INTRODUCTION

Primary structure, disulfide connectivity and post-translational
modifications of biomolecules such as proteins and peptides can
be determined by the application of fragmentation techniques
unique to FT-ICR (1). We have performed electron capture
dissociation (ECD) analysis of a peptide toxin (Mo1274) isolated
from a vermivorous snail, Conus monile, to identify and localize
bromination of tryptophan, a rare post-translational modification.
The complete sequence, GNWCCSARVCC, in which W denotes
bromotryptophan, was derived from MS-based de novo
sequencing, employing electron capture dissociation, infrared
multiphoton dissociation (IRMPD) and collision-induced
dissociation (CID). Disulfide connectivity of Mo1274, between
cysteine pairs 1-3 and 2-4, was determined by mass spectrometry in
combination with chemical derivatization with tris(2-carboxyethyl)
phosphine (TCEP), followed by differential alkylation with N-
ethylmaleimide (NEM) and iodoacetamide.

RESULTS

Determination of Primary Structure

The mass spectrum of one of the HPLC fractions had an unusual
isotopic distribution pattern, presumptive of containing one
bromine atom. (Figure 1). The doubly-charged ion species, upon
deconvolution yielded a neutral monoisotopic molecular mass of
1274.32 Daandis thus labeled Mo1274.
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Figure 1. HPLC purification profile of C.monile venom extract.
Fractionation was carried out with a Phenomenex C,; RP column and

eluted at 1 mL min” with a linear gradient of acetonitrile, containing
0.1% TFA. Inset shows a 9.4 T ESI FT-ICR mass spectral segment for
the LC peak at 22.9 min (denoted by an arrow in the chromatogram).
The doubly charged peak at m/z 638.16 after deconvolution yielded a
monoisotopic neutral mass of 1274.32 Da, subsequently referred to
as Mo1274.

Following reduction with TCEP and alkylation with NEM, the mass of
Mo1274 increased to 1778.54 Da, indicating the presence of two
disulfide bonds. From CID and IRMPD data (Figures 2 & 3), a partial
sequence was derived through manual analysis, including
assignment of a bromotryptophan near the N-terminus.
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Figure 2. Collision-induced dTézsociation (CID) mass spectrum of
TCEP-reduced and NEM-labeled Mo1274, recorded witha14.5 T LTQ
FT-ICR mass spectrometer. The doubly-charged ion at m/z 890.30
was selected as the precursor ion. Inset shows the sequence
derived from this MS/MS spectrum. C denotes alkylated cysteine.
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Figure 3. Infrared multiphoton dissociation (IRMPD) mass spectrum
of TCEP-reduced and NEM-labeled Mo1274, recorded witha9.4 T FT-
ICR mass spectrometer. The doubly-charged ion at m/z 890.27 was
selected as the precursorion.

Complete amino acid sequence was obtained from ECD of the
modified peptide, which produced distinct z- ions that retained the
tryptophan bromination (Figure 4). The sequence was validated after
digesting the NEM labeled peptide with trypsin, followed by MS/MS
analysis (Figure 5).
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Figure 4. Electron capture dissociation (ECD) mass spectrum of

doubly protonated, fully NEM-labeled Mo1274. The difference in mass
of 57 Dabetween z,,and z,, ions identifies a glycine residue at position

1 of Mo1274. Similarly, the mass difference of 114 Da obtained from

the ion pairs z, and z,, may be assigned to an asparagine residue at

position 2. Note the peak at m/z 1654.48, corresponding to the
previously unreported loss of one NEM moiety from the [M+2H] ion
species.
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Figure 5. CID mass spectrum of the NEM labeled Mo1274 after
trypsin digestion. The doubly-charged N-terminal 1223 Da fragment,

and the C-terminal 573 Da fragments were isolated in a linear ion trap
and subjected to CID MS/MS fragmentation.
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Unigue losses induced by ECD

When ECD was performed on the doubly protonated species of the
native peptide, a loss of Br (m = 78.91) was observed (Figure 6). The
loss of bromine is demonstrated not only by the mass difference but
also in the change in the isotopic distribution. To probe the role of
disulfide bonds among these different modes of fragmentation by
ECD, we generated a partially modified peptide fraction (in which one
of the two disulfides of Mo1274 was alkylated with NEM) followed by
ECD fragmentation. In addition to Br loss, a prominent peak with a
mass difference of 125.05 Da, from the charge reduced species was
observed (Figure7). A similar peak was observed by ECD when ali
cysteines of Mo1274 were modified by NEM (Figure 4). These data
indicate loss of NEM from the modified cysteine, given that the exact
mass of NEM is 125.047 Da.
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Figure 6. ECD mass spectrum of native Mo1274. The doubly
protonated ion at m/z 638.16 was selected as the precursor ion. The
ion of m/z 1276.31 [M+2H]' is formed from the precursor ion [M+2H]*
by charge neutralization. The prominent ions at m/z 1243.34 and

1197.40 originate from m/z 1276.31 through the loss of SH and Br

moieties, respectively.
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Figure 7. ECD mass spectrum of partially modified Mo1274, in which
one pair of cysteines was labeled by NEM. Loss of Br and NEM
represent the major peaks.

Disulfide linkage map

IRMPD analysis of the reduced and differentially labeled Mo1274
(sequence: GNWCCSARVCC, in which W is bromotryptophan)
indicate that cysteine pairs 1-3 and 2-4 are disulfide-bonded (Figure 8).
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Figure 8. Infrared multiphoton dissociation mass spectrum of
differentially alkylated Mo1274. The doubly-charged ion at m/z 822.24
is the precursor ion. Direct sequence analysis shows that the
cysteines (labeled as C) at amino acid positions 4 and 10 are alkylated
by NEM and the remaining cysteines (labeled as C”) at positions 5 and
11 are alkylated by iodoacetamide.

METHOD

Isolation and purification of venom toxin

Snail venom preserved in ethanol was concentrated and fractionated
with an HP 1100 series HPLC system. Initial purification was performed
with a semi- preparative reversed-phase C18 column (Jupiter,
Phenomenex, 10x250 mm,) with a 50 min 20% to 95% gradient elution of
solution A (0.1% trifluoroacetic acid [TFA] [v/v] in water) and solution B
(0.1% TFA [v/v] in acetonitrile). Final purification was done through an
analytical column (Zorbax, 4.6x250 mm).

Chemical derivatization

Partial reduction and alkylation

For partial reduction, approximately 250 pmol of Mo1274 was dissolved
in 50: 50 (v/v) water, 0.1% formic acid / acetonitrile and mixed with stock
TCEP prepared in 200 mM sodium citrate buffer, pH 3.0, to obtain a final
TCEP concentration of 5 mM. The solution was incubated at 37 °C for 5
min. Subsequent alkylation was performed by the addition of N-ethyl
maleimide stock solution to a final concentration of 75 mM, followed by
incubation at room temperature for 1 hour. Mixtures of partially and fully
modified fractions were separated by the use of reversed-phase HPLC.

Complete reduction and alkylation

The remaining disulfide bond in the partially reduced and alkylated
Mo1274 was completely reduced by treatment with 10 mM TCEP in 100
mM Tris-HCI buffer, pH 8.0 at 37 °C for 1 hour, followed by alkylation with
25 mM iodoacetamide at room temperature in the dark for 1 hour. The
resulting peptide was purified by reversed-phase HPLC and analyzed
by FT-ICRMS.

Mass spectrometry

All experiments were conducted with a home-built, unshielded 7.0 T (2),
passively shielded 9.4 T FT-ICR mass spectrometer (3) or a linear ion
trap LTQ system (Thermo Electron Corporation) coupled to a home-built
145 T ICR (4). Samples were infused by use of an automated
nanoelectrospray system (Nanomate, Advion Biosciences, Ithaca, NY).
For IRMPD, quadrupole-isolated precursor ions were photon irradiated
witha40 W, 10.6 um CO, laser (Synrad, Mukilteo, WA). During ECD, the

isolated ions were collided with low energy electrons emitted from an
indirectly heated dispenser cathode (Heat Wave, Watsonville, CA). CID
was performed in the linear ion trap mass spectrometer with He as the
collision gas.

FT-ICR MS-based structural characterization of a novel conotoxin from Conus monile: Determination of bromotryptophan by use of electron capture dissociation
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CONCLUSIONS

The primary structure of Mo1274, GNWCCSARVCC, in which W denotes
bromotryptophan, was determined through mass spectrometry-based
de novo sequencing. The disulfide connectivity between cysteine pairs
1-3 and 2-4 were established through chemical derivatization, followed
by FT-ICR MS. Determination of the sequence, cysteine framework and
assignment of disulfide linkage map classifies Mo1274 in the T-1 family
of conotoxins.

In this study, ECD of the reduced and alkylated Mo1274 retains bromine;
but if the disulfide bonds are still intact, ECD results in the loss of
bromine. The loss of bromine under different conditions could prove
useful for future conotoxin and similar analyses. It is possible that the
presence of a disulfide bond favors an alternative fragmentation
pathway that destabilizes the bromine linkage and releases it from the
tryptophanresidue.

ECD fragmentation of the fully or partially modified peptide generated
loss of NEM. We were not able to observe that loss by IRMPD or CID. To
the best of our knowledge, this result is the first observation of ECD-
induced NEM loss.
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Beauty and Beast: Collection of Cone snails from the Indian
coast.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


