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PRIMARY STRUCTURE OF INSECTOTOXIN BucalT FROM
THE SUBSPECIES Mesobuthus caucasicus

N. Zh. Sagdiev,” Zh. F. Ziyavitdinov, and Sh. I. Salikhov UDC 577.112.5:595.44-114.5.088

Scorpion venoms have been used for millennia to treat many diseases [1]. Their compositions display a high degree
of heterogeneity [2]. Whole scorpion venom affects both invertebrates and vertebrates owing to the presence in it of a large
amount of polypeptide toxins with 3—4 disulfide bonds. Scorpion toxins are subdivided into two classes. These are short ones
with molecular weights up to 4,000 Da and long ones, up to 7,200 Da. Within these two large groups, they are classified
according to their physiological action on potential-dependent Na*-channels, K'-channels, and Ca2"-channels in addition to
volume-dependent Cl channels. Scorpion toxins are widely used in medicine and the economy, in particular, to create transgenic
varieties of agricultural plants (wheat, soy, rice, etc.) that exhibit high resistance to various types of parasites and are broadly
represented on the market [3].

Special attention has recently been paid to the identification of insect-selective toxins that can be used to create
recombinant biopesticides as an alternative to highly toxic chemical agents for battling insect pests. The goal of our work was
to isolate and establish the structure of insectotoxin from venom of the subspecies Mesobuthus caucasicus.

According to disk electrophoresis in 15% PAAG and isoelectric focusing, whole venom from M. caucasicus is a
multi-component mixture containing at least 20-22 different protein-peptide components. Difficultly soluble nontoxic
mucoproteides (~10% of whole venom mass) were separated by centrifugation. Whole venom was separated by gel
chromatography over a column of Toyo Pearl HW 55f gel and cation-exchange chromatography over CM-Toyo Pearl 650M.
The chromatographic separations produced 17 peaks. Each fraction was preliminarily desalted and then tested for biological
activity. Fraction Mc-4-2 had the greatest activity against mealy worm larvae. This was separated by reversed-phase HPLC
over a Nucleosil 5C ;¢ column (4.6 mm x 250 mm) using a Mashrey-Nagel (USA) HPLC and gradient elution. The buffer
systems were A (0.1% TFA) and B (CH;CN). Detection was carried out at 226 nm at sensitivity 0.2 AUFS.

During the course of physiological tests at the Institute of Physiology and Biophysics, Academy of Sciences, Republic
of Uzbekistan, in collaboration with Prof. P. B. Usmanov, it was found that fraction Mc-4-2-7 at a dose of 5 pg/g caused
instantaneous paralysis of cockroaches, mealy worms, and bollworm. Therefore, the insectotoxin from M. caucasicus scorpion
venom was designated BucalT.

The next step was to perform structural studies of the isolated polypeptide toxins. Fraction 4-2-7 was rechromatographed
by HPLC over a Nucleosil 5C 4 column under the aforementioned conditions and lyophilized. Mass spectroscopy determined
the molecular weight (MW) of the toxin as 3830.16 Da. The MW after reduction and carboxymethylation was 4232.75 Da.
The difference of 402.59 Da led to the conclusion that BucalT contained eight cysteine residues.

The following sequence was found by establishing the structural features of BucalT using automated determination
of the amino-acid sequence by the Edman method:

5 10
Met- Cys- Met- Pro- Cys- Phe- Thr- Thr- Asp- Ala- Asn- Met- Ala- Arg-
15 20 25
Lys- Cys- Ser- Asp- Cys- Cys- Gly- Gly- Asn- Gly- Lys- Cys- Phe- Gly-
30 35

Pro- Gln- Cys- Leu- Cys- Asn- Arg- Ala.
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The C-terminus Ala was determined from the difference of the MW of total amino acids 1-35 and the total MW of
BucalT.

Comparative structural studies of the BucalT sequence using the program BLAST [4] showed that BucalT was
similar to short scorpion toxins. The best match was observed for Insectotoxin-ISA (94%), Insectotoxin-14, Neurotoxin
MeuClITx, Neutotoxin Bm 12-b (94%), Neurotoxin BmKCT (91%), Neurotoxin MeuCITx-1 (88%), Insectotoxin-15 (85%),
and Chlorotoxin (CTX)(CITx) (82%).

A comparison of the structural features of BucalT with other short toxins isolated from scorpion venom showed that
a detailed study of the pharmacological and physiological properties of this venom was needed.

Considering the high homology of the amino-acid sequence, similar 3D structures of BucalT and other short toxins
were proposed [5]. A structural model of insectotoxin BucalT that was generated using the Swiss-model protein modeling
server [6] and was based on structural features of Chlorotoxin and Insectotoxin ISA showed that BucalT had a typical structure
for scorpion toxins consisting of one a-spiral and three antiparallel S-sheets with four disulfide bonds formed between residues
Cys16—Cys31, Cys5—Cys26, Cys20—Cys33, and Cys2—Cys19.

REFERENCES

1. T. Junghanss and M. Bodio, Clin. Infect. Dis., 43, No. 10, 1309 (2006).

2. C. Goudet, C. W. Chi, and J. Tytgat, Toxicon, 40, No. 9, 1239 (2002).

3. P. Christou, T. Capell, A. Kohli, and J. A. Gatehouse, Trends Plant Sci., 11, No. 6, 302 (2006).

4. S. F. Altschul, T. L. Madden, A. A. Schaffer, and J. Zhang, Nucleic Acid Res., 25, No. 17, 3389 (1997).

5. I. Huys, E. Waelkens, and J. Tytgat, J. Chromatogr. B: Anal. Technol. Biomed. Life Sci., 803, No. 1, 67 (2004).
6. K. Arnold, L. Bordoli, J. Kopp, and T. Schwede, Bioinformatics, 22, No. 2, 195 (2006).

1044




<<
  /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 false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 ()
  /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


