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ÇË‰ 

 

Corynebacterium glutamicum

 

 ÔÂ‰ÒÚ‡‚ÎÂÌ
Ò‚Ó·Ó‰ÌÓÊË‚Û˘ËÏË ÔÓ˜‚ÂÌÌ˚ÏË ·‡ÍÚÂËflÏË, ÍÓ-
ÚÓ˚Â ËÒÔÓÎ¸ÁÛ˛ÚÒfl ‚ ÔÓÏ˚¯ÎÂÌÌÓÏ ÔÓËÁ‚Ó‰-
ÒÚ‚Â ‡ÏËÌÓÍËÒÎÓÚ, ‚ ÓÒÌÓ‚ÌÓÏ, ÎËÁËÌ‡, ‡„ËÌËÌ‡,
ÚÂÓÌËÌ‡, ËÁÓÎÂÈˆËÌ‡, ‚‡ÎËÌ‡, ÒÂËÌ‡, ÚËÔÚÓÙ‡-
Ì‡, ÙÂÌËÎ‡Î‡ÌËÌ‡ Ë „ËÒÚË‰ËÌ‡ [1], ÌÓ ÌÂ ÏÂÚËÓÌË-
Ì‡, – ÌÂÒÏÓÚfl Ì‡ Ó·˘ÌÓÒÚ¸ ÔÛÚÂÈ ·ËÓÒËÌÚÂÁ‡ ÎË-
ÁËÌ‡, ÚÂÓÌËÌ‡ Ë ÏÂÚËÓÌËÌ‡. Ç ÔÓÒÎÂ‰ÌËÂ „Ó‰˚
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·ËÓÒËÌÚÂÁ ÏÂÚËÓÌËÌ‡ ‚ 

 

C. glutamicum

 

 ‰ÂÚ‡Î¸ÌÓ
ËÁÛ˜‡ÎË Ò ˆÂÎ¸˛ ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ˝ÚÓÈ ·‡ÍÚÂËË
Í‡Í ÔÓÏ˚¯ÎÂÌÌÓ„Ó ÔÓ‰ÛˆÂÌÚ‡ ÏÂÚËÓÌËÌ‡.

ëÚÛÍÚÛÌ˚Â „ÂÌ˚ ÔÛÚË ÒËÌÚÂÁ‡ ÏÂÚËÓÌËÌ‡
ÏÓÊÌÓ ‡Á‰ÂÎËÚ¸ Ì‡ ‰‚Â „ÛÔÔ˚ – „ÂÌ˚ ÔÛÚË
‚ÍÎ˛˜ÂÌËfl ÒÂ˚ ‚ Û„ÎÂÓ‰Ì˚È ÒÍÂÎÂÚ Ë „ÂÌ˚ ÔÛÚË
·ËÓÒËÌÚÂÁ‡ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ÏÂÚËÓÌËÌ‡ (ËÒ. 1).
ÄÒÒËÏËÎflˆËfl ÒÂ˚ ÔÓËÒıÓ‰ËÚ, ‚ ÓÒÌÓ‚ÌÓÏ, Á‡
Ò˜ÂÚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ÒÛÎ¸Ù‡Ú‡ ‰Ó ÒÛÎ¸ÙË‰‡. ëÂ‡
ÒÛÎ¸ÙË‰‡ ‚ÍÎ˛˜‡ÂÚÒfl ‚ ÔÛÚ¸ ·ËÓÒËÌÚÂÁ‡ ÏÂÚËÓÌË-
Ì‡ ÎË·Ó ‚ ÒÓÒÚ‡‚Â ˆËÒÚÂËÌ‡, ÎË·Ó ‚ ÒÓÒÚ‡‚Â ˆËÒÚ‡-

 

å‡ÚÂÏ‡ÚË˜ÂÒÍ‡fl Ë ÒËÒÚÂÏÌ‡fl ·ËÓÎÓ„Ëfl
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åÂÚËÓÌËÌ fl‚ÎflÂÚÒfl Ó‰ÌÓÈ ËÁ ÌÂÁ‡ÏÂÌËÏ˚ı ‡ÏËÌÓÍËÒÎÓÚ Ë, ÍÓÏÂ ÚÓ„Ó, ÔÂ‚ÓÈ ‡ÏËÌÓÍËÒÎÓÚÓÈ ‚ ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ·ÓÎ¸¯ËÌÒÚ‚‡ ·ÂÎÍÓ‚˚ı ÏÓÎÂÍÛÎ; ‚ÓÁÏÓÊÌÓÒÚË Â„Ó ÒËÌÚÂÁ‡ ‚ ÔÓÏ˚¯ÎÂÌÌ˚ı Ï‡Ò-
¯Ú‡·‡ı Û‰ÂÎflÂÚÒfl ·ÓÎ¸¯ÓÂ ‚ÌËÏ‡ÌËÂ, ˜ÚÓ, ‚ Ò‚Ó˛ Ó˜ÂÂ‰¸, ÚÂ·ÛÂÚ ‰ÂÚ‡Î¸ÌÓ„Ó ËÁÛ˜ÂÌËfl ÔÛÚË ·ËÓ-
ÒËÌÚÂÁ‡ ÏÂÚËÓÌËÌ‡. ê‡ÌÂÂ ÔË ËÁÛ˜ÂÌËË 

 

Corynebacterium glutamicum

 

 ·˚Î Ì‡È‰ÂÌ Ú‡ÌÒÍËÔˆËÓÌÌ˚È
Â„ÛÎflÚÓ ÔÛÚË ·ËÓÒËÌÚÂÁ‡ ÏÂÚËÓÌËÌ‡/ˆËÒÚÂËÌ‡, ÔÓ‰ÛÍÚ „ÂÌ‡ 

 

mcbR

 

, Ë ·˚Î‡ ÔÂ‰ÎÓÊÂÌ‡ ‚ÂÓflÚÌ‡fl
ÓÔÂÓÌÌ‡fl ÒÚÛÍÚÛ‡ Â„ÛÎÓÌ‡ McbR. å˚ ÔÓÍ‡Á‡ÎË, ˜ÚÓ Â„ÛÎflÚÓ˚, ÓÚÓÎÓ„Ë˜Ì˚Â McbR, ÔËÒÛÚ-
ÒÚ‚Û˛Ú Â˘Â ‚ ¯ÂÒÚË „ÂÌÓÏ‡ı ·‡ÍÚÂËÈ ÔÓfl‰Í‡ Actinomycetales. êÂ„ÛÎÓÌ McbR ‚ 

 

C. glutamicum

 

 Ë Â-
„ÛÎÓÌ˚ ÓÚÓÎÓ„Ë˜Ì˚ı Â„ÛÎflÚÓÓ‚ ‚ Ó‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏ‡ı ·˚ÎË ËÒÒÎÂ‰Ó‚‡Ì˚ Ò ÔÓÏÓ˘¸˛ ÏÂÚÓ‰Ó‚
Ò‡‚ÌËÚÂÎ¸ÌÓÈ „ÂÌÓÏËÍË. èÓÍ‡Á‡ÌÓ, ˜ÚÓ ÛÓ‚ÂÌ¸ ÓÔÂÓÌÌ˚ı ÔÂÂÒÚÓÂÍ ‚˚ÒÓÍ ‰‡ÊÂ ‚ ·ÎËÁÍÓÓ‰-
ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏ‡ı, ÌÂÒÏÓÚfl Ì‡ „ÂÌÂÚË˜ÂÒÍÛ˛ ÒÚ‡·ËÎ¸ÌÓÒÚ¸ „ÂÌÓÏÓ‚ ÍÓËÌÂ·‡ÍÚÂËÈ. äÓÏÂ ÚÓ„Ó,
ÔÓÁËˆËÓÌÌÓÂ Ò‡‚ÌÂÌËÂ ÓÔÂÓÌÓ‚ Ë ‡Ì‡ÎËÁ Â„ÛÎflÚÓÌ˚ı ÒË„Ì‡ÎÓ‚ ‰‡ÎË ‚ÓÁÏÓÊÌÓÒÚ¸ ÔÂ‰ÎÓÊËÚ¸
ÌÂÒÍÓÎ¸ÍÓ ÌÓ‚˚ı ÔÓÚÂÌˆË‡Î¸Ì˚ı ˜ÎÂÌÓ‚ Â„ÛÎÓÌ‡ McbR, Ú‡ÍËı Í‡Í „ÎÛÚ‡ÏËÌ‡ÏË‰ÓÚ‡ÌÒÙÂ‡Á‡ Ë
ÏÂÚËÎÚËÓ‡‰ÂÌÓÁËÌ-ÌÛÍÎÂ‡Á‡.

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡
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REGULATION OF METHIONINE/CYSTEINE BIOSYNTHESIS IN 

 

CORYNEBACTERIUM GLUTAMI-
CUM

 

 AND RELATED GENOMES, by 

 

G. Yu. Kovaleva

 

1, 2

 

*, M. S. Gelfand

 

1, 2

 

 (

 

1

 

Moscow State University, De-
partment of Bioengineering and Bioinformatics, Moscow, 119992 Russia; 

 

2

 

Institute for Information Transmis-
sion Problems, Russian Academy of Sciences, Moscow, 127994 Russia, *e-mail: kovaleva@iitp.ru). Methio-
nine is an essential amino acid and the universal N-terminal amino acid of proteins. The biosynthesis of me-
thionine is extensively studied in various organisms that could be used in biotechnological production of me-
thionine. Transcriptional regulation of the methionine synthesis in the 

 

Corynebacterium glutamicum

 

 genome
is well studied. The McbR protein is a transcriptional regulator of methionine/cysteine biosynthesis genes. The
operon structures for members of the McbR regulon also were predicted. We identified candidate regulatory pro-
teins orthologous to McbR in six additional genomes of the order Actinomycetales. The McbR regulon as well as
regulons of the orthologous regulators in related genomes were analyzed using the comparative genomics me-
thods. The obtained data demonstrated multiple and diverse positional rearrangements even in the closest ge-
nomes despite early observations of the high level of genome stability in corynebacteria. Moreover, the compari-
son of the operon structures combined with the regulatory signal analysis allowed us to predict some new potential
members of the McbR regulons, such as glutamine amidotransferase and methylthioadenosine nuclease.

 

Key words

 

: comparative genomics, methionine biosynthesis, McbR.

 

ìÑä 577.2.08:681.3



 

140

 

åéãÖäìãüêçÄü ÅàéãéÉàü      ÚÓÏ 41      ‹ 1      2007

 

äÓ‚‡ÎÂ‚‡, ÉÂÎ¸Ù‡Ì‰

 

ÚËÓÌËÌ‡, ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÏËÍÓÓ„‡ÌËÁÏ‡ [2].
ÉÂÌ˚ ÙÂÏÂÌÚÓ‚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ÒÛÎ¸Ù‡Ú‡ Ó·‡ÁÛ-
˛Ú ‚ „ÂÌÓÏÂ 

 

C. glutamicum

 

 Â‰ËÌ˚È ÓÔÂÓÌ (ËÒ. 2

 

‡

 

).
èÓÏËÏÓ ÒÛÎ¸Ù‡Ú‡, ‚ Í‡˜ÂÒÚ‚Â ËÒÚÓ˜ÌËÍ‡ ÒÂ˚ ‰Îfl
ÔÓ˜‚ÂÌÌ˚ı ·‡ÍÚÂËÈ ÏÓ„ÛÚ ‚˚ÒÚÛÔ‡Ú¸ Ë ‰Û„ËÂ
ÒÓÂ‰ËÌÂÌËfl, Ú‡ÍËÂ Í‡Í ÒÛÎ¸Ù‡ÚÌ˚Â ˝ÙË˚ Ë ÒÛÎ¸-
ÙÓÌ‡Ú˚, ÛÚËÎËÁ‡ˆËfl ÍÓÚÓ˚ı ÚÂ·ÛÂÚ Ì‡ÎË˜Ëfl
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÙÂÏÂÌÚÓ‚. éÌË Ú‡ÍÊÂ Ó„‡ÌË-
ÁÓ‚‡Ì˚ ‚ Â‰ËÌ˚Â ÓÔÂÓÌ˚.

ÑÎfl „ÂÌÓ‚ ·ÂÎÍÓ‚, Û˜‡ÒÚ‚Û˛˘Ëı ÌÂÔÓÒÂ‰-
ÒÚ‚ÂÌÌÓ ‚ ÒËÌÚÂÁÂ ÏÂÚËÓÌËÌ‡, Ó·˙Â‰ËÌÂÌËÂ ‚
ÍÛÔÌ˚Â ÓÔÂÓÌ˚ ÌÂ ı‡‡ÍÚÂÌÓ. ÅËÓÒËÌÚÂÁ ÏÂ-
ÚËÓÌËÌ‡ Ì‡˜ËÌ‡ÂÚÒfl ÓÚ ‡ÒÔ‡Ú‡Ú‡, ÔÓıÓ‰ËÚ ÒÚ‡-
‰Ë˛ Ó·‡ÁÓ‚‡ÌËfl „ÓÏÓÒÂËÌ‡, ÍÓÚÓ˚È, ‚ Ò‚Ó˛
Ó˜ÂÂ‰¸, ÔÂÓ·‡ÁÛÂÚÒfl ÎË·Ó ‚ ‡ˆÂÚËÎ„ÓÏÓÒÂËÌ
(‚ 

 

Neurospora crassa

 

, 

 

Saccharomyces cerevisiae

 

 Ë

 

C. glutamicum

 

), ÎË·Ó ‚ ÒÛÍˆËÌËÎ„ÓÏÓÒÂËÌ (‚ 

 

Esche-
richia coli

 

 Ë 

 

Pseudomonas aeruginosa

 

). á‡ÚÂÏ Ó·‡-
ÁÛÂÚÒfl „ÓÏÓˆËÒÚÂËÌ, ËÎË ÔÓ ÔflÏÓÏÛ ÔÛÚË ÒÛÎ¸Ù-
„Ë‰ËÎËÓ‚‡ÌËfl (‚ 

 

C. glutamicum

 

, 

 

P. aeruginosa

 

 Ë

 

S. cerevisiae

 

) ËÎË ÔÓ ÔÛÚË 

 

Ú‡ÌÒ

 

-ÒÛÎ¸ÙÛËÎËÓ‚‡-
ÌËfl Ò Ó·‡ÁÓ‚‡ÌËÂÏ ÔÓÏÂÊÛÚÓ˜ÌÓ„Ó ÔÓ‰ÛÍÚ‡ –
ˆËÒÚ‡ÚËÓÌËÌ‡ (‚ 

 

E. coli

 

, 

 

N. crassa

 

 Ë 

 

C. glutamicum

 

)
[2, 3]. í‡ÍËÏ Ó·‡ÁÓÏ, ‚ ÓÚÎË˜ËÂ ÓÚ ·ÓÎ¸¯ËÌÒÚ‚‡
ÏËÍÓÓ„‡ÌËÁÏÓ‚, ÍÓÚÓ˚Â ËÒÔÓÎ¸ÁÛ˛Ú Ó‰ËÌ ËÁ
ÔÛÚÂÈ ÒËÌÚÂÁ‡ „ÓÏÓˆËÒÚÂËÌ‡, ‚ 

 

C. glutamicum

 

 ËÒ-
ÔÓÎ¸ÁÛ˛ÚÒfl Ó·‡ ÔÓÎÌÓÒÚ¸˛ ÙÛÌÍˆËÓÌ‡Î¸Ì˚Â ÔÛ-
ÚË [3] (ËÒ. 1).

ÉÂÌ˚, Û˜‡ÒÚ‚Û˛˘ËÂ ‚ ·ËÓÒËÌÚÂÁÂ ÏÂÚËÓÌËÌ‡ ‚
„ÂÌÓÏÂ 

 

C. glutamicum

 

, Ì‡ıÓ‰flÚÒfl ÔÓ‰ ÍÓÌÚÓÎÂÏ,
Í‡Í ÏËÌËÏÛÏ, ‰‚Ûı Â„ÛÎflÚÓÓ‚, ÏÂı‡ÌËÁÏ ‚Á‡Ë-
ÏÓ‰ÂÈÒÚ‚Ëfl ÏÂÊ‰Û ÍÓÚÓ˚ÏË ÔÓÍ‡ ÌÂ flÒÂÌ. é‰ÌËÏ
ËÁ ÌËı fl‚ÎflÂÚÒfl ÌÂÔflÏÓÈ Â„ÛÎflÚÓ, ÍÓ‰ËÛÂÏ˚È
„ÂÌÓÏ 

 

cg3031

 

. ëÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ ·ÂÎÓÍ ëg3031p
ÔÓ‰‡‚ÎflÂÚ ·ËÓÒËÌÚÂÁ ÏÂÚËÓÌËÌ‡, ÌÓ ÔË ˝ÚÓÏ ÌÂ

Ò‚flÁ˚‚‡ÂÚÒfl Ò Ñçä [4]. äÓÏÂ ̋ ÚÓ„Ó, ÌÂ‰‡‚ÌÓ ÓÔË-
Ò‡Ì [5, 6] Ú‡ÌÒÍËÔˆËÓÌÌ˚È Â„ÛÎflÚÓ „ÂÌÓ‚ ÔÛ-
ÚË ·ËÓÒËÌÚÂÁ‡ ÏÂÚËÓÌËÌ‡, McbR. ùÚÓ ‰ËÏÂÌ˚È
ÂÔÂÒÒÓ, ÔËÌ‡‰ÎÂÊ‡˘ËÈ Í TetR-ÒÂÏÂÈÒÚ‚Û ·ÂÎ-
ÍÓ‚, Ò‚flÁ˚‚‡˛˘ËıÒfl Ò Ô‡ÎËÌ‰ÓÏÌÓÈ ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚ¸˛ TAGAC-N6-GTCTA [6] ‚ Â„ÛÎflÚÓ-
Ì˚ı Ó·Î‡ÒÚflı „ÂÌÓ‚ ÏÂÚ‡·ÓÎË˜ÂÒÍÓ„Ó ÔÛÚË. ÅÓÎ¸-
¯‡fl ˜‡ÒÚ¸ Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl ˝ÚÓ„Ó Â„ÛÎflÚÓ‡ ‚
„ÂÌÓÏÂ 

 

C. glutamicum

 

 ÔÂ‰ÒÍ‡Á‡Ì‡ Ì‡ ÓÒÌÓ‚‡ÌËË
‚˚‡‚ÌË‚‡ÌËfl Â„ÛÎflÚÓÌ˚ı Ó·Î‡ÒÚÂÈ „ÂÌÓ‚-ÏË-
¯ÂÌÂÈ, Ë ÔÂ‰ÒÍ‡Á‡ÌËÂ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ÔÓ‰-
Ú‚ÂÊ‰ÂÌÓ ‚ ÒÎÛ˜‡Â ÔflÚË Â„ÛÎËÛÂÏ˚ı „ÂÌÓ‚, Ú‡-
ÍËı Í‡Í 

 

hom

 

, 

 

cysI

 

, 

 

cysK

 

, 

 

metK

 

 Ë 

 

mcbR

 

 [6]. Ç ÛÔÓÏflÌÛ-
ÚÓÈ ‡·ÓÚÂ [6] ÔÂ‰ÒÍ‡Á‡Ì‡ ÓÔÂÓÌÌ‡fl Ó„‡ÌËÁ‡ˆËfl
„ÂÌÓ‚, ÍÓ‰ËÛ˛˘Ëı ÙÂÏÂÌÚ˚ ·ËÓÒËÌÚÂÁ‡ ÏÂÚËÓ-
ÌËÌ‡ (ËÒ. 2, 

 

ë. glutamicum

 

) Ë ÛÍ‡Á‡Ì˚ ÔÓÚÂÌˆË‡Î¸-
Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl Ú‡ÌÒÍËÔˆËÓÌÌÓ„Ó Â-
ÔÂÒÒÓ‡, ‡ÒÔÓÎÓÊÂÌÌ˚Â ÔÂÂ‰ ·ÓÎ¸¯ÂÈ ˜‡ÒÚ¸˛
ÓÔÂÓÌÓ‚ ‚ „ÂÌÓÏÂ 

 

C. glutamicum

 

 (ËÒ. 2).

çÂÒÏÓÚfl Ì‡ ÚÓ, ˜ÚÓ ·ËÓÒËÌÚÂÁ ÏÂÚËÓÌËÌ‡ ‰Â-
Ú‡Î¸ÌÓ ËÒÒÎÂ‰Ó‚‡Ì ‚ ·ÓÎ¸¯ËÌÒÚ‚Â Ú‡ÍÒÓÌÓÏË˜Â-
ÒÍËı „ÛÔÔ ·‡ÍÚÂËÈ, ‚ ·‡ÍÚÂËflı ÍÎ‡ÒÒ‡ ‡ÍÚËÌÓ-
ÏËˆÂÚÓ‚ ˝ÚÓÚ ÏÂÚ‡·ÓÎË˜ÂÒÍËÈ ÔÛÚ¸ ËÁÛ˜ÂÌ ÌÂ‰Ó-
ÒÚ‡ÚÓ˜ÌÓ. Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ Ï˚ ËÒÒÎÂ‰Ó‚‡ÎË
Â„ÛÎÓÌ McbR ‚Ó ‚ÒÂı „ÂÌÓÏ‡ı, „‰Â ÔËÒÛÚÒÚ‚ÛÂÚ
‰‡ÌÌ˚È Â„ÛÎflÚÓ, – ˝ÚÓ ÒÂÏ¸ „ÂÌÓÏÓ‚ ÔÓfl‰Í‡
Actinomycetales.

 

ùäëèÖêàåÖçíÄãúçÄü óÄëíú

 

éÔÂ‰ÂÎÂÌËÂ ˜ÎÂÌÓ‚ Â„ÛÎÓÌ‡.

 

 ÑÎfl ÔÓËÒÍ‡ ÔÓ-
ÚÂÌˆË‡Î¸Ì˚ı Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl McbR ËÒÔÓÎ¸ÁÓ-
‚‡ÎË ÏÂÚÓ‰ Ï‡ÚËˆ ÔÓÁËˆËÓÌÌ˚ı ‚ÂÒÓ‚ ÌÛÍÎÂÓÚË-
‰Ó‚ [7]. èÓˆÂ‰Û‡ ÔÓÒÚÓÂÌËfl Ú‡ÍÓÈ Ï‡ÚËˆ˚

 

ÒÛÎ¸Ù‡Ú

‡‰ÂÌËÎËÎÒÛÎ¸Ù‡Ú (APS)

ÙÓÒÙÓ‡‰ÂÌËÎËÎÒÛÎ¸Ù‡Ú (PAPS)

ÒÛÎ¸ÙËÚ

ÒÛÎ¸ÙË‰

‡ÎÍ‡Ì-ÒÛÎ¸ÙÓÌ‡Ú˚

Cgl
Cdp Cef

Ó-‡ˆÂÚËÎÒÂËÌ

ÒÂËÌ + ‡ˆÂÚËÎ-äÓÄ

ˆËÒÚÂËÌ

Ó-‡ˆÂÚËÎ„ÓÏÓÒÂËÌ Ó-ÒÛÍˆËÌËÎ„ÓÏÓÒÂËÌ

„ÓÏÓÒÂËÌ

„ÓÏÓˆËÒÚÂËÌ

ˆËÒÚ‡ÚËÓÌËÌ

ÏÂÚËÓÌËÌ

Cgl

Cgl

Cgl
Eco

Cgl Eco

Eco
Pae

Pae

‡ÒÔ‡Ú‡Ú

‡ÒÔ‡ÚËÎÙÓÒÙ‡Ú

‡ÒÔ‡Ú‡Ú-ÒÂÏË‡Î¸‰Â„Ë‰

ÓÍÒ‡ÎÓ‡ˆÂÚ‡Ú

ÎËÁËÌ

ÚÂÓÌËÌ ËÁÓÎÂÈˆËÌ

 

êËÒ. 1.

 

 ëıÂÏ‡ ·ËÓÒËÌÚÂÁ‡ ÏÂÚËÓÌËÌ‡. éÚÏÂ˜ÂÌ˚ ËÒÔÓÎ¸ÁÛÂÏ˚Â ‡ÁÎË˜Ì˚ÏË ÏËÍÓÓ„‡ÌËÁÏ‡ÏË (‡Î¸ÚÂÌ‡ÚË‚Ì˚Â) ÔÛ-
ÚË ÔflÏÓ„Ó ÒÛÎ¸Ù„Ë‰ËÎËÓ‚‡ÌËfl Ë 

 

Ú‡ÌÒ

 

-ÒÛÎ¸ÙÛËÎËÓ‚‡ÌËfl. èÓ‰Ó·ÌÓÒÚË ‚ ÚÂÍÒÚÂ. ëÓÍ‡˘ÂÌËfl Ì‡Á‚‡ÌËÈ „ÂÌÓ-
ÏÓ‚: Cgl – 

 

C. glutamicum

 

; Cdp – 

 

C. diphtheriae

 

; Cef – 

 

C. efficiens

 

; Eco – 

 

E. coli

 

; Pae – 

 

P. aeruginosa

 

.
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‰Îfl ÔÓËÒÍ‡ Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl McbR ÔÓ‰Ó·ÌÓ
ÓÔËÒ‡Ì‡ ‚ ‡Á‰ÂÎÂ “êÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó‚‡ÌËfl”.

ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ÔËÌ‡‰ÎÂÊÌÓÒÚË „ÂÌ‡ Í Â„Û-
ÎÓÌÛ ÔËÏÂÌflÎË ÏÂÚÓ‰ ÔÓ‚ÂÍË ÒÓÓÚ‚ÂÚÒÚ‚Ëfl. ëÓ-
„Î‡ÒÌÓ ‰‡ÌÌÓÏÛ ÏÂÚÓ‰Û, „ÂÌ Ò˜ËÚ‡ÂÚÒfl ̃ ÎÂÌÓÏ Â„Û-
ÎÓÌ‡, ÂÒÎË ‚ Â„Ó Â„ÛÎflÚÓÌÓÈ Ó·Î‡ÒÚË Ó·Ì‡ÛÊÂÌ
ÔÓÚÂÌˆË‡Î¸Ì˚È Ò‡ÈÚ, ÍÓÚÓ˚È ÒÓı‡ÌflÂÚÒfl ÔÂÂ‰
ÓÚÓÎÓ„Ë˜Ì˚ÏË „ÂÌ‡ÏË ‚ Ó‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏ‡ı [7].

Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ ÔÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ ËÒÍ‡ÎË
‚ Ó·Î‡ÒÚË ÓÚ –300 ‰Ó +50 Ô.Ì. ÓÚÌÓÒËÚÂÎ¸ÌÓ ÒÚ‡Ú‡
Ú‡ÌÒÎflˆËË „ÂÌ‡. Ç ÒÎÛ˜‡Â, ÂÒÎË ÓÔÂÓÌÌ‡fl ÒÚÛÍ-
ÚÛ‡ ‰‡ÌÌÓ„Ó Ù‡„ÏÂÌÚ‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÌÂ-

ËÁ‚ÂÒÚÌ‡, „ÂÌ˚ ‡ÒÒÏ‡ÚË‚‡ÎËÒ¸ Í‡Í ÔËÌ‡‰ÎÂÊ‡-
˘ËÂ Í Ó‰ÌÓÏÛ ÓÔÂÓÌÛ, ÂÒÎË ÓÌË ËÏÂÎË Ó‰ËÌ‡ÍÓ-
‚ÓÂ Ì‡Ô‡‚ÎÂÌËÂ Ò˜ËÚ˚‚‡ÌËfl, ‡ ‡ÒÒÚÓflÌËÂ ÏÂÊ‰Û
ÌËÏË ÌÂ ÔÂ‚˚¯‡ÂÚ 100 Ô.Ì.

 

èÓ„‡ÏÏÌÓÂ Ó·ÂÒÔÂ˜ÂÌËÂ.

 

 ÑÎfl ÔÓËÒÍ‡ ÔÓÚÂÌ-
ˆË‡Î¸Ì˚ı Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl Â„ÛÎflÚÓ‡ McbR, ‡
Ú‡ÍÊÂ ‡Ì‡ÎËÁ‡ ÓÚÓÎÓ„Ó‚ ËÒÔÓÎ¸ÁÓ‚‡ÎË Ô‡ÍÂÚ
ÔÓ„‡ÏÏ GenomeExplorer [8]. ÑÎfl ÔÓÒÚÓÂÌËfl
Ï‡ÚËˆ ÔÓÁËˆËÓÌÌ˚ı ‚ÂÒÓ‚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÔÓ-
„‡ÏÏÛ SignalX [8]. èÓËÒÍ „ÓÏÓÎÓ„Ó‚ ‚ ·‡Á‡ı ‰‡Ì-
Ì˚ı ÔÓ‚Ó‰ËÎË Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚ BLAST [9].
ÑÎfl ÔÓÒÚÓÂÌËfl ÏÌÓÊÂÒÚ‚ÂÌÌ˚ı ‚˚‡‚ÌË‚‡ÌËÈ
‡ÏËÌÓÍËÒÎÓÚÌ˚ı Ë ÌÛÍÎÂÓÚË‰Ì˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸-

 

‡

· ‚

„ ‰

 

Cgl

Cdp

Cef

Cjk

Nfa

Lxl

Scc

Cgl

Cdp

Cef

Cjk

Nfa

Lxl

Scc

Cgl

Cdp

Cef

Cjk

Nfa

Lxl

Scc

Cgl

Cdp

Cef

Cjk

Nfa

Lxl

Scc

 

cysJ

 

/

 

fpr2 cysl cysX cysH cysD cysN cysY cysZ

 

MTA ÌÛÍÎÂÓÁË‰‡Á‡

 

cysë

 

?

 

CE2636CE2637

 

(

 

CysX

 

)

ÓÚÓÎÓ„Ó‚ ÌÂÚ

ÓÚÓÎÓ„Ó‚ ÌÂÚ

ÓÚÓÎÓ„Ó‚ ÌÂÚ

ÓÚÓÎÓ„Ó‚ ÌÂÚ

ÓÚÓÎÓ„Ó‚ ÌÂÚ

(

 

fpr1

 

)

 

cg2524 aecD brnQ cg2538

 

(

 

metC

 

)

 

ywjA jk0591

 

ÓÚÓÎÓ„

 

 cg2680

 

ÓÚÓÎÓ„Ó‚ ÌÂÚ

 

metY metX

 

(

 

metC

 

)

(

 

metA

 

)(

 

cysD

 

)

 

hom

 

/

 

thrA thrB thrC

 

Cgl

Cdp

Cef

Cjk

Nfa

Lxl

Scc

 

cg0737 cg0736 cg0735

DIP0611

 

êËÒ. 2.

 

 ëÚÛÍÚÛ‡ ÔflÚË ÓÔÂÓÌÓ‚ (

 

‡–‰

 

) Â„ÛÎÓÌ‡ McbR, ÔÂÚÂÔÂ‚¯Ëı Ì‡Ë·ÓÎ¸¯ËÂ ˝‚ÓÎ˛ˆËÓÌÌ˚Â ÔÂÂÒÚÓÈÍË. Ñ‡Ì˚
ÚË‚Ë‡Î¸Ì˚Â Ì‡Á‚‡ÌËfl „ÂÌÓ‚ ‰Îfl 

 

C. glutamicum

 

; ‰Îfl ÓÚÓÎÓ„Ó‚, ËÏÂ˛˘Ëı ‚ ÉÂÌÅ‡ÌÍÂ [20] ‰Û„ËÂ Ì‡Á‚‡ÌËfl, Ì‡Á‚‡ÌËfl
„ÂÌÓ‚ ÔË‚Â‰ÂÌ˚ ‚ ÒÍÓ·Í‡ı Ì‡‰ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÏ „ÂÌÓÏ. éÚÓÎÓ„Ë˜Ì˚Â „ÂÌ˚ Ó‰ËÌ‡ÍÓ‚Ó ÓÍ‡¯ÂÌ˚. ëÓÍ‡˘ÂÌËfl Ì‡-
Á‚‡ÌËÈ „ÂÌÓÏÓ‚: Cgl – 

 

C. glutamicum

 

; Cdp – 

 

C. diphtheriae

 

; Cef – 

 

C. efficiens

 

; Cjk – 

 

C. jeikeium

 

; Nfa – 

 

N. farÒinica

 

; Lxl – 

 

L. xyli

 

,

Scc – 

 

S. coelicolor

 

. ìÒÎÓ‚Ì˚Â Ó·ÓÁÌ‡˜ÂÌËfl:  – ÚÂÏËÌ‡ÚÓÌ‡fl ¯ÔËÎ¸Í‡, ÔÂ‰ÒÍ‡Á‡Ì‡ ‚ ‡·ÓÚÂ [6];  – Ò‡ÈÚ Ò‚flÁ˚‚‡-

ÌËfl McbR, ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ÔÓ‰Ú‚ÂÊ‰ÂÌ ‚ ‡·ÓÚÂ [6];  – Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl McbR, ÔÂ‰ÒÍ‡Á‡Ì ‚ ‡·ÓÚÂ [6];  –

Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl McbR, ÔÂ‰ÒÍ‡Á‡Ì ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ;  – Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl McbR Ò ‚ÂÒÓÏ ÌËÊÂ ÔÓÓ„Ó‚Ó„Ó ÁÌ‡˜ÂÌËfl;

 – „ÂÌ˚ ‡ÁÌÂÒÂÌ˚ ÔÓ „ÂÌÓÏÛ;  – ÌÂÓÚÓÎÓ„Ë˜ÌÓÂ Á‡ÏÂ˘ÂÌËÂ.

?
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äÓ‚‡ÎÂ‚‡, ÉÂÎ¸Ù‡Ì‰

 

ÌÓÒÚÂÈ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÔÓ„‡ÏÏÛ ClustalX [10]. ù‚Ó-
Î˛ˆËÓÌÌ˚Â ‰ÂÂ‚¸fl ÒÚÓËÎË ÔÓ ÏÂÚÓ‰Û Ï‡ÍÒË-
Ï‡Î¸ÌÓ„Ó Ô‡‚‰ÓÔÓ‰Ó·Ëfl (Maximum Likelyhood)
[11] Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚ proml ËÁ ÔÓ„‡ÏÏ-
ÌÓ„Ó Ô‡ÍÂÚ‡ PHYLIP 3.63 (http://evolution.genetics.
washington.edu/).

 

àÒÒÎÂ‰Ó‚‡ÌÌ˚Â „ÂÌÓÏ˚.

 

 Ç Ó·˘ÂÈ ÒÎÓÊÌÓÒÚË
‡ÒÒÏÓÚÂÌ˚ „ÂÌÓÏ˚ ÒÂÏË ‚Ë‰Ó‚ ‡ÍÚËÌÓ·‡ÍÚÂËÈ.
èÓÎÌ˚Â ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË „ÂÌÓÏÓ‚ 

 

C. glutami-
cum

 

 ATCC 13032 [12], 

 

C. diphtheriae

 

 NCTC 13129
[13], 

 

C. efficiens

 

 YS-314 [14], 

 

C. jeikeium

 

 K411 [15],

 

Nocardia farcinica

 

 IFM 10152 [16], 

 

Leifsonia xyli

 

 sub-
sp. 

 

xyli str

 

. CTCB07 [17] Ë 

 

Streptomyces coelicolor

 

A3(2) [18, 19] ‚ÁflÚ˚ ËÁ ÉÂÌÅ‡ÌÍ‡ [20].

 

êÖáìãúíÄíõ àëëãÖÑéÇÄçàü

 

ù‚ÓÎ˛ˆËÓÌÌÓÂ ‰ÂÂ‚Ó Â„ÛÎflÚÓ‡ McbR (ËÒ. 3)
Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ, ̃ ÚÓ ‰‡ÌÌ˚È Â„ÛÎflÚÓ ÒÓı‡ÌflÂÚ-
Òfl ‚ „ÂÌÓÏ‡ı Ó‰‡ 

 

Corynebacterium

 

 (

 

C. glutamicum

 

,

 

C. diphtheriae

 

, 

 

C. efficiens

 

 Ë 

 

C. jeikeium

 

), ‡ Ú‡ÍÊÂ ‚
‰Û„Ëı „ÂÌÓÏ‡ı ÔÓfl‰Í‡ Actinomycetales, Ú‡ÍËı
Í‡Í 

 

Nocardia farcinica

 

, 

 

Leifsonia xyli

 

 Ë 

 

Streptomyces
coelicolor

 

. ç‡ ÒÎÂ‰Û˛˘Ëı ˝Ú‡Ô‡ı ‡·ÓÚ˚ ËÒÒÎÂ‰Ó-
‚‡ÎË ÚÓÎ¸ÍÓ ˝ÚË „ÂÌÓÏ˚.

 

èÓÁËˆËÓÌÌÓÂ Ò‡‚ÌÂÌËÂ

 

ÉÂÌ˚ ÏÂÚ‡·ÓÎË˜ÂÒÍÓ„Ó ÔÛÚË Ë Ëı Ó„‡ÌËÁ‡ˆËfl ‚
ÓÔÂÓÌ˚ Û 

 

C. glutamicum

 

 ÛÊÂ ËÁ‚ÂÒÚÌ˚ [6]. å˚
ÔÂ‰ÔËÌflÎË ÔÓËÒÍ ÓÚÓÎÓ„Ó‚ ·ÂÎÍÓ‚ ÔÛÚË ·ËÓÒËÌ-
ÚÂÁ‡ ÏÂÚËÓÌËÌ‡ ‚ ÓÒÚ‡Î¸Ì˚ı „ÂÌÓÏ‡ı Ë ÔÂ‰ÒÍ‡Á‡-
ÎË Ëı Ó„‡ÌËÁ‡ˆË˛ ‚ ÓÔÂÓÌ˚ (ËÒ. 2). ÄÌ‡ÎËÁ
ÔÂ‰ÒÍ‡Á‡ÌÌ˚ı ÓÔÂÓÌÌ˚ı ÒÚÛÍÚÛ ÔÓÁ‚ÓÎflÂÚ ‚˚-
‰ÂÎËÚ¸ ÌÂÒÍÓÎ¸ÍÓ ÚËÔÓ‚ ˝‚ÓÎ˛ˆËÓÌÌ˚ı ÒÓ·˚ÚËÈ.

1. çÂÓÚÓÎÓ„Ë˜Ì˚Â Á‡ÏÂ˘ÂÌËfl. Å‡ÍÚÂËË

 

C. jeikeium

 

, 

 

N. farcinica

 

, 

 

L. xyli

 

 Ë 

 

S. coelicolor

 

 ËÒ-

ÔÓÎ¸ÁÛ˛Ú ÚÂÓÌËÌÒËÌÚÂÚ‡ÁÛ („ÂÌ 

 

thrC

 

), ı‡‡ÍÚÂ-
ÌÛ˛ ‰Îfl ·ÓÎ¸¯ËÌÒÚ‚‡ ‡ÍÚËÌÓÏËˆÂÚÓ‚. ÉÂÌ ÚÂÓ-
ÌËÌÒËÌÚÂÚ‡Á˚ ‚ıÓ‰ËÚ ‚ ÒÓÒÚ‡‚ ÓÔÂÓÌ‡ Ò „ÂÌ‡ÏË
„ÓÏÓÒÂËÌ‰Â„Ë‰Ó„ÂÌ‡Á˚ (

 

hom

 

, ËÎË 

 

thrA

 

) Ë „ÓÏÓ-
ÒÂËÌÍËÌ‡Á˚ (

 

thrB

 

). èÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ „ÂÌÓ‚ ‚
ÓÔÂÓÌÂ ÏÓÊÂÚ ËÁÏÂÌflÚ¸Òfl, Ë ‚ „ÂÌÓÏÂ C. jeikeium
Ë N. farcinica „ÂÌ˚ ÓÔÂÓÌ‡ ‡ÒÔÓÎÓÊÂÌ˚ ‚ ÔÓfl‰-
ÍÂ hom-thrB-thrC, ‡ ‚ „ÂÌÓÏÂ L. xyli Ë S. coelicolor –
hom-thrC-thrB (ËÒ. 2‰).

Ç ÚÓ ÊÂ ‚ÂÏfl, ‚ ·‡ÍÚÂËflı C. glutamicum,
C. diphtheriae Ë C. efficiens ÙÛÌÍˆËË ÚÂÓÌËÌÒËÌÚÂ-
Ú‡Á˚ ‚˚ÔÓÎÌflÂÚ ·ÂÎÓÍ, ÌÂ ÓÚÓÎÓ„Ë˜Ì˚È ÔÓ‰ÛÍ-
ÚÛ „ÂÌ‡ thrC ‡ÍÚËÌÓÏËˆÂÚÓ‚. Ö„Ó Í‡ÚËÓ‚‡ÌËÂ Ë
ÙÛÌÍˆËÓÌ‡Î¸ÌÓÒÚ¸ ·˚ÎË ÔÓ‚ÂÂÌ˚ ˝ÍÔÂËÏÂÌ-
Ú‡Î¸ÌÓ [21], ıÓÚfl ÔÓËÒıÓÊ‰ÂÌËÂ ˝ÚÓ„Ó ·ÂÎÍ‡ ÌÂ
Ó˜Â‚Ë‰ÌÓ. ï‡‡ÍÚÂÌÓ, ̃ ÚÓ „ÂÌ ̋ ÚÓÈ ÚÂÓÌËÌÒËÌÚÂ-
Ú‡Á˚ ÛÊÂ ÌÂ ‚ıÓ‰ËÚ ‚ ÒÓÒÚ‡‚ ÓÔÂÓÌ‡ Ë, Ú‡ÍËÏ Ó·‡-
ÁÓÏ, ËÏÂÂÚÒfl ‰‚‡ ÌÂÁ‡‚ËÒËÏ˚ı ÓÔÂÓÌ‡ – hom-thrB Ë
ÌÂÂ„ÛÎËÛÂÏ˚È ÏÓÌÓˆËÒÚÓÌÌ˚È ÓÔÂÓÌ thrC, ‡Ò-
ÔÓÎÓÊÂÌÌ˚Â ‚ ‡ÁÌ˚ı ˜‡ÒÚflı „ÂÌÓÏ‡ [21] (ËÒ. 2‰).

ÑÎfl ÔÓ˜‚ÂÌÌ˚ı ·‡ÍÚÂËÈ Ó‰ÌËÏË ËÁ ÓÒÌÓ‚Ì˚ı
ËÒÚÓ˜ÌËÍÓ‚ ÒÂ˚ fl‚Îfl˛ÚÒfl ÒÛÎ¸Ù‡ÚÌ˚Â ˝ÙË˚ Ë
ÒÛÎ¸ÙÓÌ‡Ú˚. ëÛÎ¸Ù‡ÚÌ˚Â ˝ÙË˚ ÛÚËÎËÁËÛ˛ÚÒfl
ÔË ÔÓÒÂ‰ÒÚ‚Â ÒÛÎ¸Ù‡Ú‡Á, ÍÓÚÓ˚Â ÔËÒÛÚÒÚ‚Û-
˛Ú Ô‡ÍÚË˜ÂÒÍË ‚ Í‡Ê‰ÓÏ ÏËÍÓÓ„‡ÌËÁÏÂ [22].
íÂÏ ÌÂ ÏÂÌÂÂ, ‚ „ÂÌÓÏÂ C. glutamicum ‰Îfl ˝ÚÓÈ ˆÂ-
ÎË ËÏÂÂÚÒfl ÓÚ‰ÂÎ¸Ì˚È ÓÔÂÓÌ, seuABC, ÍÓ‰ËÛ˛-
˘ËÈ ÚË ÔÓÚÂÌˆË‡Î¸Ì˚ı ÙÂÏÂÌÚ‡ ‰ÂÒÛÎ¸ÙÛËÁ‡-
ˆËË [6], ‚ ÒÓÒÚ‡‚ ÍÓÚÓÓ„Ó ‚ıÓ‰ËÚ Ú‡ÍÊÂ ssuD2 (ÒÏ.
ÌËÊÂ). ÑÎfl ÛÚËÎËÁ‡ˆËË ÊÂ ÒÛÎ¸ÙÓÌ‡ÚÓ‚ Ó·flÁ‡-
ÚÂÎ¸ÌÓ ÌÂÓ·ıÓ‰ËÏ˚ ÒÔÂˆËÙË˜ÂÒÍËÂ ÙÂÏÂÌÚ˚.
ÇÓ ‚ÒÂı ÓÔËÒ‡ÌÌ˚ı ÒÎÛ˜‡flı „ÂÌ˚ ÛÚËÎËÁ‡ˆËË
ÒÛÎ¸ÙÓÌ‡ÚÓ‚ ÙÓÏËÛ˛Ú Ó‰ËÌ ÓÔÂÓÌ, ‚ÍÎ˛˜‡˛-
˘ËÈ ‚ ÒÂ·fl „ÂÌ˚ ABC-Ú‡ÌÒÔÓÚÂ‡ Ë NAD(P)H-
Á‡‚ËÒËÏÓÈ ÏÓÌÓÓÍÒË„ÂÌ‡Á˚ [23]. Ç „ÂÌÓÏÂ C. glu-
tamicum ˝ÚÓÚ ÓÔÂÓÌ, ssuABC-D1 (ssu – sulfonate-
sulfur utilization), ÛÊÂ ÓÔËÒ‡Ì [24]. àÌÚÂÂÒÌÓ, ˜ÚÓ
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êËÒ. 3. ù‚ÓÎ˛ˆËÓÌÌÓÂ ‰ÂÂ‚Ó McbR. Ç˚‰ÂÎÂÌ‡ ‚ÂÚ‚¸, Ì‡ ÍÓÚÓÓÈ Ì‡ıÓ‰ËÚÒfl McbR C. glutamicum Ë Â„Ó ÓÚÓÎÓ„Ë.
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‚Ó ‚ÒÂı ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı Ì‡ÏË „ÂÌÓÏ‡ı Ó·‡ ÓÔÂÓÌ‡
Ô‡ÍÚË˜ÂÒÍË ÔÓÎÌÓÒÚ¸˛ ÛÚ‡˜ÂÌ˚ (ÒÏ. ÌËÊÂ), Ó‰-
Ì‡ÍÓ ‚ „ÂÌÓÏÂ C. efficiens ‚ ÓÔÂÓÌÂ ÛÚËÎËÁ‡ˆËË
ÒÛÎ¸Ù‡Ú‡ (cysIXHDNYZ, ËÒ. 2‡) ÔÓfl‚ÎflÂÚÒfl ÌÓ‚˚È
ÔÓÚÂÌˆË‡Î¸Ì˚È ̃ ÎÂÌ – „ÂÌ ·ÂÎÍ‡ CE2637, ·ÎËÊ‡È-
¯ËÏË ÓÚÓÎÓ„‡ÏË ÍÓÚÓÓ„Ó fl‚Îfl˛ÚÒfl ˜ÎÂÌ˚ ·ÂÎ-
ÍÓ‚Ó„Ó ÒÂÏÂÈÒÚ‚‡ Î˛ˆËÙÂ‡Á ËÁ „ÂÌÓÏÓ‚ ÔÓ-
ÚÂÓ·‡ÍÚÂËÈ. ë‡‚ÌÂÌËÂ Ò ÍÓÌÒÂ‚‡ÚË‚Ì˚ÏË ·ÂÎ-
ÍÓ‚˚ÏË ‰ÓÏÂÌ‡ÏË, ËÁ‚ÎÂ˜ÂÌÌ˚ÏË ËÁ ÉÂÌÅ‡ÌÍ‡
[20], ÔÓÁ‚ÓÎflÂÚ ·ÓÎÂÂ ÚÓ˜ÌÓ ÔÂ‰ÒÍ‡Á‡Ú¸ ÙÛÌÍ-
ˆË˛ ·ÂÎÍ‡ CE2637: ˝ÚÓ ‡ÎÍ‡ÌÒÛÎ¸ÙÓÌ‡Ú-ÏÓÌÓÓÍ-
ÒË„ÂÌ‡Á‡, ÍÓÚÓ‡fl, ÔÓ ‚ÒÂÈ ‚Ë‰ËÏÓÒÚË, ÔÓfl‚ËÎ‡Ò¸ ‚
„ÂÌÓÏÂ C. efficiens ‚ÒÎÂ‰ÒÚ‚ËÂ ÌÂÓÚÓÎÓ„Ë˜ÌÓ„Ó Á‡-
ÏÂ˘ÂÌËfl. Ç ÓÔÂÓÌÂ ÛÚËÎËÁ‡ˆËË ÒÛÎ¸Ù‡Ú‡ ÌÂÚ „ÂÌ‡
ÄÇë-Ú‡ÌÒÔÓÚÂ‡, Ó‰Ì‡ÍÓ ÒÛ·ÒÚ‡Ú ‰Îfl ‡ÎÍ‡ÌÒÛÎ¸-
ÙÓÌ‡Ú-ÏÓÌÓÓÍÒË„ÂÌ‡Á˚, ‚ÓÁÏÓÊÌÓ, ÔÓÒÚ‡‚ÎflÂÚÒfl
Ó‰ÌËÏ ËÁ ‰‚Ûı ÄÇë-Ú‡ÌÒÔÓÚÂÓ‚ („ÂÌ˚ cg0735-
cg0737 Ë cg2675-cg2678 ‚ „ÂÌÓÏÂ C. glutamicum) Ò
ÌÂËÁ‚ÂÒÚÌÓÈ ÒÔÂˆËÙË˜ÌÓÒÚ¸˛. é·‡ Ú‡ÌÒÔÓÚÂ‡
Ë Â„ÛÎflÚÓÌ˚Â ÒË„Ì‡Î˚ ÔÂÂ‰ ÍÓ‰ËÛ˛˘ËÏË Ëı
ÓÔÂÓÌ‡ÏË (ÒÏ. ÌËÊÂ) ÒÓı‡Ìfl˛ÚÒfl ‚ „ÂÌÓÏÂ C. ef-
ficiens (ËÒ. 2‡).

2. éÔÂÓÌÌ˚Â ÔÂÂÒÚÓÈÍË. Ç˚¯Â ÛÊÂ ÛÔÓÏË-
Ì‡ÎÓÒ¸, ̃ ÚÓ ‚ ÓÔÂÓÌÂ thrABC ÔÓËÒıÓ‰ËÚ ÔÂÂÒÚ‡-
ÌÓ‚Í‡ „ÂÌÓ‚. ÄÌ‡ÎÓ„Ë˜Ì˚Â ÒÎÛ˜‡Ë ı‡‡ÍÚÂÌ˚ Ë
‰Îfl ‰Û„Ëı ÓÔÂÓÌÓ‚. í‡Í, „ÂÌ˚ „ÓÏÓÒÂËÌ-‡ˆÂ-
ÚËÎÚ‡ÌÒÙÂ‡Á˚ (metX) Ë ‡ˆÂÚËÎ„ÓÏÓÒÂËÌÎË‡Á˚
(metY) ‚ ‡ÁÌ˚ı „ÂÌÓÏ‡ı ÔÓ-‡ÁÌÓÏÛ ‡ÒÔÓÎÓÊÂ-
Ì˚ ÓÚÌÓÒËÚÂÎ¸ÌÓ ‰Û„ ‰Û„‡ (ËÒ. 2„). Ç „ÂÌÓÏÂ
C. glutamicum ÓÌË Ì‡ıÓ‰flÚÒfl fl‰ÓÏ, Ú‡ÌÒÍË·Ë-
Û˛ÚÒfl ‚ Ó‰ÌÓÏ Ì‡Ô‡‚ÎÂÌËË, ‡ÒÒÚÓflÌËÂ ÏÂÊ‰Û
„ÂÌ‡ÏË ÓÚÌÓÒËÚÂÎ¸ÌÓ ÌÂ‚ÂÎËÍÓ – 144 Ô.Ì., Ë, ÚÂÏ
ÌÂ ÏÂÌÂÂ, „ÂÌ˚ ‡Á‰ÂÎÂÌ˚ ÔÓÚÂÌˆË‡Î¸Ì˚Ï ÚÂÏË-
Ì‡ÚÓÓÏ [6]. Ç „ÂÌÓÏ‡ı C. diphtheriae Ë N. farcinica
˝ÚË „ÂÌ˚ Ú‡ÍÊÂ Ú‡ÌÒÍË·ËÛ˛ÚÒfl ‚ Ó‰ÌÓÏ Ì‡-
Ô‡‚ÎÂÌËË, Ó‰Ì‡ÍÓ Â˘Â ·ÓÎÂÂ ‡ÁÌÂÒÂÌ˚ ÔÓ „ÂÌÓ-
ÏÛ. ÑÎfl „ÂÌÓÏÓ‚ C. efficiens Ë C. jeikeium ı‡‡ÍÚÂ-
ÌÓ ÙÓÏËÓ‚‡ÌËÂ Â‰ËÌÓ„Ó ÓÔÂÓÌ‡ metXY. äÓÏÂ
ÚÓ„Ó, ËÁ‚ÂÒÚÌ˚ ÒÎÛ˜‡Ë Ë ‰Ë‚Â„ÂÌÚÌÓ„Ó ‡ÒÔÓÎÓ-
ÊÂÌËfl ˝ÚËı „ÂÌÓ‚, ÍÓ„‰‡ metY (Á‰ÂÒ¸ cysD) ‡ÒÔÓ-
ÎÓÊÂÌ ÍÓÌ‚Â„ÂÌÚÌÓ Ò „ÂÌÓÏ ÔÓÚÂÌˆË‡Î¸ÌÓÈ ‰Â-
„Ë‰Ó„ÂÌ‡Á˚, ‡ ‰Ë‚Â„ÂÌÚÌÓ Í ÌËÏ ‡ÒÔÓÎÓÊÂÌ
„ÂÌ metX (Á‰ÂÒ¸ metA). í‡Í‡fl ÒËÚÛ‡ˆËfl Ì‡·Î˛‰‡ÂÚ-
Òfl ‚ „ÂÌÓÏÂ L. xyli (ËÒ. 2„).

ÇÌÛÚËÓÔÂÓÌÌ˚Â ÔÂÂÒÚ‡ÌÓ‚ÍË „ÂÌÓ‚ ı‡‡Í-
ÚÂÌ˚ Ë ‰Îfl ÓÔÂÓÌ‡ cg0735-cg0737, ÍÓ‰ËÛ˛˘Â-
„Ó ABC-ÔÂÂÌÓÒ˜ËÍ ÌÂËÁ‚ÂÒÚÌÓ„Ó ÒÛ·ÒÚ‡Ú‡
(ËÒ. 2‚). Ç „ÂÌÓÏ‡ı Ó‰‡ Corynebacterium (ÍÓÏÂ
C. diphtheriae) Ú‡Í ÊÂ, Í‡Í Ë ‚ „ÂÌÓÏ‡ı N. farcinica
Ë L. xyli, ÒÚÛÍÚÛ‡ ÓÔÂÓÌ‡ ÒÓı‡ÌflÂÚÒfl, ÚÓ„‰‡
Í‡Í ‚ „ÂÌÓÏÂ S. coelicolor ÔÓfl‰ÓÍ ËÁÏÂÌÂÌ Ì‡
cg0737-cg0735-cg0736. Ç „ÂÌÓÏÂ C. diphtheriae ÓÔÂ-
ÓÌ Û‰ÎËÌÂÌ Á‡ Ò˜ÂÚ ÔÓfl‚ÎÂÌËfl „ÂÌ‡ Ô‡‡ÎÓ„‡ ·ÂÎ-
Í‡ cg0737p ÔÂÂ‰ ÓÔÂÓÌÓÏ. ÇÓÁÏÓÊÌÓ, Û‰ÎËÌÂ-
ÌËÂ ÓÔÂÓÌ‡ Ì‡·Î˛‰‡ÂÚÒfl Ë ‚ ÒÎÛ˜‡Â „ÂÌ‡ Â„ÛÎfl-
ÚÓ‡ McbR (ÒÏ. ÌËÊÂ).

Ç ÛÊÂ ÛÔÓÏËÌ‡‚¯ÂÏÒfl ‚˚¯Â ÓÔÂÓÌÂ ÛÚËÎËÁ‡-
ˆËË ÒÛÎ¸Ù‡Ú‡ ‚ „ÂÌÓÏÂ S. coelicolor ‚ ˆÂÌÚÂ ÓÔÂÓ-

Ì‡ cysIXHCDN ‚ÓÁÌËÍ‡ÂÚ ÌÓ‚˚È ˜ÎÂÌ, cysC, ÔÓÚÂÌ-
ˆË‡Î¸ÌÓ ÍÓ‰ËÛ˛˘ËÈ ‡‰ÂÌËÎËÎÒÛÎ¸Ù‡ÚÍËÌ‡ÁÛ
(ËÒ. 2‡). èÓËÒıÓÊ‰ÂÌËÂ ˝ÚÓ„Ó ·ÂÎÍ‡ ÌÂËÁ‚ÂÒÚÌÓ,
ÔÓÒÍÓÎ¸ÍÛ Â„Ó ÓÚÓÎÓ„Ë ÔËÒÛÚÒÚ‚Û˛Ú ÚÓÎ¸ÍÓ ‚
„ÂÌÓÏ‡ı Ó‰‡ Streptomyces. Ç „ÓÏÓÎÓ„Ë˜ÌÓÏ ÓÔÂ-
ÓÌÂ cysIXHDNYZ „ÂÌÓÏ‡ C. efficiens, ÔÓÏËÏÓ ‡Î-
Í‡ÌÒÛÎ¸ÙÓÌ‡Ú-ÏÓÌÓÓÍÒË„ÂÌ‡Á˚ (ÒÏ. ‚˚¯Â), ÔÓfl‚-
ÎflÂÚÒfl Â˘Â Ó‰ËÌ ÌÓ‚˚È ÔÓÚÂÌˆË‡Î¸Ì˚È ˜ÎÂÌ Â-
„ÛÎÓÌ‡ (ËÒ. 2‡), ÍÓ‰ËÛ˛˘ËÈ ÏÂÚËÎÚËÓ‡‰ÂÌÓÁËÌ-
ÌÛÍÎÂÓÁË‰‡ÁÛ (ÒÏ. ÌËÊÂ). éÚÓÎÓ„Ë ˝ÚÓ„Ó ·ÂÎÍ‡
Ó·Ì‡ÛÊË‚‡˛ÚÒfl Ú‡ÍÊÂ ‚ C. glutamicum Ë C. diph-
theriae, „‰Â Ëı „ÂÌ˚ Ó·‡ÁÛ˛Ú ÏÓÌÓˆËÒÚÓÌÌ˚Â
ÓÔÂÓÌ˚.

éÔÂÓÌ cg2679 C. glutamicum, ‡ÒÔÓÎÓÊÂÌÌ˚È
‰Ë‚Â„ÂÌÚÌÓ Í ÓÔÂÓÌÛ cg2674-cg2678 [6], ÏÓÊÂÚ
‚ÍÎ˛˜‡Ú¸ ‚ ÒÂ·fl Ë „ÂÌ cg2680 (ÍÓ‰ËÛ˛˘ËÈ ‡ÏË-
ÌÓÚ‡ÌÒÙÂ‡ÁÛ), ÔÓÒÍÓÎ¸ÍÛ ÏÂÊ„ÂÌÌÓÂ ‡ÒÒÚÓfl-
ÌËÂ ÒÓÒÚ‡‚ÎflÂÚ ‚ÒÂ„Ó 52 Ô.Ì. Ë ÔÓÚÂÌˆË‡Î¸ÌÓ„Ó
Rho-ÌÂÁ‡‚ËÒËÏÓ„Ó ÚÂÏËÌ‡ÚÓ‡ ÏÂÊ‰Û ˝ÚËÏË „Â-
Ì‡ÏË ÌÂ ·˚ÎÓ ÔÂ‰ÒÍ‡Á‡ÌÓ [6]. ÑË‚Â„ÓÌ cg2574-
cg2680 ÍÓÌÒÂ‚‡ÚË‚ÂÌ ÚÓÎ¸ÍÓ ‚ „ÂÌÓÏÂ C. efficiens
Ë ÔÓÎÌÓÒÚ¸˛ ÛÚ‡˜ÂÌ ‚Ó ‚ÒÂı ÓÒÚ‡Î¸Ì˚ı „ÂÌÓÏ‡ı.
íÓÎ¸ÍÓ ‰Îfl „ÂÌ‡ cg2680 ËÏÂÂÚÒfl ÓÚÓÎÓ„ ‚ „ÂÌÓÏÂ
C. jeikeium, „‰Â ÓÌ ‚ıÓ‰ËÚ ‚ ÒÓÒÚ‡‚ ‰Û„Ó„Ó Â„ÛÎË-
ÛÂÏÓ„Ó ÓÔÂÓÌ‡ (ËÒ. 2·), Ú‡ÍÊÂ ‚ÍÎ˛˜‡˛˘Â„Ó ‚
ÒÂ·fl „ÂÌ aecD (ˆËÒÚ‡ÚËÓÌËÌ-β-ÎË‡Á˚) Ë ywjA („ÂÌ
Äíê-‡Á˚ ÄÇë-Ú‡ÌÒÔÓÚÂ‡). Ç „ÂÌÓÏ‡ı C. gluta-
micum Ë ë. efficiens ÓÚÓÎÓ„Ë „ÂÌ‡ ywjA Ó·‡ÁÛ˛Ú ÏÓ-
ÌÓˆËÒÚÓÌÌ˚Â ÌÂÂ„ÛÎËÛÂÏ˚Â ÓÔÂÓÌ˚, ‡ ÓÚÓÎÓ-
„Ë „ÂÌ‡ aecD ‚ıÓ‰flÚ ‚ ÒÓÒÚ‡‚ ÌÂÂ„ÛÎËÛÂÏÓ„Ó ÓÔÂ-
ÓÌ‡, Ú‡ÍÊÂ ‚ÍÎ˛˜‡˛˘Â„Ó ‚ ÒÂ·fl „ÂÌ brnQ (ÔÂÂ-
ÌÓÒ˜ËÍ ‡ÏËÌÓÍËÒÎÓÚ Ò ‡Á‚ÂÚ‚ÎÂÌÌÓÈ ˆÂÔ¸˛) Ë
‡ÎÍ‡Ì‡ÎÏÓÌÓÓÍÒË„ÂÌ‡ÁÛ, ÍÓ‰ËÛÂÏÛ˛ „ÂÌÓÏ cg2538
(ËÒ. 2·). Ç „ÂÌÓÏÂ C. diphtheriae ÓÚÓÎÓ„ „ÂÌ‡ ywjA
‚ıÓ‰ËÚ ‚ ÒÓÒÚ‡‚ ÌÂÂ„ÛÎËÛÂÏÓ„Ó ÓÔÂÓÌ‡ aecD-
brnQ-DIP1738 (DIP1738 ÍÓ‰ËÛÂÚ ‡ÎÍ‡Ì‡ÎÏÓÌÓÓÍ-
ÒË„ÂÌ‡ÁÛ). Ç „ÂÌÓÏÂ C. jeikeium ÓÚÓÎÓ„Ë˜Ì˚Â „ÂÌ˚
‡ÎÍ‡Ì‡ÎÏÓÌÓÓÍÒË„ÂÌ‡Á˚ Ë Ú‡ÌÒÔÓÚÂ‡ ‡ÏËÌÓ-
ÍËÒÎÓÚ Ò ‡Á‚ÂÚ‚ÎÂÌÌÓÈ ̂ ÂÔ¸˛ Ó·‡ÁÛ˛Ú ÌÂÂ„ÛÎË-
ÛÂÏ˚Â ÏÓÌÓˆËÒÚÓÌÌ˚Â ÓÔÂÓÌ˚ (ËÒ. 2·).

3. è‡‡ÎÓ„Ë Ë ‰ÛÔÎËÍ‡ˆËË. Ç˚¯Â ÓÔËÒ‡Ì‡ ÒË-
ÚÛ‡ˆËfl, ÍÓ„‰‡ ‚ „ÂÌÓÏÂ C. diphtheriae ÔÓfl‚ÎflÂÚÒfl
Ô‡‡ÎÓ„ „ÂÌ‡ cg0737 ‚ ÓÔÂÓÌÂ, ÓÚÓÎÓ„Ë˜ÌÓÏ ÓÔÂ-
ÓÌÛ cg0735-cg0737 C. glutamicum (ËÒ. 2‚). äÓÏÂ
ÚÓ„Ó, ‚ „ÂÌÓÏÂ C. glutamicum ÔÓËÁÓ¯Î‡ ‰ÛÔÎËÍ‡-
ˆËfl „ÂÌ‡ ssuD N. farcinica, ÍÓ‰ËÛ˛˘Â„Ó ‡ÎÍ‡ÌÒÛÎ¸-
ÙÓÌ‡Ú-ÏÓÌÓÓÍÒË„ÂÌ‡ÁÛ, Ò Ó·‡ÁÓ‚‡ÌËÂÏ Ô‡‡ÎÓ„Ó‚
ssuD1 Ë ssuD2, ‚˚ÔÓÎÌfl˛˘Ëı, ‚ÂÓflÚÌÓ, ÚÛ ÊÂ
ÙÛÌÍˆË˛. ÉÂÌ ssuD1 ‚ıÓ‰ËÚ ‚ ÒÓÒÚ‡‚ ÓÔÂÓÌ‡ ssu-
ABC-D1, ÓÚ‚Â˜‡˛˘Â„Ó Á‡ ÛÚËÎËÁ‡ˆË˛ ÒÛÎ¸ÙÓÌ‡-
ÚÓ‚. ÉÂÌ ssuD2 ‚ÍÎ˛˜ÂÌ ‚ ÓÔÂÓÌ ÛÚËÎËÁ‡ˆËË
ÒÛÎ¸Ù‡ÚÌ˚ı ˝ÙËÓ‚ seuABC-ssuD1. é·‡ ÓÔÂÓÌ‡
ÔÓÎÌÓÒÚ¸˛ ÛÚ‡˜ÂÌ˚ ‚Ó ‚ÒÂı ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı „Â-
ÌÓÏ‡ı, ÍÓÏÂ N. farcinica, „‰Â, ÔÓÏËÏÓ ·ÂÎÍ‡ „ÂÌ‡
ssuD, ÒÓı‡ÌflÂÚÒfl Ë ÓÚÓÎÓ„ „ÂÌ‡ seuA, ÍÓ‰ËÛ˛-
˘Â„Ó ÙÂÏÂÌÚ ‰ÂÒÛÎ¸ÙÛËÁ‡ˆËË. é·‡ „ÂÌ‡ ÙÓ-
ÏËÛ˛Ú ÓÔÂÓÌ, ‚ ÒÓÒÚ‡‚ ÍÓÚÓÓ„Ó Ú‡ÍÊÂ, ‚ÂÓflÚ-
ÌÓ, ‚ıÓ‰ËÚ „ÂÌ fadE14, ÍÓ‰ËÛ˛˘ËÈ ÔÓÚÂÌˆË‡Î¸-
ÌÛ˛ ‡ˆËÎ-ëoA-‰Â„Ë‰Ó„ÂÌ‡ÁÛ.
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äÓ‚‡ÎÂ‚‡, ÉÂÎ¸Ù‡Ì‰

ÑË‚Â„ÂÌÚÌÓ Í ÓÔÂÓÌÛ ÛÚËÎËÁ‡ˆËË ÒÛÎ¸Ù‡Ú‡
(cysIXHDNYZ) ‡ÒÔÓÎÓÊÂÌ „ÂÌ cysJ/fpr2 (ÒÛÎ¸Ù‡Ú-
Â‰ÛÍÚ‡Á˚), ÍÓÌÒÂ‚‡ÚË‚Ì˚È ‰Îfl ‚ÒÂı ËÒÒÎÂ‰Ó‚‡Ì-
Ì˚ı „ÂÌÓÏÓ‚, ÌÂÒÏÓÚfl Ì‡ ÚÓ, ˜ÚÓ ÓÒÌÓ‚ÌÓÈ ÓÔÂ-
ÓÌ ÏÓÊÂÚ ·˚Ú¸ ÔÓÎÌÓÒÚ¸˛ ÛÚ‡˜ÂÌ (ËÒ. 2‡). çÂ-
Ó·ıÓ‰ËÏÓ ÓÚÏÂÚËÚ¸, ˜ÚÓ Ì‡ ˝‚ÓÎ˛ˆËÓÌÌÓÏ ‰ÂÂ‚Â
(ËÒ. 4) ‚ÒÂ ÓÚÓÎÓ„Ë˜Ì˚Â „ÂÌ˚ ‡ÒÔÓÎÓÊÂÌ˚ Ì‡
Ó‰ÌÓÈ ‚ÂÚ‚Ë, Á‡ ËÒÍÎ˛˜ÂÌËÂÏ „ÂÌ‡ fpr ·ÂÎÍ‡ L. xyli,
ÍÓÚÓ˚È ‡ÒÔÓÎÓÊÂÌ ·ÎËÊÂ Í „ÓÏÓÎÓ„‡Ï ËÁ „ÂÌÓ-
ÏÓ‚ Arthrobacter Ë Brevibacterium. Ç Í‡Ê‰ÓÏ ËÁ ËÒ-
ÒÎÂ‰Ó‚‡ÌÌ˚ı „ÂÌÓÏÓ‚ „ÂÌ ·ÂÎÍ‡ Fpr ÔÂ‰ÒÚ‡‚ÎÂÌ ‚
‚Ë‰Â Ó‰ÌÓÈ ÍÓÔËË, ÚÓ„‰‡ Í‡Í ‚ „ÂÌÓÏ‡ı C. efficiens
Ë C. glutamicum – ‚ ‚Ë‰Â ‰‚Ûı Ô‡‡ÎÓ„Ó‚, fpr1 Ë frp2
(ËÒ. 4). Ç Í‡Ê‰ÓÏ ËÁ ‰‚Ûı „ÂÌÓÏÓ‚ Ó‰ËÌ ËÁ Ô‡‡-
ÎÓ„Ó‚ ‚ıÓ‰ËÚ ‚ ÒÓÒÚ‡‚ ‰Ë‚Â„ÓÌ‡ ÛÚËÎËÁ‡ˆËË ÒÛÎ¸-
Ù‡Ú‡, ‚ÚÓÓÈ ÙÓÏËÛÂÚ ÏÓÌÓˆËÒÚÓÌÌ˚È ÌÂÂ-
„ÛÎËÛÂÏ˚È ÓÔÂÓÌ.

ÑÎfl ÚÓ„Ó ÊÂ ÓÔÂÓÌ‡ ÛÚËÎËÁ‡ˆËË ÒÛÎ¸Ù‡Ú‡
(cysIHDNY) ‚ ‡ÁÌ˚ı ˜‡ÒÚflı „ÂÌÓÏ‡ N. farcinica
ËÏÂ˛ÚÒfl ‰‚Â ‰ÓÔÓÎÌËÚÂÎ¸Ì˚Â Ô‡˚ „ÂÌÓ‚, ÓÚÓÎÓ-

„Ë˜Ì˚ı „ÂÌ‡Ï cysDN, ÍÓ‰ËÛ˛˘ËÏ Äíê-ÒÛÎ¸ÙÛË-
Î‡ÁÛ, ‡ ËÏÂÌÌÓ, „ÂÌ˚ cysD2-N2 Ë nfa33930-nfa33920.
ç‡ ˝‚ÓÎ˛ˆËÓÌÌ˚ı ‰ÂÂ‚¸flı ·ÂÎÍÓ‚ CysN (ËÒ. 5) Ë
CysD (ËÒ. 6) ‚Ë‰ÌÓ, ̃ ÚÓ ·ÎËÊ‡È¯ËÏË „ÓÏÓÎÓ„‡ÏË
„ÂÌÓ‚ ·ÂÎÍÓ‚ ëysD2 Ë ëysN2 Û N. farcinica fl‚Îfl˛Ú-
Òfl ·ÂÎÍË ·‡ÍÚÂËÈ Ó‰‡ Mycobacterium; Ë, ÔÓ ‚ÒÂÈ
‚Ë‰ËÏÓÒÚË, Ô‡‡ „ÂÌÓ‚ cysD2-N2 ‚ „ÂÌÓÏÂ N. farcin-
ica ÔÓfl‚ËÎ‡Ò¸ ‚ÒÎÂ‰ÒÚ‚ËÂ „ÓËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂ-
ÌÓÒ‡ ÓÚ ‰Û„Ëı ·‡ÍÚÂËÈ ÔÓfl‰Í‡ Actinomycetales
(‚ÂÓflÚÌÂÂ ‚ÒÂ„Ó, ÓÚ ·‡ÍÚÂËÈ Ó‰‡ Mycobacteri-
um). ÄÌ‡ÎÓ„Ë˜ÌÓ, ‰Îfl ·ÂÎÍÓ‚, ÍÓ‰ËÛÂÏ˚ı „ÂÌ‡ÏË
nfa33930-nfa33920, ·ÎËÊ‡È¯ËÏË „ÓÏÓÎÓ„‡ÏË fl‚Îfl-
˛ÚÒfl ·ÂÎÍË ÔÓÚÂÓ·‡ÍÚÂËÈ (ËÒ. 5 Ë 6), Ë, ÒÍÓÂÂ
‚ÒÂ„Ó, Ô‡‡ „ÂÌÓ‚ nfa33930-nfa33920 ‚ „ÂÌÓÏÂ N. far-
cinica Ú‡ÍÊÂ ÔÓfl‚ËÎ‡Ò¸ ‚ ÂÁÛÎ¸Ú‡ÚÂ „ÓËÁÓÌÚ‡Î¸-
ÌÓ„Ó ÔÂÂÌÓÒ‡, ÌÓ, ‚ ‰‡ÌÌÓÏ ÒÎÛ˜‡Â, ÓÚ „ÂÌÓÏÓ‚
ÔÓÚÂÓ·‡ÍÚÂËÈ. Ç Ó·ÓËı ÒÎÛ˜‡flı (cysD2-N2 Ë
nfa33930-nfa33920) „ÂÌ˚, ÔÓ-‚Ë‰ËÏÓÏÛ, ÙÓÏËÛ-
˛Ú ÓÔÂÓÌ˚ (Ó Â„ÛÎflˆËË ÒÏ. ÌËÊÂ). îÛÌÍˆËÓ-
Ì‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËfl ÚÂı ÍÓÔËÈ

Fpr Ë Â„Ó ÓÚÓÎÓ„Ë

Fpr1
Fpr2

Bifidobacterium
longum

Anaeromyxobacter
dehalogenans

Rhodopseudomonas
palustris

Mycobacterium
tuberculosis

Frankia sp.

Nocardioides sp.

Mycobacterium leprae

Chloroflexus
aurantiacus

Deinococcus
radiodurans

Thermobifida fusca
Streptomyces avermitilis

Brevibacterium linens Leifsonia xyli

Arthrobacter sp.
Streptomyces coelicolor sp.
Nocardia farcinica

Corynebacterium jeikeium

Corynebacterium diphtheriae
Corynebacterium efficiens

Corynebacterium glutamicumCorynebacterium efficiens
Corynebacterium glutamicum

êËÒ. 4. ù‚ÓÎ˛ˆËÓÌÌÓÂ ‰ÂÂ‚Ó ·ÂÎÍ‡ Fpr. Ç˚‰ÂÎÂÌ‡ ‚ÂÚ‚¸, Ì‡ ÍÓÚÓÓÈ Ì‡ıÓ‰flÚÒfl Fpr C. jeikeium Ë Â„Ó ÓÚÓÎÓ„Ë.

CysN2

CysN

a-ÔÓÚÂÓ·‡ÍÚÂËË

Arthrobacter sp.Brevibacterium
linens

Nocardia farcinica
Rhodococcus erythropolis

Corynebacterium efficiens

Corynebacterium glutamicum

Corynebacterium jeikeium

Streptomyces coelicolor

Streptomyces avermitilis

Nocardia farcinica
Nfa33920

Rhodospirillum rubrum
Paracoccus denitrificans Pseudomonas

fluorescens Chromobacterium
violaceum

Escherichia coli

Erwinia carotovora

Vibrio cholerae

Shewanella putrefaciens

Nitrosomonas eutorpha

Nocardia farcinica cysN2
Mycobacterium tuberculosis

Mycobacterium bovis
Mycobacterium aviumNitrococcus oceani

Nocardioides sp.

êËÒ. 5. ù‚ÓÎ˛ˆËÓÌÌÓÂ ‰ÂÂ‚Ó ·ÂÎÍ‡ CysN. Ç˚‰ÂÎÂÌ˚ ‚ÂÚ‚¸ ÓÚÓÎÓ„Ó‚ ·ÂÎÍÓ‚ CysN Ë CysN2, ·ÂÎÓÍ Nfa33920 Ë Â„Ó ·ÎË-
Ê‡È¯ËÂ „ÓÏÓÎÓ„Ë ËÁ „ÛÔÔ˚ α-ÔÓÚÂÓ·‡ÍÚÂËÈ.
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Äíê-ÒÛÎ¸ÙÛËÎ‡Á˚ ‚ „ÂÌÓÏÂ Ô‡ÚÓ„ÂÌÌÓÈ ·‡ÍÚÂ-
ËË ÌÂ flÒÌÓ.

4. ìÚ‡Ú‡ ÓÚÓÎÓ„Ó‚. èÓÍ‡Á‡ÌÓ ÔÓÎÌÓÂ ÓÚÒÛÚ-
ÒÚ‚ËÂ ÓÚÓÎÓ„Ó‚ ‰Îfl ÒÎÂ‰Û˛˘Ëı „ÂÌÓ‚ C. glutami-
cum: ssuR (Â„ÛÎflÚÓ „ÂÌÓ‚ ÛÚËÎËÁ‡ˆËË ÒÛÎ¸ÙÓÌ‡-
ÚÓ‚ Ë ÒÛÎ¸Ù‡ÚÌ˚ı ˝ÙËÓ‚ [25]), cg3372 (·ÂÎÓÍ Ò
ÌÂËÁ‚ÂÒÚÌÓÈ ÙÛÌÍˆËÂÈ), ssuI (ÙÎ‡‚ËÌÂ‰ÛÍÚ‡Á‡),
seuBC Ë ssuABC (ÒÏ. ‚˚¯Â). åÌÓ„ËÂ ÓÚÓÎÓ„Ë
ÛÚ‡˜ÂÌ˚ ÚÓÎ¸ÍÓ ‚ ÙËÎÓ„ÂÌÂÚË˜ÂÒÍË ·ÓÎÂÂ ‰‡ÎÂ-
ÍËı „ÂÌÓÏ‡ı. í‡Í, ‚ „ÂÌÓÏ‡ı N. farcinica, L. xyli Ë
S. coelicolor ÓÚÒÛÚÒÚ‚Û˛Ú ÓÚÓÎÓ„Ë „ÂÌÓ‚ cysK (‡ˆÂ-
ÚËÎÒÂËÌÎË‡Á‡), cysE (ÒÂËÌ‡ˆÂÚËÎÚ‡ÌÒÙÂ‡Á‡),
aecD (ÒÏ. ‚˚¯Â) Ë brnQ (ÒÏ. ‚˚¯Â) C. glutamicum Ë
ÓÚÓÎÓ„Ë „ÂÌ‡ ywjA C. jeikeium. Ç ‰‡ÎÂÍËı „ÂÌÓÏ‡ı
Ú‡ÍÊÂ ÓÚÒÛÚÒÚ‚ÛÂÚ ÓÚÓÎÓ„ „ÂÌ‡ cg1739 (ÒÏ. ÌËÊÂ).
çÂÍÓÚÓ˚Â ÓÚÓÎÓ„Ë ÛÚ‡˜ÂÌ˚ ÌÂ ÚÓÎ¸ÍÓ ‚ ·ÓÎÂÂ
‰‡ÎÂÍËı „ÂÌÓÏ‡ı, ÌÓ Ú‡ÍÊÂ ‚ „ÂÌÓÏ‡ı ë. diphtheriae
Ë ë. jeikeium, – ̋ ÚÓ ÔÓ˜ÚË ‚ÒÂ „ÂÌ˚ ÓÔÂÓÌ‡, ÓÚÓÎÓ-
„Ë˜ÌÓ„Ó ÓÔÂÓÌÛ cg2674-2680 ë. glutamicum (ÒÏ.
‚˚¯Â), Ë ÓÚÓÎÓ„Ë „ÂÌ‡ cg3132 Ò ÌÂËÁ‚ÂÒÚÌÓÈ
ÙÛÌÍˆËÂÈ. Ç „ÂÌÓÏ‡ı ‚ÒÂı ‰‡ÎÂÍËı Ó„‡ÌËÁÏÓ‚ Ë ‚
C. jeikeium ÓÚÒÛÚÒÚ‚Û˛Ú ÓÚÓÎÓ„Ë „ÂÌ‡ ÔÓÚÂÌˆË-
‡Î¸ÌÓ„Ó Ú‡ÌÒÍËÔˆËÓÌÌÓ„Ó Â„ÛÎflÚÓ‡ cg0156.

ëÂ‰Ë ·ÓÎÂÂ ˜‡ÒÚÌ˚ı ÒÎÛ˜‡Â‚ ÏÓÊÌÓ ÛÔÓÏfl-
ÌÛÚ¸ ÛÚ‡ÚÛ ÓÚÓÎÓ„Ó‚ „ÂÌÓ‚ seuA Ë ssuD (ÒÏ. ‚˚-
¯Â) ‚Ó ‚ÒÂı ËÁÛ˜ÂÌÌ˚ı „ÂÌÓÏ‡ı, ÍÓÏÂ N. farcinica.
í‡ÍÊÂ ÌÂ Ì‡È‰ÂÌ˚ ÓÚÓÎÓ„Ë „ÂÌÓ‚ metX Ë metY ‚
„ÂÌÓÏÂ S. coelicolor, „ÂÌ‡ metB (ˆËÒÚ‡ÚËÓÌËÌ-γ-ÒËÌ-
Ú‡Á‡) ‚ „ÂÌÓÏÂ C. diphtheriae, „ÂÌ‡ metH („ÓÏÓˆË-
ÒÚÂËÌ-ÏÂÚËÎÚ‡ÌÒÙÂ‡Á‡) ‚ „ÂÌÓÏ‡ı C. jeikeium Ë
L. xyli, „ÂÌÓ‚ etfAB (ÙÎ‡‚ÓÔÓÚÂËÌ) ‚ „ÂÌÓÏÂ L. xyli. 

éÚÓÎÓ„Ë „ÂÌ‡ metE („ÓÏÓˆËÒÚÂËÌ-ÏÂÚËÎÚ‡ÌÒ-
ÙÂ‡Á‡) Ë ÓÔÂÓÌ ÛÚËÎËÁ‡ˆËË ÒÛÎ¸Ù‡Ú‡ cysIXHDNYZ
(ËÒ. 2‡) ÔÓÎÌÓÒÚ¸˛ ÛÚ‡˜ÂÌ˚ ‚ „ÂÌÓÏ‡ı C. diph-
theriae Ë L. xyli. Ç ÒÓÒÚ‡‚ ÓÔÂÓÌ‡ cysIXHDNYZ
C. glutamicum ‚ıÓ‰ËÚ „ÂÌ ÍÓÓÚÍÓ„Ó ·ÂÎÍ‡ cysX
(ÔÓÚÂÌˆË‡Î¸ÌÓ Û˜‡ÒÚ‚ÛÂÚ ‚ ÔÂÂÌÓÒÂ ˝ÎÂÍÚÓÌÓ‚
[26]), ÓÚÓÎÓ„Ë ÍÓÚÓÓ„Ó ÒÓı‡Ìfl˛ÚÒfl ‚ „ÂÌÓÏ‡ı
ë. efficiens, C. jeikeium Ë S. coelicolor (ËÒ. 3‡). àÁ
„ÂÌÓÏÓ‚, ÒÓı‡ÌË‚¯Ëı ÓÔÂÓÌ ÛÚËÎËÁ‡ˆËË ÒÛÎ¸-
Ù‡Ú‡, ‚ „ÂÌÓÏÂ S. coelicolor ÓÚÒÛÚÒÚ‚Û˛Ú ÓÚÓÎÓ„Ë

„ÂÌÓ‚ cysYZ (cysY ÔËÌËÏ‡ÂÚ Û˜‡ÒÚËÂ ‚ ·ËÓÒËÌÚÂÁÂ
ÍÓÙ‡ÍÚÓ‡, cysZ – ÔÓÚÂÌˆË‡Î¸Ì‡fl ÒÛÎ¸Ù‡ÚÔÂÏÂ-
‡Á‡ [26]), ‡ ‚ „ÂÌÓÏÂ N. farcinica ÓÚÒÛÚÒÚ‚Û˛Ú ÓÚÓ-
ÎÓ„Ë „ÂÌÓ‚ cysX Ë cysZ.

5. èÓÎÌ‡fl ÍÓÌÒÂ‚‡ÚË‚ÌÓÒÚ¸ ÒÚÛÍÚÛ˚ ÓÔÂÓ-
Ì‡ ‚Ó ‚ÒÂı ËÁÛ˜ÂÌÌ˚ı „ÂÌÓÏ‡ı Ì‡·Î˛‰‡ÂÚÒfl ÚÓÎ¸-
ÍÓ ‚ ÒÎÛ˜‡Â „ÂÌ‡ metK (‡‰ÂÌÓÁËÎÏÂÚËÓÌËÌÒËÌÚ‡-
Á‡), Ë, ‚ÓÁÏÓÊÌÓ, „ÂÌ‡ mcbR (ÒÏ. ÌËÊÂ).

àÒÒÎÂ‰Ó‚‡ÌËÂ Â„ÛÎflÚÓÌ˚ı ÒË„Ì‡ÎÓ‚

ê‡ÌÂÂ ·˚ÎË ÔÂ‰ÒÍ‡Á‡Ì˚ Â„ÛÎflÚÓÌ˚Â ÏÓÚË-
‚˚ ÔÂÂ‰ Ô‡ÍÚË˜ÂÒÍË ‚ÒÂÏË ˜ÎÂÌ‡ÏË Â„ÛÎÓÌ‡
McbR ‚ C. glutamicum, Ë ÌÂÍÓÚÓ˚Â ËÁ ÌËı ÔÓ‰-
Ú‚ÂÊ‰ÂÌ˚ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ [6]. ùÚË ÊÂ ‡‚ÚÓ˚
ÓÔÂ‰ÂÎËÎË ÍÓÌÒÂÌÒÛÒ Ô‡ÎËÌ‰ÓÏÌÓ„Ó Ò‡ÈÚ‡ Ò‚fl-
Á˚‚‡ÌËfl Â„ÛÎflÚÓ‡ ‚Ë‰‡ TAGAC-N6-GTCTA. àÒ-
ÔÓÎ¸ÁÛfl ÔÓËÒÍ ÔÓ ÍÓÌÒÂÌÒÛÒÛ, Ï˚ ÔÓ‰Ú‚Â‰ËÎË
ÔÂ‰ÒÍ‡Á‡ÌËÂ Â„ÛÎflÚÓÌ˚ı ÒË„Ì‡ÎÓ‚ ÔÂÂ‰ ÙÂ-
ÏÂÌÚ‡ÏË, Û˜‡ÒÚ‚Û˛˘ËÏË ‚ ·ËÓÒËÌÚÂÁÂ ÏÂÚËÓÌËÌ‡,
Ë Ì‡ ÓÒÌÓ‚‡ÌËË ÔÂ‰ÒÍ‡Á‡ÌÌ˚ı Ë ÔÓ‰Ú‚ÂÊ‰ÂÌÌ˚ı
˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ÒË„Ì‡ÎÓ‚ ÒÓÒÚ‡‚ËÎË Ó·Û˜‡˛-
˘Û˛ ‚˚·ÓÍÛ Ë ÔÓÒÚÓËÎË Ï‡ÚËˆÛ ‰Îfl ÔÓËÒÍ‡
Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl McbR.

àÒÒÎÂ‰Ó‚‡ÌËÂ Â„ÛÎflÚÓÌ˚ı ÒË„Ì‡ÎÓ‚
‚ „ÂÌÓÏ‡ı Ó‰‡ Corynebacterium

Ç „ÂÌÓÏ‡ı Ó‰‡ Corynebacterium ÔÓ‚Ó‰ËÎË ÔÓ-
ËÒÍ Ò‡ÈÚÓ‚ Ò ‚ÂÒÓÏ ‚˚¯Â ÔÓÓ„Ó‚Ó„Ó ÁÌ‡˜ÂÌËfl 4.1.
ÇÒÂ Ì‡È‰ÂÌÌ˚Â ÔÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl
McbR ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ Ú‡·ÎËˆÂ.

Ç „ÂÌÓÏÂ C. glutamicum, ÔÓÏËÏÓ ÛÊÂ ÔÂ‰ÒÍ‡Á‡Ì-
Ì˚ı [6] ÒË„Ì‡ÎÓ‚, Ó·Ì‡ÛÊÂÌ ÌÓ‚˚È ÔÓÚÂÌˆË‡Î¸Ì˚È
Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl McbR – ÔÂÂ‰ „ÂÌÓÏ cg1739, ÍÓ‰Ë-
Û˛˘ËÏ ·ÂÎÓÍ Ò ÍÓÌÒÂ‚‡ÚË‚Ì˚Ï ‰ÓÏÂÌÓÏ „ÎÛÚ‡-
ÏËÌ-‡ÏË‰ÓÚ‡ÌÒÙÂ‡Á˚. éÚÓÎÓ„Ë ‰‡ÌÌÓ„Ó ·ÂÎÍ‡
ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚Ó ‚ÒÂı „ÂÌÓÏ‡ı Ó‰‡ Corynebacterium
Ë ÓÚÒÛÚÒÚ‚Û˛Ú ‚ ·ÓÎÂÂ ÙËÎÓ„ÂÌÂÚË˜ÂÒÍË ‰‡ÎÂÍËı
Ó„‡ÌËÁÏ‡ı. èÂÂ‰ ‚ÒÂÏË ÓÚÓÎÓ„‡ÏË ̋ ÚÓ„Ó ·ÂÎÍ‡
ËÏÂÂÚÒfl Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl Ò ‚ÂÒÓÏ ‚˚¯Â Á‡‰‡ÌÌÓ„Ó

CysD

CysD2

g-ÔÓÚÂÓ·‡ÍÚÂËË

Rhodococcus erythropolis

Nocardia farcinica

Streptomyces coelicolor

Streptomyces avermitilis

Corynebacterium glutamicum
Corynebacterium efficiens

Corynebacterium jeikeium

Brevibacterium
linens

Arthrobacter sp.

Rhodococcus sp.
Nocardia farcinica

Mycobacterium
tuberculosis

Mycobacterium avium

Frankia sp. Nocardioides sp.

Nitrosococcus oceani

Vibrio vulnificus
Vibrio fischeri

Klebsiella erogenes

Yersinia pestis

Pseudomonas putida

Nocardia farcinica
Nfa33930

Bordetella petrussis Burkholderia mallei
Ralstonia eutropha

Nitrosomonas europaea
Nitrosospira multiformis

êËÒ. 6. ù‚ÓÎ˛ˆËÓÌÌÓÂ ‰ÂÂ‚Ó CysD. Ç˚‰ÂÎÂÌ˚ ‚ÂÚ‚¸ ÓÚÓÎÓ„Ó‚ ·ÂÎÍÓ‚ CysD Ë CysD2, ·ÂÎÓÍ Nfa33930 Ë Â„Ó ·ÎËÊ‡È-
¯ËÂ „ÓÏÓÎÓ„Ë ËÁ „ÛÔÔ˚ γ-ÔÓÚÂÓ·‡ÍÚÂËÈ.
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äÓ‚‡ÎÂ‚‡, ÉÂÎ¸Ù‡Ì‰

ÔÓÓ„Ó‚Ó„Ó ÁÌ‡˜ÂÌËfl (Ú‡·ÎËˆ‡). í‡ÍËÏ Ó·‡ÁÓÏ,
ÒÓ„Î‡ÒÌÓ ÏÂÚÓ‰Û ÔÓˆÂ‰Û˚ ÔÓ‚ÂÍË ÒÓÓÚ‚ÂÚ-
ÒÚ‚Ëfl, „ÂÌ cg1739 fl‚ÎflÂÚÒfl ÌÓ‚˚Ï ÔÓÚÂÌˆË‡Î¸Ì˚Ï
˜ÎÂÌÓÏ Â„ÛÎÓÌ‡ McbR. äÓÒ‚ÂÌÌ˚Ï ˝ÍÒÔÂËÏÂÌ-
Ú‡Î¸Ì˚Ï ÔÓ‰Ú‚ÂÊ‰ÂÌËÂÏ ˝ÚÓ„Ó ÔÂ‰ÒÍ‡Á‡ÌËfl fl‚-
ÎflÂÚÒfl ÚÓ, ˜ÚÓ ‚ ‰ÂÎÂˆËÓÌÌÓÏ mcbR-ÏÛÚ‡ÌÚÂ
C. glutamicum ÔÓËÒıÓ‰ËÚ ‡ÍÚË‚‡ˆËfl ˝ÍÒÔÂÒÒËË
˝ÚÓ„Ó „ÂÌ‡ [6].

ÄÌ‡ÎËÁËÛfl ‰Û„ËÂ „ÂÌÓÏ˚ Ó‰‡ Corynebacteri-
um, Ï˚ Ú‡ÍÊÂ ÒÏÓ„ÎË ÔÂ‰ÒÍ‡Á‡Ú¸ ÔÓfl‚ÎÂÌËÂ ÔÂ-
Â‰ ÓÒÌÓ‚ÌÓÈ ˜‡ÒÚ¸˛ Â„ÛÎËÛÂÏ˚ı ÓÚÓÎÓ„Ó‚ „Â-
ÌÓ‚ C. glutamicum ÔÓÚÂÌˆË‡Î¸Ì˚ı Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡-
ÌËfl Â„ÛÎflÚÓ‡ McbR (Ú‡·ÎËˆ‡). í‡Í, ÒË„Ì‡Î
ÒÓı‡ÌflÂÚÒfl ÔÂÂ‰ ‚ÒÂÏË Ì‡È‰ÂÌÌ˚ÏË ‚ ˝ÚËı „ÂÌÓ-

Ï‡ı ÓÚÓÎÓ„‡ÏË „ÂÌÓ‚ metK, metH, metE, metB, cysK
Ë cg3132 Ë ÔÂÂ‰ „ÂÌ‡ÏË ‰Ë‚Â„ÓÌ‡ cg2674-cg2680.

é‰Ì‡ÍÓ ËÌÓ„‰‡, ‰‡ÊÂ ‚ ·ÎËÁÍËı „ÂÌÓÏ‡ı Ó‰‡
Corynebacterium, Â„ÛÎflÚÓÌ˚Â ÒË„Ì‡Î˚ ÓÚÒÛÚ-
ÒÚ‚Û˛Ú ÔÂÂ‰ ÓÚÓÎÓ„Ë˜Ì˚ÏË „ÂÌ‡ÏË. í‡Í, ÓÔÂ-
ÓÌ hom-thrB, Â„ÛÎËÛÂÏ˚È ‚ C. glutamicum, ËÏÂ-
ÂÚ ÔÓÚÂÌˆË‡Î¸Ì˚Â ÒË„Ì‡Î˚ ÔÂÂ‰ „ÓÏÓÎÓ„Ë˜Ì˚-
ÏË ÓÔÂÓÌ‡ÏË ÚÓÎ¸ÍÓ ‚ „ÂÌÓÏ‡ı C. efficiens Ë
C. jeikeium, ÌÓ ÌÂ ‚ C. diphtheriae (ËÒ. 2‰). Ç ÒÎÛ˜‡Â
„ÂÌ‡ cg0156 ÒËÚÛ‡ˆËfl Ó·‡ÚÌ‡fl: ÓÚÓÎÓ„ ‰‡ÌÌÓ„Ó
„ÂÌ‡ ‚ „ÂÌÓÏÂ C. diphtheriae ÒÓı‡ÌflÂÚ Ò‡ÈÚ Ò‚flÁ˚-
‚‡ÌËfl Â„ÛÎflÚÓ‡, ÚÓ„‰‡ Í‡Í ÓÚÓÎÓ„ ‚ C. effici-
ens – ÌÂÚ (Ú‡·ÎËˆ‡). Ç ÒÎÛ˜‡Â ÓÔÂÓÌ‡ etfAB Â„Û-
ÎflˆËfl ÒÓı‡ÌflÂÚÒfl ÚÓÎ¸ÍÓ ÔÂÂ‰ ÓÚÓÎÓ„Ë˜Ì˚Ï
ÓÔÂÓÌÓÏ ‚ „ÂÌÓÏÂ C. efficiens.

èÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ Ò‚flÁ˚‚‡ÌËfl McbR ÔÂÂ‰ „ÂÌ‡ÏË ÔÛÚË ·ËÓÒËÌÚÂÁ‡ ÏÂÚËÓÌËÌ‡ C. glutamicum Ë Ëı ÓÚÓÎÓ„‡ÏË
‚ Ó‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏ‡ı

ÉÂÌ ë‡ÈÚ Ò‚flÁ˚‚‡ÌËfl ÉÂÌÓÏ ÉÂÌ ë‡ÈÚ Ò‚flÁ˚‚‡ÌËfl ÉÂÌÓÏ

hom T g a A C A G c T t g G T C T A C. glutamicum cysI-CysJ T AGAC c GA T C T G T C T A C. glutamicum
T g a A C A G c T t g G T C T A C. efficiens c AGAC c a A g C g G T C T A

T g G A C A G c T t T G T C T A C. jeikeium c AGAC c a A g C g G T C T A C. efficiens
metY T A G A C c a A g C T G T t c A C. glutamicum T AGAC A a t T C T G T C T g

T A G A C c G A T C g G T t T c C. diphtheriae T AGAC A a c T C T G T C T A C. jeikeium
T A G A C c G A g C g G T t c A C. efficiens T AGAC t GA T C T G T C T g

T A G A C A G A g C g G T t T A C. jeikeium cysH T g GAC AGA T t g G T C T A C. jeikeium
metX T A G A C A G A g C T G T C c A C. glutamicum CE2636 T AGAC t a A a t T G T C T A C. diphtheriae

T A G A C A G A g C T G T C c A C. diphtheriae ssuI T AGAC t GA a t T G T C T A C. glutamicum
metB T g G A C A G c T t g G T C T A C. glutamicum seuA T AGAC A a A g a T G T C T A C. glutamicum

T g G A C A G c T t g G T C T A C. efficiens ssuD1 T AGAC A t c T C g G T C T A C. glutamicum
T A G A C t G c T t g G T C T A C. jeikeium cg0737 T AGAC c a A g C T G T a c A C. glutamicum

metE c A G A C c G A g C a G T C T A C. glutamicum T AGAC c GA g C T G T a c A C. diphtheriae
c A G A C c a t g C T G T C T g C. efficiens T AGAC c GA g C T G T a c A C. efficiens
c A G A C t a A g C T G T C T A C. jeikeium T AGAC t a A g t T G T t c A C. jeikeium

metH c g t A C t a A g C T G T C T A C. glutamicum DIP0611 T AGAC A a A g C T G T a c A C. diphtheriae
c A t A C t a A g C T G T C T A C. diphtheriae cg2678-79 T A t AC c GA T C a G T C T A C. glutamicum
c g t A C t a A g C T G T C T A C. efficiens T AGAC AGA T t g G T C T A C. efficiens

metK T A G A C A G c T t g G T C T A C. glutamicum mcbR c g a AC c G g T t T G T C T A C. glutamicum
T A G A C A G c T t g G T C T A C. diphtheriae T AGAC t GA T C T G T t c A C. diphtheriae
T A G A C A G c T t g G T C T A C. efficiens c g a AC c G g T t T G T C T A C. efficiens
c A G A C A G c T t g G T C T A C. jeikeium T AGAC c G g T C T G T C T A N. farcinica

Cg3372 T A G A C A G c a t g G T C T A C. glutamicum cg3132 T AGAC t a t g C a G T C T A C. glutamicum
etfB T A G A C t G g T t T G T C T g C. glutamicum T AGAC A a t T C T G T C T g C. efficiens

T A G A C t G t T C T G T C T A C. efficiens cg1739 T AGAC t a A g C g G T a T g C. glutamicum
Cg0156 T A G A C A G c g t T G T C T A C. glutamicum T AGAC A a A g t a G T C T A C. diphtheriae

T A G A C A a g c t g G T C T A C. glutamicum T AGAC t a A g C g G T a T g C. efficiens
aecD T A G A C A G c T C T G T C T A C. jeikeium T AGAC c a A g C g G T C T g C. jeikeium

èËÏÂ˜‡ÌËÂ. ç‡ËÏÂÌÓ‚‡ÌËfl „ÂÌÓ‚ Ë ÓÚÓÎÓ„Ó‚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú Ì‡Á‚‡ÌËflÏ „ÂÌÓ‚ ‚ „ÂÌÓÏÂ C. glutamicum, Á‡ ËÒÍÎ˛˜ÂÌËÂÏ
DIP0611 C. diphtheriae, Û ÍÓÚÓÓ„Ó ÓÚÒÛÚÒÚ‚ÛÂÚ ÓÚÓÎÓ„ ‚ „ÂÌÓÏÂ C. glutamicum, Ë ÓÚÓÎÓ„‡ „ÂÌ‡ CE2636 ë. efficiens ‚ C. diph-
theriae.
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ä ·ÓÎÂÂ ̃ ‡ÒÚÌ˚Ï ÒÎÛ˜‡flÏ ÓÚÌÓÒËÚÒfl Â„ÛÎflˆËfl
„ÂÌÓ‚ „ÓÏÓÒÂËÌ-‡ˆÂÚËÎÚ‡ÌÒÙÂ‡Á˚ (metX) Ë
‡ˆÂÚËÎ„ÓÏÓÒÂËÌÎË‡Á˚ (metY). ùÚË „ÂÌ˚ ‚ „ÂÌÓÏÂ
C. glutamicum ‡ÒÔÓÎÓÊÂÌ˚ Ú‡Ì‰ÂÏÌÓ, ÌÓ ‡Á‰ÂÎÂ-
Ì˚ ÔÓÚÂÌˆË‡Î¸Ì˚Ï Rho-ÌÂÁ‡‚ËÒËÏ˚Ï ÚÂÏËÌ‡ÚÓ-
ÓÏ [6], Ë ÔÂÂ‰ Í‡Ê‰˚Ï ËÁ ˝ÚËı „ÂÌÓ‚ Ì‡ıÓ‰ËÚÒfl
Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl McbR. Ç „ÂÌÓÏÂ C. diphtheriae ̋ ÚË
„ÂÌ˚ ÙÓÏËÛ˛Ú ÏÓÌÓˆËÒÚÓÌÌ˚Â ÓÔÂÓÌ˚, ‡Á-
ÌÂÒÂÌÌ˚Â ÔÓ „ÂÌÓÏÛ, ÔÂÂ‰ Í‡Ê‰˚Ï ËÁ „ÂÌÓ‚ ÒÓ-
ı‡ÌflÂÚÒfl Â„ÛÎflÚÓÌ˚È ÒË„Ì‡Î (Ú‡·ÎËˆ‡). Ç „Â-
ÌÓÏ‡ı C. efficiens Ë C. jeikeium ËÏÂÂÚÒfl ÛÊÂ Â‰ËÌ˚È
Â„ÛÎËÛÂÏ˚È ·ËˆËÒÚÓÌÌ˚È ÓÔÂÓÌ metYX, ‡
Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl McbR Ì‡ıÓ‰ËÚÒfl ÔÂÂ‰ ÔÂ‚˚Ï
„ÂÌÓÏ ÓÔÂÓÌ‡, metY (ËÒ. 2„).

Ç „ÂÌÓÏÂ C. diphtheriae ÔÂÂ‰ ÓÔÂÓÌÓÏ
DIP0608-DIP0610, „ÓÏÓÎÓ„Ë˜Ì˚Ï ÓÔÂÓÌÛ cg0735-
cg0737 C. glutamicum, ÔÓfl‚ÎflÂÚÒfl Ô‡‡ÎÓ„ „ÂÌ‡
DIP0610 – „ÂÌ DIP0611, ÍÓÚÓ˚È Ó·‡ÁÛÂÚ ÌÂÁ‡‚Ë-
ÒËÏ˚È ÏÓÌÓˆËÒÚÓÌÌ˚È ÓÔÂÓÌ. ë‡ÈÚ˚ Ò‚flÁ˚‚‡-
ÌËfl Â„ÛÎflÚÓ‡ ‡ÒÔÓÎÓÊÂÌ˚ ÔÂÂ‰ ‚ÒÂÏË ÓÚÓÎÓ-
„‡ÏË „ÂÌ‡ cg0737 ‚ „ÂÌÓÏ‡ı Ó‰‡ Corynebacterium, ‡
Ú‡ÍÊÂ ÔÂÂ‰ „ÂÌÓÏ DIP0611 (ËÒ. 2‚; Ú‡·ÎËˆ‡).

ÑÎfl Ú‡ÌÒÍËÔˆËÓÌÌÓ„Ó Â„ÛÎflÚÓ‡ McbR ·˚-
Î‡ ÔÂ‰ÒÍ‡Á‡Ì‡ Ë ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ÔÓ‰Ú‚ÂÊ‰Â-
Ì‡ ‡‚ÚÓÂ„ÛÎflˆËfl [6]. éÚÓÎÓ„Ë Â„ÛÎflÚÓ‡ ‚ „Â-
ÌÓÏ‡ı Ó‰‡ Corynebacterium ËÏÂ˛ÚÒfl ‚ „ÂÌÓÏÂ
ë. diphtheriae Ë ÛÚ‡˜Ë‚‡˛ÚÒfl ‚ „ÂÌÓÏÂ C. jeikeium.
Ç „ÂÌÓÏÂ C. efficiens ÔÂÂ‰ „ÂÌÓÏ mcbR ËÏÂÂÚÒfl
ÔÂ‰ÒÍ‡Á‡ÌÌ‡fl Ú‡Ì‰ÂÏÌ‡fl, ÔÂÂÍ˚‚‡˛˘‡flÒfl Ò
ÌËÏ Ì‡ 28 Ô.Ì., ÍÓÓÚÍ‡fl ÓÚÍ˚Ú‡fl ‡ÏÍ‡ Ò˜ËÚ˚-
‚‡ÌËfl, ÍÓ‰ËÛ˛˘‡fl „ËÔÓÚÂÚË˜ÂÒÍËÈ ·ÂÎÓÍ ËÁ
57 ‡.Ó. èË ˝ÚÓÏ ÔÓÚÂÌˆË‡Î¸Ì˚È Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl
McbR ‡ÒÔÓÎÓÊÂÌ ‚ Â„ÛÎflÚÓÌÓÈ Ó·Î‡ÒÚË ˝ÚÓ„Ó
„ËÔÓÚÂÚË˜ÂÒÍÓ„Ó „ÂÌ‡. é‰Ì‡ÍÓ ÌÂ ÒÛ˘ÂÒÚ‚ÛÂÚ ÌË
Ó‰ÌÓ„Ó ÓÚÓÎÓ„‡ ˝ÚÓ„Ó „ËÔÓÚÂÚË˜ÂÒÍÓ„Ó ·ÂÎÍ‡
ÒÂ‰Ë ‚ÒÂı ·ÂÎÍÓ‚ ÉÂÌÅ‡ÌÍ‡ [20], Ë, ‚ÓÁÏÓÊÌÓ, ÓÌ
fl‚ÎflÂÚÒfl ÂÁÛÎ¸Ú‡ÚÓÏ ÌÂÚÓ˜ÌÓ„Ó ÔÂ‰ÒÍ‡Á‡ÌËfl
ÔË Í‡ÚËÓ‚‡ÌËË „ÂÌÓÏ‡ C. efficiens. ÖÒÎË ˝ÚÓ
Ú‡Í, ÚÓ ÓÔÂÓÌ mcbR ÔÓÎÌÓÒÚ¸˛ ÍÓÌÒÂ‚‡ÚË‚ÂÌ ‚Ó
‚ÒÂı ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı „ÂÌÓÏ‡ı, Ë Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl
Â„ÛÎflÚÓ‡ ‚ „ÂÌÓÏÂ C. efficiens ‡ÒÔÓÎÓÊÂÌ Ì‡
‡ÒÒÚÓflÌËË –143 Ô.Ì. ÓÚ ÚÓ˜ÍË ÒÚ‡Ú‡ Ú‡ÌÒÍËÔ-
ˆËË „ÂÌ‡ mcbR.

Ç˚¯Â ÓÔËÒ‡Ì˚ ÓÔÂÓÌÌ˚Â ÔÂÂÒÚÓÈÍË ÓÚÓ-
ÎÓ„Ó‚, ı‡‡ÍÚÂÌ˚Â ‰Îfl ÓÚÓÎÓ„Ó‚ „ÂÌÓ‚ aecD,
brnQ Ë ÏÓÌÓÓÍÒË„ÂÌ‡Á˚ C. glutamicum, ‡ Ú‡ÍÊÂ Ó-
ÚÓÎÓ„Ó‚ „ÂÌ‡ ywjA ë. jeikeium (ËÒ. 2·). Ç „ÂÌÓÏ‡ı
C. glutamicum, C. diphtheriae Ë C. efficiens ‚ÒÂ ˝ÚË
„ÂÌ˚ (Ë Ëı ÓÚÓÎÓ„Ë) ÌÂ Â„ÛÎËÛ˛ÚÒfl McbR. Ç „Â-
ÌÓÏÂ C. jeikeium „ÂÌ˚, ÍÓ‰ËÛ˛˘ËÂ ÏÓÌÓÓÍÒË„Â-
Ì‡ÁÛ Ë ·ÂÎÓÍ „ÂÌ‡ brnQ, Ó·‡ÁÛ˛Ú ‰‚‡ ÌÂÂ„ÛÎËÛ-
ÂÏ˚ı ÏÓÌÓˆËÒÚÓÌÌ˚ı ÓÔÂÓÌ‡, ÚÓ„‰‡ Í‡Í „ÂÌ˚
aecD, ywjA Ë ÓÚÓÎÓ„ „ÂÌ‡ cg2680 ë. glutamicum Ì‡-
ıÓ‰flÚÒfl ‚ Â‰ËÌÓÏ, ÔÓÚÂÌˆË‡Î¸ÌÓ Â„ÛÎËÛÂÏÓÏ
ÓÔÂÓÌÂ: ÔÂÂ‰ „ÂÌÓÏ aecD Ì‡ıÓ‰ËÚÒfl ÔÂ‰ÒÍ‡Á‡Ì-
Ì˚È Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl McbR (ËÒ. 2·; Ú‡·ÎËˆ‡).

ÑË‚Â„ÓÌ˚, „ÓÏÓÎÓ„Ë˜Ì˚Â ‰Ë‚Â„ÓÌÛ ÛÚËÎËÁ‡-
ˆËË ÒÛÎ¸Ù‡Ú‡ cysJIXHDNZY C. glutamicum, ÒÓı‡Ìfl-

˛Ú Â„ÛÎflˆË˛ ÒÓ ÒÚÓÓÌ˚ McbR ‚ „ÂÌÓÏ‡ı C. effi-
ciens Ë C. jeikeium, ‚ ÍÓÚÓ˚ı ˝ÚÓÚ ‰Ë‚Â„ÓÌ ÒÓı‡-
ÌËÎÒfl (ËÒ. 2‡). ëÚÛÍÚÛ‡ ÓÔÂÓÌ‡ ÍÓÌÒÂ‚‡ÚË‚Ì‡
‚Ó ‚ÒÂı ÚÂı „ÂÌÓÏ‡ı, Ó‰Ì‡ÍÓ ÏÂÊ„ÂÌÌ˚Â ‡ÒÒÚÓfl-
ÌËfl ÓÚÎË˜‡˛ÚÒfl. Ç „ÂÌÓÏ‡ı C. glutamicum Ë C. effi-
ciens ‡ÒÒÚÓflÌËÂ ÏÂÊ‰Û „ÂÌ‡ÏË cysX Ë cysH ÒÓÒÚ‡‚-
ÎflÂÚ 3 Ô.Ì., ÚÓ„‰‡ Í‡Í ‚ „ÂÌÓÏÂ C. jeikeium – 247 Ô.Ì.
íÓ, ˜ÚÓ „ÂÌ˚ cysHDNYZ Ó·‡ÁÛ˛Ú Ò‡ÏÓÒÚÓflÚÂÎ¸-
Ì˚È ÓÔÂÓÌ, ÔÓ‰Ú‚ÂÊ‰‡ÂÚÒfl Ì‡ÎË˜ËÂÏ ÔÂÂ‰ „Â-
ÌÓÏ cysH ÔÓÚÂÌˆË‡Î¸ÌÓ„Ó Ò‡ÈÚ‡ Ò‚flÁ˚‚‡ÌËfl McbR
(ËÒ. 2‡; Ú‡·ÎËˆ‡). íÂÏ Ò‡Ï˚Ï, „ÂÌ˚ ÛÚËÎËÁ‡ˆËË
ÒÛÎ¸Ù‡Ú‡ ‚ C. jeikeium Ó·‡ÁÛ˛Ú ‰Ë‚Â„ÓÌ cysJIX Ë
ÓÔÂÓÌ cysHDNYZ.

ä‡Í ÛÊÂ ÛÔÓÏËÌ‡ÎÓÒ¸, ‚ „ÂÌÓÏÂ C. efficiens ÓÔÂ-
ÓÌ cysIXHDNZY ‚ÍÎ˛˜‡ÂÚ ‰‚‡ ‰ÓÔÓÎÌËÚÂÎ¸Ì˚ı
˜ÎÂÌ‡, ÍÓ‰ËÛ˛˘Ëı ‡ÎÍ‡ÌÒÛÎ¸ÙÓÌ‡Ú-ÏÓÌÓÓÍÒË-
„ÂÌ‡ÁÛ (ëÖ2637) Ë ÏÂÚËÎÚËÓ‡‰ÂÌÓÁËÌ-ÌÛÍÎÂÓÁË‰‡-
ÁÛ (ëÖ2636). ÉÂÌ ·ÂÎÍ‡ ëÖ2637 ÌÂ ËÏÂÂÚ ÓÚÓÎÓ-
„Ó‚ ÌË ‚ Ó‰ÌÓÏ ËÁ ‡ÒÒÏ‡ÚË‚‡ÂÏ˚ı „ÂÌÓÏÓ‚ (ÒÏ.
‚˚¯Â). éÚÓÎÓ„Ë „ÂÌ‡ ·ÂÎÍ‡ ëÖ2636 ÔËÒÛÚÒÚ‚Û-
˛Ú ‚ „ÂÌÓÏ‡ı C. glutamicum Ë C. diphtheriae ‚ ‚Ë‰Â
ÏÓÌÓˆËÒÚÓÌÌ˚ı ÓÔÂÓÌÓ‚, ÔË˜ÂÏ ÔÂÂ‰ ÓÚÓ-
ÎÓ„ÓÏ ‚ „ÂÌÓÏÂ C. diphtheriae Ì‡ıÓ‰ËÚÒfl Ò‡ÈÚ Ò‚fl-
Á˚‚‡ÌËfl McbR (ËÒ. 2‡; Ú‡·ÎËˆ‡). êÂ„ÛÎflÚÓÌ‡fl Ó·-
Î‡ÒÚ¸ ÔÂÂ‰ ÓÚÓÎÓ„Ë˜Ì˚Ï „ÂÌÓÏ ‚ „ÂÌÓÏÂ
C. glutamicum Ú‡ÍÊÂ ÒÓ‰ÂÊËÚ ÔÓÚÂÌˆË‡Î¸Ì˚È
Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl, ÌÓ ‚ÂÒ ‰‡ÌÌÓ„Ó ÒË„Ì‡Î‡ ÌËÊÂ Á‡-
‰‡ÌÌÓ„Ó ÔÓÓ„Ó‚Ó„Ó ÁÌ‡˜ÂÌËfl Ë ÒÓÒÚ‡‚ÎflÂÚ 3.79.
í‡ÍËÏ Ó·‡ÁÓÏ, ÔËÌ‡‰ÎÂÊÌÓÒÚ¸ „ÂÌ‡ ·ÂÎÍ‡
ëÖ2636p Í Â„ÛÎÓÌÛ McbR fl‚ÎflÂÚÒfl ‚ÂÒ¸Ï‡ „ËÔÓ-
ÚÂÚË˜ÂÒÍÓÈ, ıÓÚfl Ë Á‡ÒÎÛÊË‚‡˛˘ÂÈ ˝ÍÒÔÂËÏÂÌ-
Ú‡Î¸ÌÓÈ ÔÓ‚ÂÍË.

àÒÒÎÂ‰Ó‚‡ÌËÂ Â„ÛÎflÚÓÌ˚ı ÒË„Ì‡ÎÓ‚ 
‚ ‰‡ÎÂÍËı „ÂÌÓÏ‡ı 

å‡ÚËˆ‡ ÔÓÁËˆËÓÌÌ˚ı ‚ÂÒÓ‚, ÒÓÁ‰‡ÌÌ‡fl Ì‡ ÓÒ-
ÌÓ‚Â Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl McbR ‚ „ÂÌÓÏÂ C. glu-
tamicum, ÔÓÁ‚ÓÎflÂÚ ÔÓ‚Ó‰ËÚ¸ ÔÓËÒÍ Â„ÛÎflÚÓ-
Ì˚ı Ò‡ÈÚÓ‚ ‚ „ÂÌÓÏ‡ı Ó‰‡ Corynebacterium. é‰Ì‡-
ÍÓ ÔË ÔÓËÒÍÂ ÒË„Ì‡ÎÓ‚ ‚ ·ÓÎÂÂ ÙËÎÓ„ÂÌÂÚË˜ÂÒÍË
‰‡ÎÂÍËı „ÂÌÓÏ‡ı ˝Ú‡ Ï‡ÚËˆ‡ Ì‡ıÓ‰ËÚ ÚÓÎ¸ÍÓ
Ó‰ËÌ ÒËÎ¸Ì˚È Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl Â„ÛÎflÚÓ‡ (‚ÂÒ
Ò‡ÈÚ‡ 5.02) ÔÂÂ‰ „ÂÌ‡ÏË ËÒÒÎÂ‰ÛÂÏÓ„Ó ÏÂÚ‡·ÓÎË-
˜ÂÒÍÓ„Ó ÔÛÚË, – Ò‡ÈÚ ‡‚ÚÓÂ„ÛÎflˆËË mcbR ‚ „ÂÌÓÏÂ
N. farcinica (Ú‡·ÎËˆ‡). ÇÒÂ ÓÒÚ‡Î¸Ì˚Â „ÂÌ˚ ÔÛÚË
·ËÓÒËÌÚÂÁ‡ ÏÂÚËÓÌËÌ‡ ‚ ˝ÚËı „ÂÌÓÏ‡ı ËÏÂ˛Ú ÒË„-
Ì‡Î˚ ÒÓ ÒÎË¯ÍÓÏ ÒÎ‡·˚Ï ‚ÂÒÓÏ (ÏÂÌ¸¯Â 3.0).
ÇÓÁÏÓÊÌÓÂ Ó·˙flÒÌÂÌËÂ ˝ÚÓÏÛ Ì‡·Î˛‰ÂÌË˛ ÏÓ-
ÊÂÚ ÒÓÒÚÓflÚ¸ ‚ ÚÓÏ, ˜ÚÓ Û Â„ÛÎflÚÓ‡ ÏÓ„ ËÁÏÂ-
ÌËÚ¸Òfl Ñçä-Ò‚flÁ˚‚‡˛˘ËÈ ‰ÓÏÂÌ Ë, ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÂÌÌÓ, ‡ÒÔÓÁÌ‡‚‡ÂÏ˚È ËÏ ÒË„Ì‡Î. ÑÎfl ÔÓËÒÍ‡
ÒË„Ì‡Î‡, ÒÔÂˆËÙË˜ÌÓ„Ó ‰Îfl ·ÓÎÂÂ ‰‡ÎÂÍËı „ÂÌÓ-
ÏÓ‚, ‚ ÒÎÛ˜‡Â Í‡Ê‰Ó„Ó „ÂÌÓÏ‡ ÔÓ‚ÂflÎË ÒÎÂ‰Û˛-
˘ËÂ ÔÂ‰ÔÓÎÓÊÂÌËfl.

èÂ‚ÓÂ ËÁ ÌËı – ‚ÓÁÏÓÊÌÓÒÚ¸ ÌÂ·ÓÎ¸¯Ó„Ó ËÁ-
ÏÂÌÂÌËfl ÒË„Ì‡Î‡. å˚ ÔÓÔ˚Ú‡ÎËÒ¸ ÔÓÒÚÓËÚ¸ ÌÓ-
‚Û˛ Ï‡ÚËˆÛ Ì‡ ÓÒÌÓ‚‡ÌËË ‚˚·ÓÍË ÚÂı ÒÎ‡·˚ı
Ò‡ÈÚÓ‚, ÍÓÚÓ˚Â ‡ÒÔÓÁÌ‡‚‡Î‡ ËÒıÓ‰Ì‡fl Ï‡ÚËˆ‡.
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äÓ‚‡ÎÂ‚‡, ÉÂÎ¸Ù‡Ì‰

ÇÚÓÓÂ ÔÂ‰ÔÓÎÓÊÂÌËÂ – ‚ÓÁÏÓÊÌÓÒÚ¸ ÁÌ‡˜ËÚÂÎ¸-
ÌÓ„Ó ËÁÏÂÌÂÌËfl ÒË„Ì‡Î‡. ì˜ËÚ˚‚‡fl ÔËÌ‡‰ÎÂÊ-
ÌÓÒÚ¸ McbR Í TetR-ÒÂÏÂÈÒÚ‚Û Ú‡ÌÒÍËÔˆËÓÌÌ˚ı
Â„ÛÎflÚÓÓ‚, Ï˚ ÔÂ‰ÔÓÎÓÊËÎË, ˜ÚÓ ÒÚÛÍÚÛ‡
ÒË„Ì‡Î‡ ÓÒÚ‡Î‡Ò¸ Ô‡ÎËÌ‰ÓÏÌÓÈ. å˚ Ô˚Ú‡ÎËÒ¸
Ì‡ÈÚË ·ÓÎÂÂ ËÎË ÏÂÌÂÂ ÒÚÓ„ËÈ Ô‡ÎËÌ‰ÓÏÌ˚È
ÒË„Ì‡Î ‡ÁÌÓÈ ˜ÂÚÌÓÒÚË Ë ‰ÎËÌ˚ ‚ 5'-Ó·Î‡ÒÚflı ÓÒ-
ÌÓ‚Ì˚ı Ë, ÓÚ‰ÂÎ¸ÌÓ, “‚ÚÓË˜Ì˚ı” „ÂÌÓ‚ ÏÂÚ‡·Ó-
ÎË˜ÂÒÍÓ„Ó ÔÛÚË.

çË Ó‰ËÌ ËÁ ˝ÚËı ÔÓ‰ıÓ‰Ó‚ Í ÒÓÁ‰‡ÌË˛ ÌÓ‚ÓÈ
Ï‡ÚËˆ˚ ÌÂ ‰‡Î ÂÁÛÎ¸Ú‡ÚÓ‚. ÇÓÁÏÓÊÌ˚Ï Ó·˙flÒ-
ÌÂÌËÂÏ ˝ÚÓÏÛ fl‚ÎflÂÚÒfl Í‡ÈÌÂ ‚˚ÒÓÍËÈ GC-ÒÓ-
ÒÚ‡‚ ‚ÒÂı ÚÂı ‰‡ÎÂÍËı „ÂÌÓÏÓ‚: ÒÂ‰ÌËÈ ÛÓ‚ÂÌ¸
GC-Ô‡ ÔÓ „ÂÌÓÏÛ ÒÓÒÚ‡‚ÎflÂÚ ‚ ÒÂ‰ÌÂÏ 70% (‰Îfl
C. glutamicum – 54%), ˜ÚÓ Á‡ÚÛ‰ÌflÂÚ ÔÓËÒÍ ÒÔÂˆË-
ÙË˜ÌÓ„Ó ÒË„Ì‡Î‡.

éÅëìÜÑÖçàÖ êÖáìãúíÄíéÇ

Ç ˝ÚÓÈ ‡·ÓÚÂ Ï˚ ÔÓ‡Ì‡ÎËÁËÓ‚‡ÎË ÒÚÛÍÚÛÛ
Ë ÔÓÚÂÌˆË‡Î¸ÌÛ˛ Â„ÛÎflˆË˛ Â„ÛÎÓÌ‡ McbR ‚Ó
‚ÒÂı ÒÂÏË „ÂÌÓÏ‡ı ‡ÍÚËÌÓ·‡ÍÚÂËÈ, ‚ ÍÓÚÓ˚ı ÒÓ-
ı‡Ìfl˛ÚÒfl ·ÎËÁÍËÂ ÓÚÓÎÓ„Ë ‰‡ÌÌÓ„Ó Â„ÛÎflÚÓ‡.

çÂÒÏÓÚfl Ì‡ ÌÂ‚ÓÁÏÓÊÌÓÒÚ¸ ËÁÛ˜ÂÌËfl Â„ÛÎfl-
ˆËË ‚ ÙËÎÓ„ÂÌÂÚË˜ÂÒÍË ·ÓÎÂÂ ‰‡ÎÂÍËı „ÂÌÓÏ‡ı
‚ÒÎÂ‰ÒÚ‚ËÂ ‚˚ÒÓÍÓ„Ó ÒÓ‰ÂÊ‡ÌËfl GC ‚ ÌËı, ËÒÒÎÂ-
‰Ó‚‡ÌËÂ ÔÓÚÂÌˆË‡Î¸Ì˚ı ÒË„Ì‡ÎÓ‚ ‚ ̃ ÂÚ˚Âı „ÂÌÓ-
Ï‡ı Ó‰‡ Corynebacterium ÔÓÁ‚ÓÎflÂÚ Á‡ÍÎ˛˜ËÚ¸,
˜ÚÓ ·ÓÎ¸¯ËÌÒÚ‚Ó „ÂÌÓ‚ Â„ÛÎÓÌ‡ McbR ÒÓı‡ÌflÂÚ
Â„ÛÎflˆË˛ ÒÓ ÒÚÓÓÌ˚ ˝ÚÓ„Ó ÂÔÂÒÒÓ‡. Ç ·ÓÎ¸-
¯ÂÈ ˜‡ÒÚË ÒÎÛ˜‡Â‚ ÔÓÚÂÌˆË‡Î¸Ì˚È ÒË„Ì‡Î ÒÓı‡-
ÌflÂÚÒfl ÔÂÂ‰ ËÒÒÎÂ‰ÛÂÏ˚Ï ÓÚÓÎÓ„Ë˜Ì˚Ï „ÂÌÓÏ,
Ó‰Ì‡ÍÓ ‚ ÌÂÍÓÚÓ˚ı ÒÎÛ˜‡flı, ‚ÒÎÂ‰ÒÚ‚ËÂ ‡ÁÎË˜-
ÌÓ„Ó ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó ‡ÒÔÓÎÓÊÂÌËfl „ÂÌÓ‚, ÔÓÚÂÌ-
ˆË‡Î¸Ì˚È Ò‡ÈÚ Ò‚flÁ˚‚‡ÌËfl ÏÓÊÂÚ Ì‡ıÓ‰ËÚ¸Òfl ‚
Â„ÛÎflÚÓÌÓÈ Ó·Î‡ÒÚË ‰Û„Ó„Ó „ÂÌ‡. ç‡ÔËÏÂ,
„ÂÌ˚ metX Ë metY ÏÓ„ÛÚ ÙÓÏËÓ‚‡Ú¸ ÌÂÁ‡‚ËÒË-
ÏÓ Â„ÛÎËÛ˛˘ËÂÒfl ÏÓÌÓˆËÒÚÓÌÌ˚Â ÎÓÍÛÒ˚
ËÎË ÊÂ Â‰ËÌ˚È ÓÔÂÓÌ Ò ÒË„Ì‡ÎÓÏ ÔÂÂ‰ „ÂÌÓÏ
metY (ËÒ. 2„), ‡ ‰Ë‚Â„ÓÌ ÛÚËÎËÁ‡ˆËË ÒÛÎ¸Ù‡Ú‡
cysJIHDNZY C. glutamicum ‚ „ÂÌÓÏÂ C. jeikeium ‡Ò-
Ô‡‰‡ÂÚÒfl Ì‡ ÌÂÁ‡‚ËÒËÏÓ Â„ÛÎËÛ˛˘ËÂÒfl ‰Ë‚Â„ÓÌ
cysJIX Ë ÓÔÂÓÌ cysHDNYZ (ËÒ. 2‡).

èÓÁËˆËÓÌÌÓÂ Ò‡‚ÌÂÌËÂ Ë ËÒÒÎÂ‰Ó‚‡ÌËÂ Â„Û-
ÎflˆËË ÓÚÓÎÓ„Ë˜Ì˚ı Â„ÛÎÓÌÓ‚ ÔÓÁ‚ÓÎËÎË Ì‡Ï
ÔÂ‰ÒÍ‡Á‡Ú¸ ÌÓ‚˚È ÔÓÚÂÌˆË‡Î¸Ì˚È ˜ÎÂÌ Â„ÛÎÓ-
Ì‡ McbR ‚ „ÂÌÓÏ‡ı Ó‰‡ Corynebacterium, – „ÂÌ
cg1739 C. glutamicum. èÓËÒÍ ÍÓÌÒÂ‚‡ÚË‚Ì˚ı ‰Ó-
ÏÂÌÓ‚ ‚ ÉÂÌÅ‡ÌÍÂ [20] ‚˚fl‚ÎflÂÚ ÒıÓ‰ÒÚ‚Ó ÍÓ‰ËÛ-
ÂÏÓ„Ó ·ÂÎÍ‡ Ò ‰ÓÏÂÌÓÏ „ÎÛÚ‡ÏËÌ-‡ÏË‰ÓÚ‡ÌÒÙÂ-
‡Á˚, ÍÓ‰ËÛÂÏÓÈ „ÂÌÓÏ guaA Bacillus subtilis [27],
Ë ÓÚ‰‡ÎÂÌÌÛ˛ „ÓÏÓÎÓ„Ë˛ ·ÂÎÍ‡ Ò „ÓÏÓÒÂËÌ-ÒÛÍ-
ˆËÌËÎÚ‡ÌÒÙÂ‡ÁÌ˚Ï ‰ÓÏÂÌÓÏ. ÉÓÏÓÒÂËÌ-ÒÛÍ-
ˆËÌËÎÚ‡ÌÒÙÂ‡Á‡ ‚˚ÔÓÎÌflÂÚ ÙÛÌÍˆË˛, ‡Ì‡ÎÓ-
„Ë˜ÌÛ˛ ÙÛÌÍˆËË „ÓÏÓÒÂËÌ-‡ˆÂÚËÎÚ‡ÌÒÙÂ‡Á˚
‚ „ÂÌÓÏ‡ı ÌÂÍÓÚÓ˚ı ·‡ÍÚÂËÈ, Ú‡ÍËı Í‡Í E. coli Ë
P. aeruginosa [2]. ç‡ÒÍÓÎ¸ÍÓ Ì‡Ï ËÁ‚ÂÒÚÌÓ, Ó‰ÌÓ-
‚ÂÏÂÌÌÓÂ Ì‡ÎË˜ËÂ ˝ÚËı ‰‚Ûı ÙÂÏÂÌÚÓ‚ Â˘Â ÌÂ

·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, Ë, ·ÓÎÂÂ ÚÓ„Ó, ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ
‰ÓÍ‡Á‡ÌÓ, ˜ÚÓ Â‰ËÌÒÚ‚ÂÌÌ˚Ï ÙÂÏÂÌÚÓÏ ÛÚËÎËÁ‡-
ˆËË „ÓÏÓÒÂËÌ‡ ‚ „ÂÌÓÏÂ ë. glutamicum fl‚ÎflÂÚÒfl
„ÓÏÓÒÂËÌ-‡ˆÂÚËÎÚ‡ÌÒÙÂ‡Á‡ [28]. êÓÎ¸ ·ÂÎÍ‡,
„ÓÏÓÎÓ„Ë˜ÌÓ„Ó ·ÂÎÍÛ GuaA B. subtilis, ‚ ·ËÓÒËÌÚÂ-
ÁÂ ÏÂÚËÓÌËÌ‡ Ú‡ÍÊÂ ÌÂ Ó˜Â‚Ë‰Ì‡. îÛÌÍˆËfl ˝ÚÓ„Ó
ÙÂÏÂÌÚ‡ ÒÓÒÚÓËÚ ‚ ÓÚ˘ÂÔÎÂÌËË ËÓÌ‡ ‡ÏÏÓÌËfl

( ) ÓÚ ÏÓÎÂÍÛÎ˚ „ÎÛÚ‡ÏËÌ‡ Ò Ó·‡ÁÓ‚‡ÌËÂÏ
ÏÓÎÂÍÛÎ˚ „ÎÛÚ‡Ï‡Ú‡ Ë ÔÓÒÎÂ‰Û˛˘ÂÏ ÔËÒÓÂ‰ËÌÂ-
ÌËË ËÓÌ‡ ‡ÏÏÓÌËfl Í ‡ÍˆÂÔÚÓÌÓÈ ÏÓÎÂÍÛÎÂ [29,
30]. ÑÎfl Ó·˙flÒÌÂÌËfl ÓÎË ‰‡ÌÌÓÈ ÙÂÏÂÌÚ‡ÚË‚-
ÌÓÈ ‡ÍÚË‚ÌÓÒÚË ‚ ·ËÓÒËÌÚÂÁÂ ÏÂÚËÓÌËÌ‡/ˆËÒÚÂËÌ‡
ÏÓÊÌÓ ÔÂ‰ÔÓÎÓÊËÚ¸, ˜ÚÓ ËÏÂÂÚÒfl Â„ÛÎflˆËfl
·ËÓÒËÌÚÂÁ‡ Ì‡ ÒÚ‡‰ËË Ó·‡ÁÓ‚‡ÌËfl ‡ÒÔ‡Ú‡Ú‡ ËÁ
„ÎÛÚ‡Ï‡Ú‡ Ë ÓÍÒ‡ÎÓ‡ˆÂÚ‡Ú‡. çÓ Ú‡Í‡fl ËÌÚÂÔÂÚ‡-
ˆËfl ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl Ï‡ÎÓ‚ÂÓflÚÌÓÈ ‚ ÒËÎÛ ÚÓ„Ó,
˜ÚÓ „ÎÛÚ‡Ï‡Ú ‚Ó‚ÎÂ˜ÂÌ ‚ ·ÓÎ¸¯Û˛ ̃ ‡ÒÚ¸ ÔÓˆÂÒÒÓ‚
·ËÓÒËÌÚÂÁ‡, Ë Â„ÛÎflˆËfl Â„Ó ÛÓ‚Ìfl ‚ ÍÎÂÚÍÂ ÒÓ
ÒÚÓÓÌ˚ ÒÔÂˆËÙË˜ÌÓ„Ó Â„ÛÎflÚÓ‡ ·ËÓÒËÌÚÂÁ‡ ÏÂ-
ÚËÓÌËÌ‡ ÌÂˆÂÎÂÒÓÓ·‡ÁÌ‡. í‡ÍËÏ Ó·‡ÁÓÏ, Ï˚ ÌÂ
ÏÓÊÂÏ ÔÂ‰ÒÍ‡Á‡Ú¸ ÓÎ¸ ·ÂÎÍ‡ „ÂÌ‡ cg1739p ‚ ·ËÓ-
ÒËÌÚÂÁÂ ÏÂÚËÓÌËÌ‡ ‚ „ÂÌÓÏ‡ı Ó‰‡ Corynebacterium.

äÓÏÂ ÚÓ„Ó, Ì‡¯Ë ‰‡ÌÌ˚Â Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú Ó
ÚÓÏ, ˜ÚÓ ·ÂÎÓÍ CE2636p C. efficiens Ë Â„Ó ÓÚÓÎÓ„Ë
‚ C. glutamicum Ë C. diphtheriae Ú‡ÍÊÂ ÏÓ„ÛÚ ‚ıÓ-
‰ËÚ¸ ‚ Â„ÛÎÓÌ McbR (ÒÏ. “êÂÁÛÎ¸Ú‡Ú˚”). ùÚÓÚ ·Â-
ÎÓÍ ËÏÂÂÚ ÁÌ‡˜ËÚÂÎ¸ÌÛ˛ ÒÚÂÔÂÌ¸ ÒıÓ‰ÒÚ‚‡ Ò ÔÂ‰-
ÒÚ‡‚ËÚÂÎflÏË ÒÂÏÂÈÒÚ‚‡ ÌÛÍÎÂÓÁË‰ÙÓÒÙÓËÎ‡Á,
ÍÓÚÓÓÂ ‚ÍÎ˛˜‡ÂÚ ‚ ÒÂ·fl 5'-ÏÂÚËÎÚËÓ‡‰ÂÌÓÁËÌ-
ÌÛÍÎÂÓÁË‰‡Á˚ (åíÄ-ÌÛÍÎÂÓÁË‰‡Á˚). Ç ÔÓˆÂÒÒÂ
·ËÓÒËÌÚÂÁ‡ ÔÓÎË‡ÏËÌÓ‚ Ó‰ÌËÏ ËÁ ÔÓ·Ó˜Ì˚ı ÔÓ-
‰ÛÍÚÓ‚ fl‚ÎflÂÚÒfl 5'-ÏÂÚËÎÚËÓ‡‰ÂÌÓÁËÌ. èÓˆÂÒÒ
‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ÏÂÚËÓÌËÌ‡ ËÁ ˝ÚÓ„Ó ÒÓÂ‰ËÌÂÌËfl
ÒÓÒÚÓËÚ ËÁ ÌÂÒÍÓÎ¸ÍËı Â‡ÍˆËÈ, ÔÂ‚ÓÈ Ë ÎËÏËÚË-
Û˛˘ÂÈ ËÁ ÍÓÚÓ˚ı fl‚ÎflÂÚÒfl Â„Ó ‡Ò˘ÂÔÎÂÌËÂ
Ì‡ ‡‰ÂÌËÌ Ë 5'-ÏÂÚËÎÚËÓË·ÓÁÛ, Í‡Ú‡ÎËÁËÛÂÏÓÂ
åíÄ-ÌÛÍÎÂÓÁË‰‡Á‡ÏË [31, 32]. í‡ÍËÏ Ó·‡ÁÓÏ,
Û‚ÂÎË˜ÂÌËÂ ÔÛÎ‡ ÏÂÚËÓÌËÌ‡ Á‡ Ò˜ÂÚ ‡Ò˘ÂÔÎÂÌËfl
5'-ÏÂÚËÎÚËÓ‡‰ÂÌÓÁËÌ‡ Ú‡ÍÊÂ Â„ÛÎËÛÂÚÒfl, ÔÓ-‚Ë-
‰ËÏÓÏÛ, ÒÓ ÒÚÓÓÌ˚ McbR, ÔÓ Í‡ÈÌÂÈ ÏÂÂ, ‚ „Â-
ÌÓÏ‡ı C. diphtheriae Ë C. efficiens.

çÂÒÏÓÚfl Ì‡ Ó·˘Û˛ ‚˚ÒÓÍÛ˛ ÒÚ‡·ËÎ¸ÌÓÒÚ¸
„ÂÌÓÏÓ‚ ÍÓËÌÂ·‡ÍÚÂËÈ [33], Ï˚ ‚Ó ÏÌÓ„Ëı ÒÎÛ-
˜‡flı Ì‡·Î˛‰‡ÎË ÛÚ‡ÚÛ ÓÚÓÎÓ„Ë˜Ì˚ı „ÂÌÓ‚ Í‡Í ‚
‰‡ÎÂÍËı, Ú‡Í Ë ‚ ·ÎËÁÍÓÓ‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏ‡ı.
ÅÓÎ¸¯‡fl ˜‡ÒÚ¸ Ú‡ÍËı ÒÎÛ˜‡Â‚, ÔÓ ‚ÒÂÈ ‚Ë‰ËÏÓÒÚË,
Ò‚flÁ‡Ì‡ Ò ÓÒÓ·ÂÌÌÓÒÚflÏË Ô‡‡ÁËÚË˜ÂÒÍÓ„Ó Ó·‡Á‡
ÊËÁÌË, ı‡‡ÍÚÂÌÓ„Ó ‰Îfl ˜ÂÚ˚Âı ÏËÍÓÓ„‡ÌËÁ-
ÏÓ‚ ËÁ ÓÔËÒ˚‚‡ÂÏ˚ı ÒÂÏË, ‡ ËÏÂÌÌÓ, C. diphtheriae
[34], C. jeikeium [35], N. farcinica [36] Ë L. xyli [17].
èÓ-‚Ë‰ËÏÓÏÛ, ˝ÚË ÏËÍÓÓ„‡ÌËÁÏ˚ ÒÔÓÒÓ·Ì˚ ÔÓ-
ÎÛ˜‡Ú¸ ÒÂÓÒÓ‰ÂÊ‡˘ËÂ Ó„‡ÌË˜ÂÒÍËÂ ‚Â˘ÂÒÚ‚‡
ËÁ Ó„‡ÌËÁÏÓ‚ ıÓÁflÂ‚, ‚ ÒËÎÛ ˜Â„Ó ÓÚÒÛÚÒÚ‚ÛÂÚ
ÓÒÚ‡fl ÌÂÓ·ıÓ‰ËÏÓÒÚ¸ ‚ ÙÂÏÂÌÚ‡ı ÔÛÚË ·ËÓÒËÌ-
ÚÂÁ‡ ÏÂÚËÓÌËÌ‡, Ë, Í‡Í ÒÎÂ‰ÒÚ‚ËÂ, ÔÛÚ¸ ·ËÓÒËÌÚÂÁ‡
ÏÂÚËÓÌËÌ‡ ‚ ˝ÚËı ÏËÍÓÓ„‡ÌËÁÏ‡ı Â‰ÛˆËÓ‚‡Ì.
í‡Í, Í ÔËÏÂÛ, ‚ „ÂÌÓÏÂ ë. diphtheriae ÔÓÎÌÓÒÚ¸˛
ÛÚ‡˜ÂÌ ÓÔÂÓÌ ÛÚËÎËÁ‡ˆËË ÒÛÎ¸Ù‡Ú‡ Ë Ó·‡ ÓÔÂ-

NH4
+
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ÓÌ‡ ÛÚËÎËÁ‡ˆËË ‡ÎÍ‡ÌÒÛÎ¸ÙÓÌ‡ÚÓ‚, ˜ÚÓ ÚÓÎ¸ÍÓ
˜‡ÒÚË˜ÌÓ ‚ÓÁÏÂ˘‡ÂÚÒfl ÔÓfl‚ÎÂÌËÂÏ ÌÓ‚ÓÈ ‡ÎÍ‡Ì-
ÒÛÎ¸ÙÓÌ‡Ú-ÏÓÌÓÓÍÒË„ÂÌ‡Á˚ ‚ ÂÁÛÎ¸Ú‡ÚÂ ÌÂÓÚÓ-
ÎÓ„Ë˜ÌÓ„Ó Á‡ÏÂ˘ÂÌËfl. äÓÏÂ ÚÓ„Ó, ÛÚ‡˜ÂÌ „ÂÌ
metB (ˆËÒÚ‡ÚËÓÌËÌ-γ-ÒËÌÚ‡Á‡), ÍÓ‰ËÛ˛˘ËÈ ÔÂ-
‚˚È ÙÂÏÂÌÚ ÔÛÚË Ú‡ÌÒ-ÒÛÎ¸ÙÛËÎËÓ‚‡ÌËfl, Ë
Â‰ËÌÒÚ‚ÂÌÌÓ ‚ÓÁÏÓÊÌ˚Ï ÒÔÓÒÓ·ÓÏ ÒËÌÚÂÁ‡ „ÓÏÓ-
ˆËÒÚÂËÌ‡ ÓÒÚ‡ÂÚÒfl ÔÛÚ¸ ÔflÏÓ„Ó ÒÛÎ¸Ù„Ë‰ËÎËÓ-
‚‡ÌËfl Ò Û˜‡ÒÚËÂÏ ·ÂÎÍ‡ MetY (‡ˆÂÚËÎ„ÓÏÓÒÂËÌÎË-
‡Á‡). ìÚ‡˜ÂÌ „ÂÌ metE, ÍÓ‰ËÛ˛˘ËÈ ‚˚ÒÓÍÓ˝Ù-
ÙÂÍÚË‚ÌÛ˛ ÏÂÚËÓÌËÌÒËÌÚ‡ÁÛ. íÂÏ ÌÂ ÏÂÌÂÂ, ÔÛÚ¸
·ËÓÒËÌÚÂÁ‡ ÏÂÚËÓÌËÌ‡ ÓÒÚ‡ÂÚÒfl ÙÛÌÍˆËÓÌ‡Î¸Ì˚Ï
·Î‡„Ó‰‡fl Ì‡ÎË˜Ë˛ ÏÂÚËÓÌËÌÒËÌÚ‡Á˚ MetH, ˝Ù-
ÙÂÍÚË‚ÌÓÒÚ¸ ÍÓÚÓÓÈ, ‚ÔÓ˜ÂÏ, „Ó‡Á‰Ó ÌËÊÂ.

Ç ˆÂÎÓÏ, ÔÓÁËˆËÓÌÌÓÂ Ò‡‚ÌÂÌËÂ „ÂÌÓ‚ ·ËÓ-
ÒËÌÚÂÁ‡ ‡ÏËÌÓÍËÒÎÓÚ ‚ „ÂÌÓÏ‡ı C. glutamicum,
C. efficiens Ë C. diphtheriae [1] ÔÓÍ‡Á‡ÎÓ, ̃ ÚÓ ‚ „ÂÌÓ-
ÏÂ C. diphtheriae ÌÂÚ ·ÓÎ¸¯Ó„Ó ˜ËÒÎ‡ ÓÚÓÎÓ„Ó‚,
˜ÚÓ ÔË‚Ó‰ËÚ Í ÛÏÂÌ¸¯ÂÌË˛ ‡ÁÏÂ‡ „ÂÌÓÏ‡ ̋ ÚÓÈ
·‡ÍÚÂËË. àÁ ËÁÛ˜ÂÌÌ˚ı Ì‡ÏË ÏËÍÓÓ„‡ÌËÁÏÓ‚,
‰Îfl ‚Â‰Û˘Ëı Ô‡‡ÁËÚË˜ÂÒÍËÈ Ó·‡Á ÊËÁÌË Ú‡ÍÊÂ
ı‡‡ÍÚÂÂÌ Á‡ÏÂÚÌÓ ÏÂÌ¸¯ËÈ ‡ÁÏÂ „ÂÌÓÏ‡ (Á‡
ËÒÍÎ˛˜ÂÌËÂÏ „ÂÌÓÏ‡ N. farcinica), ˜ÚÓ ÏÓÊÂÚ Ò‚Ë-
‰ÂÚÂÎ¸ÒÚ‚Ó‚‡Ú¸ Ó Ï‡ÒÒÓ‚ÓÈ ÛÚ‡ÚÂ ÓÚÓÎÓ„Ó‚ Ë
ÍÓÒ‚ÂÌÌÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ó‚‡Ú¸ Ó Ô‡‡ÁËÚË˜ÂÒÍÓÏ
ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÌÂÓ·ıÓ‰ËÏ˚ı ÒÓÂ‰ËÌÂÌËÈ ËÁ Ó„‡-
ÌËÁÏ‡ ıÓÁflËÌ‡.

Ç ÌÂÍÓÚÓ˚ı ÒÎÛ˜‡flı ÓÚÒÛÚÒÚ‚ËÂ ÓÚÓÎÓ„Ó‚
‚ÓÁÏÂ˘‡ÂÚÒfl Ì‡ÎË˜ËÂÏ „ÓÏÓÎÓ„Ë˜Ì˚ı, ÌÓ ÌÂ Ó-
ÚÓÎÓ„Ë˜Ì˚ı ·ÂÎÍÓ‚, Í‡Í ˝ÚÓ ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ ‚ ÒÎÛ-
˜‡Â ÚÂÓÌËÌÒËÌÚÂÚ‡Á˚ Ë ‡ÎÍ‡ÌÒÛÎ¸ÙÓÌ‡Ú-ÏÓÌÓ-
ÓÍÒË„ÂÌ‡Á˚. í‡Í, „ÂÌÓÏ˚ C. glutamicum, C. efficiens
Ë C. diphtheriae ÌÂÒÛÚ „ÂÌ˚ ÚÂÓÌËÌÒËÌÚÂÚ‡Á˚, ÍÓ-
ÚÓ‡fl ÌÂ ı‡‡ÍÚÂÌ‡ ‰Îfl ·ÓÎ¸¯ËÌÒÚ‚‡ ‡ÍÚËÌÓÏË-
ˆÂÚ Ë ÔÓÎÛ˜ÂÌ‡, ÔÓ ‚ÒÂÈ ‚Ë‰ËÏÓÒÚË, Á‡ Ò˜ÂÚ „ÓË-
ÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡ ‚ „ÂÌÓÏ Ó·˘Â„Ó ÔÂ‰Í‡ ˝ÚËı
ÚÂı ·‡ÍÚÂËÈ. ÅÓÎÂÂ ˜‡ÒÚÌ˚Ï ÒıÓ‰Ì˚Ï ÒÎÛ˜‡ÂÏ
„ÓËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡ „ÂÌÓ‚ fl‚ÎflÂÚÒfl ÔÓfl‚ÎÂ-
ÌËÂ ‚ „ÂÌÓÏÂ C. efficiens ‡ÎÍ‡ÌÒÛÎ¸ÙÓÌ‡Ú-ÏÓÌÓÓÍ-
ÒË„ÂÌ‡Á˚, ı‡‡ÍÚÂÌÓÈ ‰Îfl ÔÓÚÂÓ·‡ÍÚÂËÈ.

í‡ÍËÏ Ó·‡ÁÓÏ, Ì‡¯Â ËÒÒÎÂ‰Ó‚‡ÌËÂ Â„ÛÎÓÌ‡
McbR ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ ËÏÂ˛ÚÒfl ÏÌÓ„Ó˜ËÒÎÂÌÌ˚Â Ë
‡ÁÌÓÓ·‡ÁÌ˚Â ÓÔÂÓÌÌ˚Â ÔÂÂÒÚÓÈÍË, ÌÂÒÏÓÚfl
Ì‡ ÔÓÍ‡Á‡ÌÌÛ˛ ‡ÌÂÂ Ó·˘Û˛ ÒÚ‡·ËÎ¸ÌÓÒÚ¸ „ÂÌÓÏ‡;
˝ÚÓ ÔÓÁ‚ÓÎËÎÓ Ì‡Ï ÔÂ‰ÎÓÊËÚ¸ ÌÂÒÍÓÎ¸ÍÓ ÌÓ‚˚ı
ÔÓÚÂÌˆË‡Î¸Ì˚ı ˜ÎÂÌÓ‚ ‰‡ÌÌÓ„Ó Â„ÛÎÓÌ‡ Ì‡ ÓÒÌÓ-
‚‡ÌËË ÔÓÁËˆËÓÌÌÓ„Ó Ò‡‚ÌÂÌËfl „ÂÌÓÏÓ‚ Ë ËÒÒÎÂ‰Ó-
‚‡ÌËfl Ò‡ÈÚÓ‚ Ò‚flÁ˚‚‡ÌËfl Â„ÛÎflÚÓ‡ McbR. ÅÓÎ¸-
¯ËÌÒÚ‚Û ÌÓ‚˚ı ÔÓÚÂÌˆË‡Î¸Ì˚ı ˜ÎÂÌÓ‚ Â„ÛÎÓÌ‡
‡ÌÂÂ ·˚ÎË ÔËÔËÒ‡Ì˚ ÙÂÏÂÌÚ‡ÚË‚Ì˚Â ‡ÍÚË‚-
ÌÓÒÚË, ÍÓÚÓ˚Â ÔÓÁ‚ÓÎËÎË Ì‡Ï ÔÂ‰ÒÍ‡Á‡Ú¸ ÓÎ¸
ÍÓ‰ËÛÂÏ˚ı ·ÂÎÍÓ‚ Ì‡ ÔÛÚË ·ËÓÒËÌÚÂÁ‡ ÏÂÚËÓÌË-
Ì‡ ‚ „ÂÌÓÏ‡ı ·‡ÍÚÂËÈ ÔÓfl‰Í‡ Actinomycetales.

ê‡·ÓÚ‡ ÔÓÎÛ˜ËÎ‡ ÙËÌ‡ÌÒÓ‚Û˛ ÔÓ‰‰ÂÊÍÛ åÂ-
‰ËˆËÌÒÍÓ„Ó ËÌÒÚËÚÛÚ‡ ïÓ‚‡‰‡ ï¸˛Á‡ (55000309)
Ë èÓ„‡ÏÏ˚ “åÓÎÂÍÛÎflÌ‡fl Ë ÍÎÂÚÓ˜Ì‡fl ·ËÓÎÓ-
„Ëfl” êÓÒÒËÈÒÍÓÈ ‡Í‡‰ÂÏËË Ì‡ÛÍ.
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