
690 0009-3130/09/4505-0690  ©2009 Springer Science+Business Media, Inc.

Chemistry of Natural Compounds, Vol. 45, No. 5, 2009

ISOLATION OF CYSTEINE-RICH PEPTIDES
FROM Nigella sativa SPROUTS
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Peptides containing six and eight cysteines were isolated by acid extraction and subsequent three-step
chromatography from Nigella sativa sprouts.  The molecular weights of the resulting fractions were determined
by MALDI-TOF mass spectrometry.
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A whole arsenal of mechanisms, the most important of which is the synthesis of proteins and peptides with antimicrobial
properties, is used to protect plants from pathogens [1].  Several families of antimicrobial peptides that differ in molecular
structure and biological activity such as thionins, defensins, hevein- and knottin-like peptides, cyclotides, and lipid-transfer
proteins have been observed in plants [2–4].  The study of antimicrobial peptides (AMP) has fundamental significance for
explaining the molecular mechanisms of the acquired immunity of plants and is of great practical interest for developing a new
strategy for battling pathogens and agricultural pests that is based on genetic engineering methods.  The search for AMP from
new plant sources is just as promising for developing a new generation of drugs and preservatives for the food industry.

Our goal was to develop methods for preparative isolation of AMP from two-week sprouts of Nigella sativa L.  We
have previously performed analytical separation of total extracts from seeds and sprouts [5] and isolated and characterized a
lipid-transfer protein from seeds [6].

Acid extraction followed by three-step chromatography was used to isolate AMP from N. sativa sprouts.  Two main
fractions that eluted at different NaCl concentrations (100 and 500 mM) were obtained from Hi Trap Heparin HP affinity
sorbent.  The fractions were separated by exclusion chromatography (gel-filtration) over a column of SuperdexTM Peptide
HR.  Gel-filtration of the 100-mM fraction produced five fractions that were not protein or peptide; the 500-mM fraction, five
fractions, two of which were protein or peptide.

Mass spectrometry of the 500-mM fraction showed that it contained fraction 3 with MW 9018 Da and fraction 4 with
MW 4965 and 5071 Da that were characteristic of AMP.  Therefore, these fractions were further separated into pure components.

The components were purified by RP-HPLC (Fig. 1).  Chromatographic separation of fraction 3 produced two fractions
with MW 9016 Da in the first and 8992 and 9153 Da in the second.  Fractions 4–10 contained fractions with MW in the range
4862-5072 Da.

Fractions were rechromatographed by RP-HPLC under conditions analogous to those for purifying the components
in order to establish the homogeneity of the isolated peptides.  The peptide with MW 9016 Da and peptides with MW in the
range 4862–5072 Da were homogeneous.

The isolated peptides were characterized by determining the number of cysteine units in the molecule.  For this,
peptides were reduced and alkylated.  Then, the products were separated by RP chromatography over a column of Vydac C18
(4 × 250 mm).  The resulting fractions were analyzed by mass spectrometry.  The MW of the reduced and alkylated peptide of
9016 Da increased by 840 Da compared with the native peptide.  This was consistent with eight cysteines in this peptide.  The
MW of peptides of fraction 4 (with MW in the range 4862–5072 Da) increased by 630 Da compared with the native peptides.
This was consistent with six cysteines in them.
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Thus, 11 peptides, one of which with MW 9016 Da was preliminarily identified as a lipid-transfer peptide and the
others, d- and γ-defensins, were isolated from two-week sprouts of N. sativa.

EXPERIMENTAL

Acid extraction of peptides and proteins, desalting of samples, and MALDI mass spectrometry were carried out as
before [5].

Affinity Chromatography over a Hi Trap Heparin HP Column (2.5 × 5 cm) (Amersham Biosciences, England)
Using a NaCl Gradient.  The desalted extract was separated by affinity chromatography over a column equilibrated with Tris-
HCl (10 mM, pH 7.2, buffer A).  After elution of the unbound fraction, peptides and proteins were eluted by a stepwise
concentration gradient of NaCl (0.1–0.5–1 M) in Tris-HCl (10 mM, pH 7.2) over 2 h at flow rate 1.2 mL/min and room
temperature.  Proteins and peptides were detected at 214 nm.

The collected fractions were evaporated to dryness in a Speedvac vacuum concentrator (Savant, USA) and redissolved
in TFA (0.1%).

Gel Filtration over a SuperdexTM Peptide HR Column (10 × 300 mm).  Desalted fractions were separated by gel
filtration over a column equilibrated with CH3CN (5%) in TFA (0.05%) at flow rate 15 mL/h.  Proteins and peptides were
detected at 214 nm.

RP HPLC over a Luna C18 Phenomenex Column (4.6 × 150 mm).  Components from gel filtration were purified
by RP HPLC over a column equilibrated with CH3CN (10%) in TFA (0.1%).  The elution took 40 min at flow rate 0.8 mL/min
with a linear gradient from 10 to 50% CH3CN in TFA (0.1%).  Proteins and peptides were detected at 214 nm.

Reduction of Peptides Using Dithioerythritol and Alkylation Using 4-Vinylpyridine.  Dried peptide was dissolved
in guanidinium  hydrochloride (35 μL, 6 M) and  EDTA  (2 mM)  in  Tris-HCl  (0.5 M, pH 8.5) and treated with isopropanol
(5 μL).  The tube was shaken on a vortex stirrer, settled by centrifugation, treated with dithioerythritol (4 μL, 0.7 M) in i-PrOH
(10 μL  i-PrOH,  1 mg 1,4-dithioerythritol),  left  in  a  thermostat at 40°C for 4 h,  treated with vinylpyridine (4 μL, 50%) in
i-PrOH, shaken on the vortex stirrer, centrifuged, left in the dark at room temperature for 20 min, and treated with TFA (30 μL,
0.1%) to stop the reaction.  The products were immediately separated by HPLC over a Vydac C18 column (4 × 250 mm).

RP HPLC over a Vydac C18 column (4.6 × 250 mm, Pharmacia Fine Chemicals, Sweden) was carried out as
before [5].
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Fig. 1.  Chromatographic separation by RP-HPLC over a Luna C18 column (4.6 × 150 mm) using
a CH3CN gradient (10–50%) over 40 min of fractions 3 (a) and 4 (b) obtained by separation of
fraction (500 mM) over a SuperdexTM Peptide HR column at flow rate 0.8 mL/min.

1

2

20       26       32        38       44       50        56

1

2
A214

0
0         6         12       18       24        30       36        42

0

0.5

1.0

1

2

3
4

5 6

7

8

9 10

Time, min

a bA214

Time, min



692

REFERENCES

1. P. C. Selitrennikoff, Appl. Environ. Microbiol., 67, 2883 (2001).
2. W. F. Broekaert, B. P. A. Cammue, M. F. C. De Bolle, K. Thevissen, G. W. De Samblanx, and R. W. Osborn, Crit.

Rev. Plant Sci., 16, 297 (1997).
3. F. Garcia-Olmedo, A. Molina, J. M. Alamillo, and P. Rodriguez-Palenzuela, Biopolymers, 47, 479 (1998).
4. F. Garcia-Olmedo, P. Rodriguez-Palenzuela, A. Molina, J. M. Alamillo, E. Lopez-Salanilla, M. Berrocal-Lobo, and

C. Poza-Carrion, FEBS Lett., 498, 219 (2001).
5. Yu. I. Oshchepkova, E. A. Rogozhin, O. N. Veshkurova, Ts. A. Egorov, and Sh. I. Salikhov, Khim. Prir. Soedin.,

247 (2009).
6. Yu. I. Oshchepkova, O. N. Veshkurova, E. A. Rogozhin, A. Kh. Musolyamov, A. N. Smirnov, T. I. Odintsova,

Ts. A. Egorov, E. V. Grishin, and Sh. I. Salikhov, Bioorg. Khim., 35, 344 (2009).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Saturation
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 <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


