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Ê áàêòåðèÿì ðîäà Citrobacter îòíåñåíû ôà-
êóëüòàòèâíî àíàýðîáíûå ãðàìîòðèöàòåëüíûå
ïðÿìûå ïàëî÷êè ñåìåéñòâà Enterobacteriaceae [1].
Ïðåäñòàâèòåëè ýòîãî ðîäà, îòëè÷èòåëüíîé îñî-
áåííîñòüþ êîòîðûõ ÿâëÿåòñÿ øèðîêèé ñïåêòð
ìåòàáîëè÷åñêîé àêòèâíîñòè, øèðîêî ðàñïðîñò-
ðàíåíû â îêðóæàþùåé ñðåäå, îáèòàþò â ïî÷âå,
âîäå, ïèùåâûõ ïðîäóêòàõ, â êèøå÷íîì òðàêòå
ìëåêîïèòàþùèõ [2–3]. Ê ïðèìåðó, èçâåñòíû ñïî-
ñîáíîñòè öèòðîáàêòåðîâ ñèíòåçèðîâàòü øèêè-
ìîâóþ êèñëîòó, ãëþêîçàìèí è äð. [4–5], è, íàðÿ-
äó ñ ýòèì, äåãðàäàöèþ ðÿäà êñåíîáèîòèêîâ, ñðå-
äè êîòîðûõ îòìå÷åíû ñèíòåòè÷åñêèå êðàñèòå-
ëè ðàçíîîáðàçíîé ïðèðîäû, àðîìàòè÷åñêèå ñî-
åäèíåíèÿ (ôåíîë è äð.), ïîëèöèêëè÷åñêèå àðî-
ìàòè÷åñêèå óãëåâîäîðîäû (ÏÀÓ) è äð. [6–7]. Èç-
âåñòíû ïàòîãåííûå âèäû C. koseri è
C. freundii, ÿâëÿþùèåñÿ ïðè÷èíîé ìåíèíãèòîâ,
äèàðåè è äðóãèõ çàáîëåâàíèé ëþäåé è æèâîò-
íûõ [8–10]. Âìåñòå ñ òåì âàæíûå îñîáåííîñòè
ñòðîåíèÿ è ôóíêöèîíèðîâàíèÿ ãåíîìîâ, â ÷àñ-
òíîñòè ïëàçìèä è èõ îáëàñòåé ðåïëèêàöèè, ó
ïðåäñòàâèòåëåé ðîäà Citrobacter îñòàþòñÿ âî
ìíîãîì íåèçâåñòíûìè.

Öåëü íàñòîÿùåé ðàáîòû – èäåíòèôèêàöèÿ
è ñðàâíèòåëüíàÿ õàðàêòåðèñòèêà îáëàñòåé ðåï-
ëèêàöèè ïëàçìèä áàêòåðèé ðîäà Citrobacter.

Óñëîâèÿ ýêñïåðèìåíòà. Ïîñëåäîâàòåëü-
íîñòè ÄÍÊ ïëàçìèä áûëè ïîëó÷åíû èç ìåæ-
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äóíàðîäíîé áàçû äàííûõ NCBI. Ìíîæåñòâåí-
íîå è ïîïàðíûå âûðàâíèâàíèÿ, à òàêæå ïîñò-
ðîåíèå ôèëîãåíåòè÷åñêèõ äåðåâüåâ ïðîâîäè-
ëîñü ñ ïîìîùüþ ïðîãðàììû Mega4 [11]. Ýâî-
ëþöèîííàÿ èñòîðèÿ áûëà ïîëó÷åíà ñ èñïîëü-
çîâàíèåì àëãîðèòìà Neighbor-Joining [12]. Ýâî-
ëþöèîííûå ðàññòîÿíèÿ áûëè ðàññ÷èòàíû ìå-
òîäîì Maximum Composite Likelihood [11]. Ñòà-
òèñòè÷åñêàÿ äîñòîâåðíîñòü ïîðÿäêà âåòâëåíèÿ
îöåíåíà ñ ïîìîùüþ áóòñòðýï-àíàëèçà [13].

Ðåçóëüòàòû. Àíàëèç ïîñëåäîâàòåëüíîñ-
òåé ÄÍÊ ïëàçìèä áàêòåðèé ðîäà Citrobacter
ðàçìåðîì äî 10 ò.ï.î., äåïîíèðîâàííûõ â
NCBI, ïîçâîëèë âûÿâèòü ïëàçìèäû pCRP3 è
pCKO3.

Ïî ðåçóëüòàòàì ìíîæåñòâåííîãî è ïî-
ïàðíîãî âûðàâíèâàíèÿ áûëè âûÿâëåíû îá-
ëàñòè ïëàçìèä pCRP3 è pCKO3, îáëàäàþùèå
çíà÷èòåëüíûì ñõîäñòâîì ñ ori ïëàçìèä ñåìåé-
ñòâà ColE1. Â ôîðìàòå ïðîãðàììû MEGA4
áûëî óñòàíîâëåíî, ÷òî ãîìîëîãèÿ ñ ColE1 ñî-
ñòàâèëà îêîëî 81% â ñëó÷àå ïëàçìèäû pCRP3
è îêîëî 74% – äëÿ ïëàçìèäû pCKO3.

Ïðèíèìàÿ âî âíèìàíèå òî, ÷òî îñíîâó
ñåìåéñòâà ColE1 ñîñòàâëÿþò ïîäðîáíî èçó-
÷åííûå ðàíåå ïëàçìèäû, òàêèå êàê pRK2,
p29807, p15A, CloDF, ïîñëåäîâàòåëüíîñòè
ÄÍÊ ýòèõ ïëàçìèä áûëè ïîäâåðãíóòû ñðàâ-
íèòåëüíîìó àíàëèçó.
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Â òàáë. 1 ïðèâåäåíû õàðàêòåðèñòèêè
ïëàçìèä è áàêòåðèàëüíûõ øòàììîâ, êîòîðûå
áûëè èñïîëüçîâàíû â ðàáîòå.

Íà ðèñ. 1 ïðèâåäåíî ôèëîãåíåòè÷åñêîå
äðåâî, ïîñòðîåííîå íà îñíîâå ñðàâíåíèÿ îá-
ëàñòåé ðåïëèêàöèè ñ àíàëîãè÷íûìè îáëàñòÿ-
ìè ðàíåå îïèñàííûõ ïëàçìèä ñåìåéñòâà
ColE1.

Ðåçóëüòàòû ôèëîãåíåòè÷åñêîãî àíàëèçà
ïîêàçàëè, ÷òî, ñîãëàñíî óñòàíîâëåííûì îñî-
áåííîñòÿì ñòðîåíèÿ îáëàñòåé ðåïëèêàöèè,
îáå èññëåäóåìûå ìàëûå ïëàçìèäû pCRP3 è
pCKO3 ïðåäñòàâèòåëåé ðîäà Citrobacter îò-
íîñÿòñÿ ê ñåìåéñòâó ColE1. Ïðè ýòîì pCRP3
îáðàçóåò êëàñòåð ñ ïëàçìèäîé ColE1, à pCKO3
ñ äðóãîé ïëàçìèäîé CloDF.

Ïîëó÷åííûå äàííûå ñâèäåòåëüñòâóþò â
ïîëüçó òîãî, ÷òî îáå ïëàçìèäû íåñóò îáëàñòè
êîíòðîëÿ ðåïëèêàöèè, èìåþùèå îáùåå ïðî-
èñõîæäåíèå, íî ýâîëþöèîíèðóþùèå â ðàçíûõ
íàïðàâëåíèÿõ.

Ñëåäóåò îòìåòèòü, ÷òî ïëàçìèäû, îáëàäà-
þùèå îáëàñòüþ ðåïëèêàöèè ColE1-òèïà, â íà-
ñòîÿùåå âðåìÿ ìîæíî îòíåñòè ê èíòåíñèâíî
èçó÷àåìûì îáúåêòàì. Ýòî ñâÿçàíî ñ òåì, ÷òî äàí-
íûé òèï îðãàíèçàöèè îáëàñòè ðåïëèêàöèè ñâîé-
ñòâåíåí áîëüøîìó ÷èñëó ìàëûõ ïëàçìèä, êîòî-
ðûå, â ñâîþ î÷åðåäü, èìåþò øèðîêîå ðàñïðîñò-
ðàíåíèå ñðåäè ðàçëè÷íûõ òàêñîíîâ áàêòåðèé.

Òàêèì îáðàçîì, â íàñòîÿùåé ðàáîòå áûëè
èäåíòèôèöèðîâàíû îáëàñòè êîíòðîëÿ ðåïëè-
êàöèè ïëàçìèä pCRP3 è pCKO3 áàêòåðèé
ðîäà Citrobacter è ïîêàçàíî, ÷òî ïëàçìèäû
pCRP3 è pCKO3 ìîãóò áûòü êëàññèôèöèðî-
âàíû êàê ïëàçìèäû ñåìåéñòâà ColE1.

Ðàáîòà âûïîëíåíà ïðè ñîäåéñòâèè ïðî-
ãðàìì Ïðåçèäèóìà ÐÀÍ «Áèîðàçíîîáðàçèå è
äèíàìèêà ãåíîôîíäîâ», «Æèâàÿ ïðèðîäà: ñî-
âðåìåííîå ñîñòîÿíèå è ïðîáëåìû ðàçâèòèÿ»,
à òàêæå ãðàíòà Ðåñïóáëèêè Áàøêîðòîñòàí
ìîëîäûì ó÷åíûì è ìîëîäåæíûì íàó÷íûì
êîëëåêòèâàì (2012) è ãîñêîíòðàêòà
¹ 14.512.11.0077 ÔÖÏ «Èññëåäîâàíèÿ è ðàç-
ðàáîòêè ïî ïðèîðèòåòíûì íàïðàâëåíèÿì ðàç-
âèòèÿ íàó÷íî-òåõíîëîãè÷åñêîãî êîìïëåêñà Ðîñ-
ñèè íà 2007–2013 ãîäû».
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Ò à á ë è ö à  1

Õàðàêòåðèñòèêè ïëàçìèä ñåìåéñòâà ColE1 è íåñóùèõ èõ øòàììîâ

Ïëàçìèäà Íîìåð äîñòóïà 
â GenBank Ðàçìåð, ï.î. Áàêòåðèàëüíûé èñòî÷íèê 

pCRP3 AF311902 3172 Citrobacter. rodentium ATCC 51459 
pCKO3 CP000823 9294 Citrobacter koseri ATCC BAA-895 
ColE1 J01566 6646 Escherichia coli pEW2762 è pMM1 
CloDF X04466 9957 Escherichia coli K12 P678-54 
pRK2 AY639886 5360 Escherichia coli ATCC 9637 
p29807 AJ132618 2682 Yersinia enterocolitica #29807 

Ðèñ.  1.  Ôèëîãåíåòè÷åñêîå äðåâî îáëàñòåé ðåïëèêàöèè
ïëàçìèä pCRP3 è pCKO3. Ìàñøòàá ïîêàçûâàåò ýâîëþ-
öèîííîå ðàññòîÿíèå, ñîîòâåòñòâóþùåå 5 íóêëåîòèäíûì
çàìåíàì íà êàæäûå 100 íóêëåîòèäîâ. Öèôðàìè ïîêàçà-
íà ñòàòèñòè÷åñêàÿ äîñòîâåðíîñòü ïîðÿäêà âåòâëåíèÿ,
îïðåäåëåííàÿ ñ ïîìîùüþ áóòñòðýï-àíàëèçà (çíà÷èìû-
ìè ïðèçíàþòñÿ âåëè÷èíû ïîêàçàòåëÿ «bootstrap» áî-
ëåå 50).
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© T.R. Yasakov, N.V. Zharikova, E.Yu. Zhurenko, V.V. Korobov, N.V. Markusheva

Citrobacter plasmids with ColE1-type replication origin were searched among sequences available in the
NCBI database. Phylogenetic relationships between them and ColE1 family plasmids were clarified.

Key words: replication origin, sequence, plasmid, bacteria, Citrobacter, NCBI.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




