Fatty acid chemistry of Atrichum undulatum and Hypnum andoi
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Abstract

The fatty acid compositions of the moss species Atrichum undulatum (Hedw.) P. Beauv.
(Polytrichaceae) and Hypnum andoi A.J.E. Sm. (Hypnaceae) collected in winter time were
analysed by gas chromatography (GC) and gas chromatography—mass spectrometry (GC—
—MS) as a contribution to their chemistry. Eight fatty acids were identified in the chloro-
form/methanol extract 1:1 of A. undulatum (linoleic acid, 26.80%, palmitic acid, 22.17%,
o-linolenic acid, 20.50%, oleic acid, 18.49%, arachidonic acid, 6.21%, stearic acid, 3.34%,
cis-5,8,11,14,17-eicosapentaenoic acid, 1.52% and behenic acid, 1.01%), while six fatty
acids were found in the same type of extract of H. andoi (palmitic acid, 63.48%, erucic acid,
12.38%, stearic acid, 8.08%, behenic acid, 6.26%, lignoceric acid, 5.16% and arachidic acid,
4.64%). According to this study, the moss A. undulatum can be considered as a good
source of both essential fatty acids for humans (linoleic acid and o+linolenic acid) during
the winter.
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Bryophytes are the second largest group of land
plants, after the flowering plants, with about 15,000 to
25,000 species and many intraspecific taxa [1]. They
have settled all known ecosystems from desert to arctic
with the exception of seas. In general, bryophytes con-
sist of three very diverse groups: hornworts, liverworts,
and mosses. The phytochemistry of bryophytes has
been neglected for a long time because they are very
small and difficult to collect in large amounts as pure
samples [2]. Today these plants are known to be a re-
servoir of interesting and useful chemicals such as lipo-
philic terpenoids [3,4], acetogenins [5] and bisbibenzyl
compounds [6]. Indeed, many new compounds are des-
cribed from bryophytes, mainly liverworts, which pos-
sess oil-bodies rich in terpens and terpene like substan-
ces. Mosses, another group of bryophytes, remain less
chemically studied since its members do not possess
oil-bodies in their cells [7]. Fatty acids are known to be
present within moss species but there are many as-
sumptions and generalisations from small number of
species studied [8—10]. Our continuing investigation of
these compounds from mosses [11-15] has recently led
to the identification of acetylenic fatty acids [16].

The objective of this study was to identify fatty
acids of the moss species Atrichum undulatum (Hedw.)
P. Beauv. (Polytrichaceae) and Hypnum andoi A.J.E. Sm.
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(Hypnaceae) by gas chromatography (GC) and gas chro-
matography/mass spectrometry (GC-MS) in corres-
ponding chloroform/methanol extracts 1:1 as a contri-
bution to their chemistry. To the best of our know-
ledge, there is no previous report on fatty acid chemis-
try of H. andoi, while only one report is available to
date in the case of A. undulatum collected in sun-ex-
posed habitat during summer time [9].

EXPERIMENTAL

Both mosses were collected in Germany in Decem-
ber 2007: A. undulatum in Kénigsforst near Kéln and H.
andoi in surrounding of Bonn. Voucher specimens were
deposited in the Herbarium of the Institute of Botany,
University of Belgrade, Serbia (bryophyte collection —
BEOU No. 4707 and 4709, respectively).

The moss samples were carefully selected and
cleaned from soil and other contaminants. The game-
tophyte tips were used for the extraction. Air-dried
parts of A. undulatum and H. andoi species were ground
(1 g) and extracted three times with the system chlo-
roform/methanol 1:1 for 1 h at room temperature
(9.76 and 7.07% extract yield, respectively). The ex-
tracts were evaporated to dryness and further trans-
esterified with 5% sulphuric acid in methanol (v/v) for 4
h at 80 °C. The resulting methyl esters of fatty acids
were analysed by comparing their GC FID chromato-
grams with the chromatogram of a standard mixture
(Supelco 37) obtained under the same conditions, and/
/Jor by analysis of GC—MS data using NIST 5 and Wiley 7
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libraries. Three analysis replicates and three biological
replicates were done.

The GC analyses were performed on an Agilent
7890A GC system equipped with a 5975C MSD and an
FID detector, using a DB-23 column (30 mx0.25 mmx
X0.25 um). The injection volume was 1 plL and injector
temperature was 220 °C with 10:1 split ratio. The car-
rier gas was He at a flow rate 0.9 mL/min, while the
column temperature was linearly programmed in the
range of 150-240 °C at a rate of 4 °C/min and held at
240 °C for 10 min. The transfer line was heated at 240
°C. The FID detector temperature was 300 °C. The El
mass spectra (70 eV) were acquired in the m/z range
40-500.

RESULTS AND DISCUSSION

Eight fatty acids were identified in A. undulatum:
linoleic acid, 26.80%, palmitic acid, 22.17%, a-linolenic
acid, 20.50%, oleic acid, 18.49%, arachidonic acid, 6.21%,
stearic acid, 3.34%, cis-5,8,11,14,17-eicosapentaenoic
acid, 1.52% and behenic acid, 1.01%, while six fatty
acids were found in H. andoi: palmitic acid, 63.48%, eru-
cic acid, 12.38%, stearic acid, 8.08%, behenic acid,
6.26%, lignoceric acid, 5.16% and arachidic acid, 4.64%.

The obtained results for A. undulatum are in good
agreement with previous studies [9], since arachidonic
acid and cis-5,8,11,14,17-eicosapentaenoic acid in mo-
nogalactosyldiacylglycerol (MGDG) fraction have been
presented in small-scale as well (8 and 1%, respecti-
vely). This moss species collected in winter time can be
considered as a good source for in vitro production of
both essential fatty acids for humans, linoleic acid and
a-linolenic acid [17]. A possible and the most appro-
priate way for the production of large amounts of A.
undulatum that can be used for the isolation of high-
lighted fatty acids are corresponding in vitro culture.
Therefore, the axenical culture of A. undulatum has
been established. Further studies are needed to com-
pare the content of fatty acids of in vitro grown and the
plants from natural habitats.
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1ZVOD
HEMIJA MASNIH KISELINA Atrichum undulatum | Hypnum andoi
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(Kratko saopstenje)

Kao doprinos izu¢avanju njihovog hemijskog sastava, u ovom radu GC i GC-MS Klju¢ne reci: Briofite ® Mahovine e Fito-
analizom ispitivane su masne kiseline mahovina Atrichum undulatum (Hedw.) P. hemija ® GC FID ¢ GC—MS e Linolna ki-
Beauv. (Polytrichaceae) i Hypnum andoi A.J.E. Sm. (Hypnaceae) sakupljene za vre- selina e ¢-Linolenska kiselina

me zimskog doba. U ekstraktu hloroform/metanol 1:1 vrste A. undulatum identi-
fikovano je osam visih masnih kiselina (linolna kiselina, 26,80%, palmitinska kise-
lina, 22,17%, a-linolenska kiselina, 20,50%, oleinska kiselina, 18,49%, arahidonska
kiselina, 6,21%, stearinska kiselina, 3,34%, cis-5,8,11,14,17-eikosapentaenska kise-
lina, 1,52% i behenska kiselina, 1,01%), dok je u istom ekstraktu vrste H. andoi na-
deno Sest visSih masnih kiselina (palmitinska kiselina, 63,48%, erukinska kiselina,
12,38%, stearinska kiselina, 8,08%, behenska kiselina, 6,26%, lignocerinska kise-
lina, 5,16% i arahidinska kiselina, 4,64%). Dobijeni rezultati ukazuju da u ispitiva-
nom vremenskom periodu mahovina A. undulatum predstavlja dobar izvor linolne
i a-linolenske kiseline, esencijalnih masnih kiselina za ljude.

209




<<
  /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
  /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

  /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 <>
    /RUS <>
    /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.)
  >>
  /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


