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METABOLITES OF THE MARINE SPONGE Suberites cf. aurantiacus

L. P. Ponomarenko,!” O. A. Vanteeva,! S. A. Rod’kina,2 UDC 547.925:577.115.3:593.433
V. B. Krasokhin,! and Sh. Sh. Afiyatullov!

Fractions of free sterols and sterol esters were observed in the ethylacetate extract of the marine sponge
Suberites cf. aurantiacus and their compositions were determined. It was found that cholesterol was the
predominant component in all sterol forms. The esters had a high content of unsaturated long-chain fatty
acids (C,,~C,4). Sterol acetates have not been previously observed in marine invertebrates.
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Sponges of the genus Suberites contain various hemolytic toxins, proteins, suberitane sesterterpenes, and other natural
compounds [1-6]. However, the lipid composition of these sponges is poorly studied. At present sterols and fatty acids of
several Suberites species have been studied [7—13]. Herein we report results from a study of the principal sterol and fatty-acid
components from the EtOAc extract of the Caribbean sponge Suberites cf. aurantiacus.

The same set of secondary metabolites was observed during preliminary comparison by TLC of the EtOH and EtOAc
extracts of S. cf. aurantiacus. Both extracts showed three spots with Rf 0.48, 0.88, and 0.95 (hexane:EtOAc, 3:1). Further
studies used the EtOAc extract because it contained greater amounts of these metabolites. It was separated by normal column
chromatography over silica gel. The resulting fractions were homogeneous according to TLC. PMR analysis revealed
complicated mixtures of A3 sterols (characteristic resonances at d 0.68, s, CH;-18 and 1.01, s, CH;-19); A; sterol acetates
(characteristic resonances at 8 0.68, s, CH;-18; 1.02, s, CH3-19; and 2.02, s, Ac); and fatty-acid esters of AS sterols [characteristic
resonances at & 0.68, s, CH;-18; 1.02, s, CH;-19; and 1.25, s, (-CH,-),]. The sterol compositions of these fractions were
analyzed further using GC and GC-MS of the sterol acetates. Fatty acids were identified by these same methods using the
corresponding methyl esters and pyrrolidide derivatives.

The extract of S. ¢f. aurantiacus contained mainly A sterols and their derivatives. Fractions of sterols, sterylacetates,
and sterol esters of fatty acids had compositions similar to that of the sterols (Table 1). The predominant component in all
sterol compounds was cholesterol (cholest-5-en-3 5-ol, 42.4-44.6%). Cholestanol (5a-cholestan-33-ol) occurred in the fractions
in insignificant (1.0-2.5%) amounts. Cholestanol was observed as the predominant component in sterol fractions of previously
studied sponges S. domuncula [7, 8], S. japonicus [9], and the Mediterrean S. carnosus [10]. However, S. carnosus collected
in the Indian Ocean [11] contained ergosterol derivatives. The sponge S. vestigium produced A sterols, similar to the sponge
studied by us, in addition to A7 steroidal alcohols, in contrast with it [12].

At least 30 fatty-acid sterol esters were found in S. cf. aurantiacus:

Fatty acid % Fatty acid % Fatty acid %
14:0 1.0 i-19:0 (17-Me-18:0) 0.4 22:1 A° 0.3
4.8,12-Me;-13:0 2.4 ai-19:0 (16-Me-18:0) 0.1 22:0 0.1
15:0 0.2 19:0 0.3 23:1 A’ 0.5
16:1A° 0.1 i-20:0 (18-Me-19:0) 1.0 23:0 0.1
16:0 3.8 ai-20:0 (17-Me-19:0) 0.5 24:1 A7 10.9
i-17:0 (15-Me-16:0) 0.2 20:0 0.7 252 A 3.1
17:0 0.8 i-21:0 (19-Me-20:0) 13 26:2 AY 53.3
18:1 A° 0.2 ai-21:0 (18-Me-20:0) 0.6 26:1 A" 11.6
18:1 A 2.0 21:0 0.2 26:1 A” 2.1
18:0 1.1 i-22:0 (20-Me-21:0) 0.3 27:2 A 0.6.
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TABLE 1. Sterol Composition of Various Fractions Isolated from S. cf. aurantiacus, % of Corresponding Fraction

Fraction
Sterol
free sterols sterol acetates sterol fatty acid esters
Cholesta-5,22-dien-3 ol 5.5 3.0 53
Cholest-5-en-3 ol 424 44.6 42.8
Cholestan-3 ol 1.9 1.0 2.5
Unident. C,,A%% sterol 2.1 1.3 2.3
24&-Methylcholesta-5,22-dien-3 f-ol 11.5 9.6 10.2
24&-Methylcholest-5-en-3 S-ol 4.8 4.6 42
24&-Ethylcholesta-5,22-dien-3 f-ol 10.7 11.0 8.7
24 &-Ethylcholest-5-en-3 f-ol 21.0 24.8 23.9

Over half of the total mixture of acids was C26A5’9-demospongic acid; approximately 15 and 28%, saturated and
monoene fatty acids, respectively. The content of polyunsaturated fatty acids reached up to 57%. The fatty-acid composition
from the total lipid fraction was identical in principle with that of fatty acids obtained from their sterol esters.

Previously studied fatty-acid fractions from S. domuncula [7] and S. massa [13] also contained many components
and significant quantities of C26A5’9, 14.1 and 21.3%, respectively. A sharp difference was observed in the content of C,g:3
acids, 23.2% in S. domuncula [7] and 11.8% (C,eA>*1? 11.1 and C,gA>%2! 0.7%) in S. massa [13], whereas we did not
observe such acids. Only C 4 saturated acid and its methyl ester were found in S. carnosus [11]. Fatty acids were present as
monoglycerides (batyl ester and its analogs) in S. vestigium [12].

Thus, we observed an unusual composition of sterol derivatives in S. cf. aurantiacus that differed primarily by the
presence of sterol acetates. Cholesterol acetate was isolated previously from green algae [14] and mutant yeast cells [15];
sitosterol acetate (24R-ethylcholest-5-en-3-ol), from higher plants [16-18]. The remaining components found in the sterol-
acetate fractions should probably be considered to be new natural compounds. This is even more surprising if it is considered
that acetates are frequently encountered in marine steroids such as polyhydroxysteroids and glycosides. Among metabolites
of marine invertebrates, the closest structural analog to the compounds isolated by us is Sa-pregn-20-en-3 c-ol acetate. It was
observed as a minor component of the extract from an unidentified soft coral collected near Canton Island [19]. An important
difference between it and the compounds identified by us is its shortened side chain that contained only two C atoms and the
location of the acetate in the 3 o-position.

EXPERIMENTAL

PMR spectra were recorded in CDCl; on a Bruker DPX-300 spectrometer with TMS internal standard. GC-MS of
sterol acetates was carried out on a Hewlett—Packard HP 6890 GS system equipped with an HP-5MS column at 270°C.
GC-MS of fatty-acid pyrrolidides used a Shimadzu QP-5050A instrument with an MDN-55 column with temperature gradient
210-270°C at 3°C/min and then 40 min under isothermal conditions at 270°C. The carrier gas was He; ionizing potential,
70 eV. GC of sterol acetates was performed on an Agilent 6850 series GC System with an HP-5MS column at 270°C; GC of
fatty-acid methyl esters and pyrrolidides, on a Shimadzu GC-17a chromatograph equipped with an SPB-5 capillary column at
205°C or a Supelcowax-10 at 210°C. The carrier gas was He.

Biological Specimen. The sponge was collected by diving to a depth of 10 m near Pines Island (Cuba) and was
identified as Suberites cf. aurantiacus (Suberitidae, Hadromerida) by V. B. Krasokhin. The sponge was lyophilized immediately
after collection and stored at —18°C. The specimen was preserved in the collection of the Pacific Institute of Bioorganic
Chemistry (Vladivostok, PIBOCO01-063).

Extraction and Isolation. Lyophilized specimens (160 g) were ground and extracted with EtOAc (3 x 1 L). The
combined extract was evaporated in a rotary evaporator to a viscous dark residue (3.4 g) that was separated by normal column
chromatography over silica gel (50—100 um, Sorbfil, Russia) using hexane with an increasing content of EtOAc. This produced
three fractions of sterol fatty-acid esters (SFAE, 0.20 g, 5.8 wt% of extract, hexane:EtOAc, 100:1 v/v), sterol acetates (SA,
0.14 g, 4.2 wt% of extract, hexane:EtOAc, 95:1), and free sterols (FS, 1.02 g, 29.6 wt% of extract, hexane:EtOAc, 10:1). The
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SFAE fraction was worked up with MeONa in MeOH and then HCI in MeOH as before [20]. Chromatography over silica gel
using hexane afforded fatty-acid methyl esters (SFAE-a); hexane:EtOAc (10:1), free steroidal alcohols (SFAE-b). The resulting
fractions of FS and SFAE-b were acetylated as usual by a mixture of acetic anhydride and pyridine at room temperature. The
resulting sterol acetates were isolated and identified by GC-MS using the appropriate standard sterols [21].

The fraction of total lipids was extracted by CHCl;:MeOH (2:1) [22] from the lyophilized specimen (2 g). Fatty-acid
methyl esters were prepared as described above [23] and purified by preparative TLC on Sorbfil (Russia) plates using benzene.
Fatty-acid pyrrolidides for MS analysis were prepared as before [24] and purified by preparative TLC using EtOAc. Fatty-
acid methyl esters and the corresponding pyrrolidides were identified by comparison of their GC and MS properties with those
reported [23].

ACKNOWLEDGMENT

The research was supported by the RAS Program “Molecular and Cellular Biology”, a grant of the RFBR No. 08-04-
00599-a, and a grant of the RF President for Support of Leading Scientific Schools NSh-2813.2008.4.

REFERENCES

1. L. Cariello and L. Zanetti, Comp. Biochem. Physiol. Part C: Pharmacol., Toxicol., Endocrinol., 64, 15 (1979).
2. H. C. Schroder, H. J. Breter, E. Fattorusso, H. Ushijima, M. Wiens, R. Steffen, R. Batel, and W. E. G. Muller, Appl.
Environ. Microbiol., 72, 4907 (2006).

3. H. Cetkoic, A. Mikoc, W. E. G. Muller, and V. Gamulin, J. Mol. Evol., 64, 332 (2007).

M. Wiens, M. Korzhev, S. Perovic-Ottstadt, B. Luthringer, D. Brandt, S. Klein, and W. E. G. Muller, Mol. Biol.

Evol., 24, 792 (2007).

H.-S. Lee, J.-W. Ahn, Y.-H. Lee, J.-R. Rho, and J. Shin, J. Nat. Prod., 67, 672 (2004).

A. R. Diaz-Marrero, I. Brito, M. Cueto, A. San-Martin, and J. Darias, Tetrahedron Lett., 45, 4707 (2004).

S. De Rosa, C. Iodice, J. Nechev, K. Stefanov, and S. Popov, J. Serb. Chem. Soc., 68, 249 (2003).

A. Dini, B. Falco, M. Ferrigni, and D. Sica, Experientia, 40, 170 (1984).

P. S. Dmitrenok, T. N. Makar’eva, L. K. Shubina, V. B. Krasokhin, and V. A. Stonik, Khim. Prir. Soedin., 461

(1988).

10. D. Sica, D. De Simone, D. Senatore, and F. Zollo, Gazz. Chim. Ital., 110, 147 (1980).

11. P. D. Mishra, S. Wahidulla, L. D. Souza, and S. Y. Kamat, Indian J. Chem., Sect. B: Org. Chem. Incl. Med. Chem.,
35, 806 (1996).

12. P. D. Mishra, S. Wahidulla, L. D. Souza, and S. Y. Kamat, Indian J. Chem., Sect. B: Org. Chem. Incl. Med. Chem.,
36, 719 (1997).

13. G. Barnathan, J.-M. Kornprobst, P. Doumeng, J. Miralles, and N. Boury-Esnault, J. Nat. Prod., 56, 2104 (1993).

14. A. Rehman, Pakistan Research Repository, 250 (1994).

15. R. Tiwari, R. Koffel, and R. Schneiter, Eur. Mol. Biol. Organ. J., 26, 5109 (2007).

16. C. Y. Ragasa, H. T. Ngo, and J. A. Rideout, J. Aisan Nat. Prod. Res., 7,7 (2005).

17. S. Shameel, K. Usmanghani, M. S. Ali, and V. U. Ahmad, Pak. J. Pharm. Sci., 9, 11 (1996).

18. D. A. Mulholland, S. E. Tourine, D. A. H. Taylor, and F. M. Dean, Phytochemistry, 47, 1641 (1998).

19. M. A. Higgs and D. J. Faulkner, Steroids, 30, 379 (1977).

20. J. P. Carreau and J. P. Dubacq, J. Chromatogr., 151, 384 (1978).

21. E. A. Santalova, T. N. Makarieva, L. P. Ponomarenko, V. A. Denisenko, V. B. Krasokhin, E. Mollo, G. Cimino, and
V. A. Stonik, Biochem. Syst. Ecol., 35, 439 (2007).

22. E. G. Bligh and W. J. Dyer, Can. J. Biochem. Physiol., 37, 911 (1959).

23. S. A. Rod’kina, Chem. Nat. Comp., 43, 515 (2007).

24. B. A. Andersson, W. W. Christie, and R. T. Holman, Lipids, 10, 215 (1975).

»

A PR IS

337



	Abstract
	Keywords
	EXPERIMENTAL
	Biological Specimen
	Extraction and Isolation

	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 2400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


