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1 Introduction

It is the focus of geology and biology that the creature
preserved in the geological history and the organic
evolution. The creature preserved in geological history by
these things: sedimentary, frozen earth, chrysophoron and
evaporation salt. Evaporation salt can preserve the microbe
and biomarker compounds. As the recovery of the
evaporation and the trace of water on Mars, the creature in
the fluid inclusions in evaporation salt has become an
important evidence of the signs of life on Mars. This study
introduced a method to extraction the DNA of halophiles
entrapped in the fluid inclusions in halite.

2 The halophiles in the fluid inclusions

We put the halophile of DL-S-2 into the solution of fluid
inclusions in halite evaporated in the lab. DL-S-2 belongs
to Halobacillussp, it is Cocci, and its diameter is 0.5um

( Fig 1).
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Fig. 1. Entrapped strain DL-S-2 in fluid inclusions (arrow heading to
DL-S-2)

* Corresponding author. E-mail: hb.angel 1228@163.com

DL-S-2

We analyses the sizes of the fluid inclusions under
microscope. Among the 14 fluid inclusions within DL-S-2,
there are 3 small fluid inclusions (less than 100pm2) and 8
middle fluid inclusions (100-1000pm2) and 4 large fluid
inclusions (more than 1000pm2) ( Fig2).

We also calculated the density of halophiles entrapped in
the fluid inclusions. The lowest density is 0.03*107ind./ml
and the highest one is 25.23*107 ind./ml. The average is
6.51*107 ind./ml ( Fig 3).

3 Methods

First we do the surface sterilization for the sample to
ensure that there no contamination DNA of the surface
(Sankaranarayanan et al., 2011). Than we dissolve the
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sample into the nano pure water. We use Amicon Ultra-0.5
Centrehall Filter Devices (500ul) (Carrigtwohill CO.) to
collect the cells. And we use DNeasy Blood &Tissue
(Qiagen CO.) to extract DNA. At last, we use PCR
technique to amplify the DNA.

Tab 1 The testing result of DNA density by UV Spectrophotometer

Name of the samples object concentration(ng/u
D
0.5g sample (surface sterilization) DNA 6.74
g sample (surface sterilization) DNA 8.79
0.5g sample (no surface DNA 12.85
sterilization)
1g sample (no surface DNA 12.18

sterilization )

1500bp

Fig. 4. Electrophoresis analysis of PCR

M: 100bp DNA ladder marker; 1: 2013-12-9 surface sterilization 0.5g sample; 2:
2013-12-9 surface sterilization 1g sample; 3: 2013-12-9 unsterilized 0.5g sample;
4: 2013-12-9 unsterilized 1g sample; 5: 2013-12-5 surface sterilization 0.5g
sample; 6: 2013-12-5 surface sterilization 1g sample; 7: 2013-12-5 unsterilized

0.5g sample; 8: 2013-12-5 unsterilized 1g sample; 9: blank

4 Results

(1) We test the concentration of DNA by UV
Spectrophotometer and the result is in Tab 1.

(2) We use the electrophoresis analysis to test the PCR
result (Fig 4).

The BLAST results showed that the sequences of
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16stTRNA gene from Fluid inclusion in salt crystal has 99%
homology with that of DI-S-2 strain which was the original
strain before the fluid inclusion formed. It demonstrated
that this method was efficient to extract DNA from fluid
inclusion of salt crystals.

5 Discussion

Using this method, we can successfully extract the DNA
of DL-S-2 entrapped in the fluid inclusions. But we can’t
identify if there is any contaminate DNA. To ensure that,
we may put an unrelated DNA on the surface of the sample.
And detect this DNA after surface sterilization.
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extraction

Acknowledgements

This study was supported by the China Geological
Survey project (12120113019100), the project the Public
Welfare Major Program from MLR(201011001-4). Thanks
Pro. MP Zheng, Pro. KQ Cai, and Pro. J Lv for giving
suggestions for modification.

References

Hebsgaard MB, Phillips M, Willerslev E. 2005. Geologically
ancient DNA: fact or artefact? TRENDS Microbiol 13: 212—
220.

Heide. 2002. Bacterial life in ancient salt[J]. 16(2):110-113.

James C. Adamski, Jennifer A. Roberts, and Robert H.
Goldstein. 2006. Entrapment of Bacteria in Fluid Inclusions in
laboratory-grown halite. Astrobiology 6(4): 552-562.

Johnson SS, Hebsgaard MB, Christensen TR, Mastepanov M,
Nielsen R, et al. 2007. Ancient bacteria show evidence of
DNA repair. Proc Natl Acad Sci U S A 104: 14401-14405.

Norton C F, Grant W D. 1988. Survival of Halobacterial within
Fluid Inclusion in Salt Crystal[J]. Journal of General
Microbiology, 134:1365-1373.

Sankaranarayanan K, Timofeeff MN, Spathis R, Lowenstein TK,
Lum JK. 2011. Ancient microbes from halite fluid inclusion:
optimized surface sterilization and DNA extraction. PLOS
ONE, 6(6):1-8.

Vreeland R H, Rosenzweig W D, Powers D W. 2000. Isolation
of a 250 million-year- halotolerant bacterium from a primary
salt crystal[J]. Nature, 407:897-900.




<<
  /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


