
1 Introduction 
 
Many soda and salt  lakes are characterized by the 

formation of the meromictic conditions under which a part 
of the water column is not involved in the annual process 
of mixing (MacIntyre, Melack, 1982). This creates an 
ideal environment for the growth of anoxic phototrophic 
and  chemoautotrophic  microorganisms  in  the  border 
between  mixo-  and  monimolimnion  (chemocline). 
Because of these unique bacteria activity, sulfur is cycled 
through the chemocline (Parkin, Brock, 1981). It is well 

known  that  actively  functioning  anoxic  phototrophic 
microorganisms in this layer makes it brightly purple color 
(Overmann, 1997; Gorlenko, 2010). 

Lake Doroninskoe is meromictic soda lake located in 
East Transbaikalia (N51º25'; E112º28') in the permafrost 
zone. It is characterized by a distinct chemocline with high 
concentration of sulfate and sharp gradient of oxygen and 
sulfide  (Zamana,  Borzenko,  2007),  that  positively 
correlates with the distribution of bacteria (Gorlenko et al., 
2010). A distinctive peculiarity of the lake from the two 
other  meromictic  Siberian  lakes  Shira  and  Shunet 
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Fig. 1. Dynamic of changes in the structure of microbial communities in the contact zone of aerobic and sulfide layers of the water 
column of Lake Doroninskoe (March, 2013) 
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(Rogozin et al., 2010) is a low level of light penetration 
into the chemocline zone, which is 0.001%, and the lack 
of  bright  colored  water  in  this  zone.  The  latest  one 
phenomenon  is  of  particular  interest  in  the  study  of 
microbial community of the lake. 

Phylogenetic diversity of microbial communities has 
been studied from three zones of Lake Doroninskoe: the 
upper aerobic (2.6 m), narrow redox (3.15 m), and lower 
sulfide zone (3.6 m), at a total depth of 6.2 m in March 
2013 by 16S rDNA amplicon pyrosequencing. 

Metagenome analysis of the microbial communities of 
the zones of the water column revealed the representatives 
of  11  major  Eubacteria  phyla:  Cyanobacteria, 
Acidobacteria,  Actinobacteria,  Proteobacteria, 
Verrucomicrobia,  Tenericutes,  Firmicutes,  Bacteroidetes, 
Planctomycetes,  Spirochaetes,  Deinococcus-Thermus,  5 
fantom phila: TM7, SR1 , BRC1, WS3, OD1, and one phyla 
of Archaea – Euryarchaeota (Figure 1). Herein the fraction 
of  unidentified  sequences  was  0.5–5.3%.  Dominant  at 
different  depths  were:  Cyanobacteria,  Proteobacteria, 
Bacteroidetes, Actinobacteria and Firmicutes. 

Dominant group of oxygenic phototrophic chlorophyll 
"a" containing cyanobacteria was represented by the only 
phantom GpIIa genus of the corresponding family. It has 
been shown a high content in the hydrogen sulphide and 
redox zones of the lake, probably due to the process of cell 
sedimentation from the surface layers. Taking into account 
that the level of illumination on the 2.6 m was less than 50 
lux, and in the redox zone was about 1–5 lux, at this light 
intensity only green sulfur bacteria belonged to family 
Chlorobiaceae of all prokaryotic organisms could function 
as phototrophs (Marschall et al., 2010). 

Dominant classes of the phylum Proteobacteria were 
Alpha-, Gamma-, and Deltaproteobacteria, whose fraction 
in the microbial communities differed significantly (Figure). 
Rhodobacterales  and  Rhizobiales  of  the  class 
Alphaproteobacteria have been dominant at a depth of 2.6 
m, but their fraction decreased in the chemocline and sulfide 
layer. The main representatives of this group were purple 
non-sulfur bacteria, which are able to grow anaerobically 
with the light or aerobically in the dark used various organic 
compounds both as an electron donor and a nitrogen source. 
They were represented in the microbial community by the 
families  Rhodobacteraceae  and  Beijerinckiaceae,  with 
dominant  genera  Rhodobaca  and  Chelatococcus, 
respectively.  Representatives  of  Oceanospirillales 
(Gammaproteobacteria) were found only in the chemocline 
zone, their fraction in the microbial community was 8.7 %, 
with  dominant  genus  Marinospirillum  and  Nitrincola 
(Oceanospirillaceae).  Detection  Desulfuromusa 
(Desulfuromonadales),  Desulfonatronum, 
Desulfonatronovibrio  (Desulfovibrionales),  and 

Desulfurivibrio (Desulfobacterales) of Deltaproteobacteria 
in the chemocline and sulfide layer indicated the presence 
of active processes of sulfur cycling - sulfate-reduction. 

Unidentified representatives of the phylum Bacteroidetes 
have been detected in all layers with predominance at 
depths of 3.15 and 3.6 m. Negative correlation have been 
shown between this group and class Sphingobacteria of the 
same phylum. Genera Gracilimonas and Sediminibacterium 
as  well  as  unidentified  members  of  the  family 
Chitinophagaceae were dominated at a depth of 2.6 m. 
Negative correlation was found in the distribution of the 
two major phyla of Gram positive bacteria Actinobacteria 
and Firmicutes. So, at a depth of 2.6 m the subclasses 
Actinobacteridae, Nitriliruptoridae, and Acidimicrobidae of 
the phylum Actinobacteria were dominated, while in the 
chemocline zone and lower – class Clostridia of the phylum 
Firmicutes. 

Analysis of the functional diversity of microorganisms 
from chemocline zone have been revealed the presence of 
both "strict specialists" whose presence is limited with 
specific  only  for  them  micro-environments,  and 
"generalists",  adapted  to  the  unstable  conditions  and 
existing versatile metabolism. 

Among the identified microorganisms from chemocline, 
anoxic  phototrophs  were  found  as  a  dominant 
"generalists". They belonged to non-sulfur purple bacteria 
of the families Rhodospirillaceae and Rhodobacteraceae 
class Alphaproteobacteria. A characteristic feature of these 
bacteria  was the ability  to  skip  from phototrophic  to 
aerobic chemotrophic metabolism. 

It is interesting to note that chemotrophic bacteria with 
known functional genes for the anoxic photosynthesis-key 
enzyme of the Calvin cycle (Rubisco) have been detected 
in chemocline microbial community with a maximum in 
the oxygen layer. But they could be relevant to the minor 
part of the "generalists". These bacteria belong to genera 
Bradyrhizobium,  Paracoccus,  and  Rhodobacter,  class 
Alphaproteobacteria,  heterotrophs  of  the  families 
Oceanospirillaceae,  class  Gammaproteobacteria,  and 
Burkholderiaceae, class Betaproteobacteria. At the same 
layers bacteria with an alternative photosynthesis with 
actinorhodopsin  genes  belonged  to  family 
Microbacteriaceae,  phylum  Actinobacteria  have  been 
detected. 

In  general,  the  microbial  community of  meromictic 
Lake Doroninskoe in the contact zone of aerobic and 
sulfide-containing layers have been characterized by high 
microbial diversity with dominance of bacteria with a 
universal type of metabolism such as non-sulfur purple 
bacteria  of  the  families  Rhodospirillaceae  and 
Rhodobacteraceae, class Alphaproteobacteria. 

Key words: Diversity, Soda Lake, Meromixis, Lake 
Doroninskoe, 16S rRNA Gene; Phylogeny. 



<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


