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Onuoxnerounast 3enenas Bogopocib Dunaliella salina
Teod. obuTaer BO BCEX COJICHOBOAHBIX IKOCHCTEMAX
Pa3HbIX KIMMAaTHYECKHUX IOSICOB, TIO3TOMY YCTOHMYMBOCTH
K a0MOTHYECKUM CTpeccaM JETaeT 3Ty MHKPOBOJOPOCIH
YHUKQJIBHBIM MOJIETIBHBIM 3KCTPEMO(DHUIIOM Ul M3yUCHUS
BINSHUS (AKTOPOB, BO3HUKAIOMMX Ha BCEX ATamax
KPHOKOHCEPBUPOBAHMS. MaJlo M3y4eHbI U TPOIECCHl KpUC-
TAIIU3A0WNA TIPA 3aMOPaKUBAHUH CIIOXKHBIX TEPMOIH-
HAaMHUYECKHAX CHCTEM, K KOTOPBIM OTHOCSITCS MHOTOKOM-
TIOHEHTHBIE COJIEBBIE CPE/IBl POCTa raJo(MIBHBIX MHKPO-
OpraHHU3MOB.

Llens paboThl — MCCIEAOBAaHUE TOIEPAHTHOCTH KIIETOK
D. salina Teod., mpeaBapuTeNbHO aJaNTHPOBAHHBIX
K pa3abM KoHtieHTparsM NaCl (1,5; 3; 4M), k MeuteHHOMY
3aMOpaXMBAHUIO; aHAJIN3 TEPMOTPAMM OXJIAXKJACHUS
9THX CYCTICH3MH /I pa3padOTKN HAyYHO-0OOCHOBAHHOTO
MO/IX0a K KPHOKOHCEPBUPOBAHMIO TANO(PHUIBHBIX MHUKPO-
BOJIOPOCIIEH.

W3yueHne moydeHHBIX ¢ MOMOIIBIO KIACCHYECKOTO
TEMIIEpPaTypHOTO aHAJIN3a TEPMOTPAaMM IpoIiecca OXJIaxkK-
JICHUS CO CKOPOCTBIO | Ipaj/MUH CIIOKHBIX COJIEBBIX CPEJL
1 KJIETOYHBIX CYCHEH3WH MHKPOBOJOPOCIHN B JAWAIIa30HE
temneparyp ot 15 1o —70°C mo3Boauio OUEHUTh CTENEHb
TIEPEOXJIAXK/ICHHSI M YCTAaHOBUTH TEMIEPaTyphl Hadaja Kpuc-
Tayu3anun. MHTepecHo, 4To BO Bcex oOpas3max oxiaxk-
nenue BIUIoTh 10 —30...—35°C He BIMIIO HA KU3HECTIOCO0-
HocTh Kietok D. salina Teod. o cpaBHeHHIO ¢ HATHBHON
KyJBTYpOH, XOTS Ha TEpMOrpamMMax B Juana3oHe oT —26,5
110 —32°C 0oTMEUYEHO NOSBIEHHE HOBBIX TEMIIEPATypPHBIX
TIEPETIa/IOB, BEPOSTHO IBTEKTUUECKUX 30H.

[Ipu nanbHeleM cHuUkeHUM Temieparypbl 10 —40°C
OoTMeJaJIach KOPPEISAIUs COXPaHHOCTH KJIETOK M CoJe-
HOCTH CpEJIbl: COXPAHHOCTh TEM BBIIIE, YEM BBIIIEC HCXOA-
Hasi coneHocTh. Hambonee «pamarnieckne» coOBITHSI HAa0-
Jmonanuck B cpene ¢ comepxanneM 1,5M NaCl — mocie
pa3sMopaxXxuBaHUsT 00pPa3IO0B MUKPOCKOIIMYECKH YCTAHOB-
JICHBI HEOOpaTHUMbIE CTPYKTYPHBIC MOBPEKACHUS IUIA3-
MajneMMBbl U xjoponnactoB 50—69% knerok. Pexynbru-
BHpPOBaHUE 3aMOpPOKeHHBIX 10 — 40°C m oTOrpeTsIx 00pa3-
II0B TAKKE BBISIBUJIO 3Ty 3aBUCHMOCTb.

CoxpaneHnue xu3zHecnocobnoctr kierok D. salina
Teod. B TemmneparypHoM amamazoHe oT —26,5 no —40°C,
BEPOSITHO, CBA3AHO C TEM, YTO C ITOBBIIICHHEM KOHIICHTpa-
i NaCl B cpene yBemMUIMBACTCS] KOJIMYECTBO BHYTPHUKIIC-
TOYHBIX JIUIHI0B, YTO CHIDKAET TEMIIEpaTypy BHYTpPH-
KJIETOYHOH KPHCTAILTH3AIINH.

Takum 00pa3om, Mpu KPUOKOHCEPBUPOBAHHUM ISt
HaMMEHBIIEH MOTEPH KU3HECTIOCOOHOCTH MHUKPOBOIOPOC-
neit D. salina Teod., kak u anus Apyrux ransoQuibHBIX
MHKPOOPTaHU3MOB, I[€JIeCO00pa3HO HCIOIb30BATh KYIIb-
TYpbI KJIETOK, TIPEIBAPUTEIHHO aAalTHPOBAHHBIC K TIOBBI-
IIICHHBIM KOHIICHTPALHSM COJICH.
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Unicellular green algae Dunaliella salina Teod. lives
in all salt water ecosystems of different climatic zones,
therefore the resistance to abiotic stresses makes this
microalgae an unique model extremophile for studying
the influence of factors arising at all the stages of
cryopreservation. The processes of crystallization during
freezing of complex thermodynamic systems, which
include multicomponent salt growth media of halo-
philic microorganisms, have been poorly studied as well.

The aim of this work was to study the tolerance of
D.salina Teod. cells, preliminary adapted to different
concentrations of NaCl (1.5; 3; 4M) to slow freezing and
analysis of cooling thermograms of these suspensions in
order to develop a scientifically based approach to the
halophilic microalgae cryopreservation.

The analysis of thermograms of cooling process
obtained at a rate of 1 deg/min of complex salt media and
cell suspensions of microalgae within the temperature
range from 15 to —70°C made it possible to estimate the
degree of supercooling and establish the temperatures
of crystallization onset. In all the samples, the cooling
down to —30...—35°C had no effect on the D. salina Teod.
cell viability in comparison with the native culture,
although on the thermograms within the range from
—26.5 to —32°C we noted the appearance of new tempe-
rature differences, probably in eutectic zones.

With a further temperature decrease down to —40°C,
there was a correlation between the cell survival and
medium salinity, i. e. the higher was initial salinity, the
higher was preservation rate. The most dramatic events
were observed in the medium with 1.5M NaCl content,
i. e. after sample thawing the irreversible structural dama-
ges of the plasma membrane and chloroplasts of 50—
69% of culture cells were established. Recultivation of
frozen down to —40°C and heated samples also revealed
this dependence.

The preservation of viability within the temperature
range from —26.5 to —40°C is probably related to the fact
that with an increase of NaCl concentration in the medium,
the number of intracellular lipids increases too, that re-
duces the temperature of intracellular crystallization.

Thus, for the D.salina Teod. microalgae, as well as for
other halophilic microorganisms, in order to minimize a
loss of cell viability during cryopreservation, it is expedient
to use the cell cultures, preliminary adapted to increased
salt concentrations.

npo6nemu kpiobionorii i kpiomeauUMHN

problems of cryobiology and cryomedicine
Tom/volume 29, Ne/issue 2, 2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /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 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /RUS <>
  >>
  /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


