
INTRODUCTION

CONCLUSIONS

One of the limitations of tandem MS instruments, when 
using MALDI ionization for proteomics research, is the 
reduced fragmentation efficiency of singly charged 
peptide ions in low-energy CID. This effect is caused by a 
strong attachment of a proton to the C-terminus of a 
tryptic peptide which impedes the proton mobility along 
the peptide chain. As a result, fragmentation of singly 
charged tryptic peptides shows preferential cleavage at 
the C-terminal bond of acidic residues (i.e. aspartic and 
glutamic acid) and the N-terminal bond of proline. This 
preferential cleavage prevents the formation of a 
complete y-ion series, diminishing the informational 
content of the MS/MS spectra.
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A time-of-flight (TOF) mass spectrometer with 
orthogonal acceleration, used in our experiments, is 
described elsewhere [1] . Singly charged peptide ions 
were produced in an ESI source from methanol/water 
solutions. Parent ions were selected by a mass resolving 
quadrupole filter. Selected peptide ions were trapped in 
the linear quadrupole ion trap for 20 - 100 ms and 
subjected  to a flux of metastable rare gas atoms. A beam 
of metastable electronically excited atoms was produced 
in a glow-discharge source [1] and directed between the 
quadrupole rods: 

RESULTS

ionization, was detected when NH3 was supplied (Figure 
2(a)). The energy of the He metastable states is greater 
than the nitrogen ionization potential. Strong N2

+ and N+

signals were observed when helium was introduced into 
the discharge source (Figure 2b). This indicates that the 
beam produced by the discharge source consists mainly of 
neutral particles and contains a substantial amount of 
metastable atoms. 

With argon supplied into the discharge source, no 
fragmentation was observed for Bradykinin singly charged 
molecular ions (data not shown). The picture changed, 
when helium was used instead of argon:

Fragmentation of singly charged peptide ions via interaction 
with metastable atoms was demonstrated for the first time.

Fragmentation channels include side-chain losses allowing 
differentiation between Leu and Ile residues.   
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Figure 1. Schematic view of a source for the production of a 
metastable atoms beam.
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The glow-discharge source has an asymmetrical electric field 
which allows an efficient separation of the neutral metastable 
atoms from charged particles. Interaction of the peptide ions, 
concentrated along the central axis of the quadrupole ion 
guide, with metastable atoms resulted in their fragmentation. 
Upon the ejection from the linear trap, product ions were 
analyzed in a time-of-flight mass spectrometer.

Figure 2. Ionization spectra of NH3 produced in interaction 
with metastable electronically excited argon atoms (a) and 
N2 – with electronically excited helium atoms (b). 

0

20000

40000

60000

80000

100000

20 30 40 50m/z

NH3/Ar*

0

100000

200000

300000

400000

500000

600000

20 30 40 50m/z

N2/He*

0

20000

40000

60000

80000

100000

20 30 40 50m/z

NH3/Ar*

0

20000

40000

60000

80000

100000

20 30 40 50m/z

NH3/Ar*

0

100000

200000

300000

400000

500000

600000

20 30 40 50m/z

N2/He*

0

100000

200000

300000

400000

500000

600000

20 30 40 50m/z

N2/He*

a)

b)

To prove that the above source generates a predominantly 
neutral flow with the metastable atoms, the entrance 
capillary was closed and different gases were supplied into 
the mass resolving quadrupole section. This created a 
molecular flow of these gases to the linear trap. Mass 
spectra, averaged over 10 s, are shown below:
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Figure 3. Fragmentation spectrum of singly charged 
Bradykinin ions obtained via interaction with metastable 
helium atoms. 

The above fragmentation mass spectrum is dominated by a 
series of a-type ions, which result from a backbone 
cleavage between the α-carbon and carbonyl carbon, with 
the charge retained on N-terminal fragments. Some weak x-
type ions, which result from the same bond cleavage, where 
the charge is retained on the C-terminal, are also observed. 
Several of the a-type ions (denoted by *) reveal the 
presence of (a+1)⋅ radical ion (see an inset). Some y-, b-, c-
, and z-type fragments are also observed. 

Fragmentation spectrum of a singly charged 
Fibrinopeptide A and its synthetic analog reveals that 
fragmentation proceeds via energy transfer: 

The ionization potential of N2 is higher than the energy of the 
Ar metastable atoms. No ionization of N2 was observed with Ar 
in the discharge source (data not shown). The ionization 
potential of NH3 is about 1.5 eV lower than the Ar metastable 
levels. A strong molecular radical cation, produced via Penning

A strong [M+H]2+• ion signal, formed via Penning ionization of 
the [M+H]+ ions, is observed in this case. Mainly x-,y- and z-
type ions (charge retained on C-terminal) are observed. The 
formation of w- type ions, which correspond to a side-chain 
loss,  allows differentiation between Leu and Ile.

Fragmentation spectrum of a singly charged Substance P 
also shows a strong [M+H]2+• ion signal (Figure 5). A nearly 
complete series of a-type fragment ions is observed, which

is consistent with charge retention on the N-terminal (where 
arginine is located). No radical (a+1)⋅ ions are recorded. Also 
observed are d- type fragments corresponding to a side-
chain loss from a- type ions. Several b- and c-type fragment 
ions are also present in this spectrum. 
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Figure 5. Fragmentation spectrum of singly charged substance 
P ions obtained via interaction with metastable helium atoms. 

Figure 4. Fragmentation spectrum of singly charged 
Fibrinopeptide A ions (a) and its synthetic analog with Leu
replaced by Ile (b) obtained via interaction with metastable 
helium atoms. 

0

2000

4000

6000

8000

500 600 700
m/z

y5

b5

x5
*

a6
*

wa6

z6

y6

x6
*

z7

y7

x7
*

[M+H]2+•

x8

ADSGEDFIAEGGGVR

746.3

v8

wa8 a8

768.3

a7
*

0

2000

4000

6000

8000

500 600 700
m/z

y5

b5

x5
*

a6
*

wa6

z6

y6

x6
*

z7

y7

x7
*

[M+H]2+•

x8

ADSGEDFIAEGGGVR

746.3

v8

wa8 a8

768.3

a7
*

b)

0

1000

2000

3000

4000

5000

6000

500 600 700
m/z

y5

b5

x5
*

wa6

z6

y6

x6
*

z7

y7

x7
*

wa8

[M+H]2+•

746.3

768.3

x8

ADSGEDFLAEGGGVR

0

1000

2000

3000

4000

5000

6000

500 600 700
m/z

y5

b5

x5
*

wa6

z6

y6

x6
*

z7

y7

x7
*

wa8

[M+H]2+•

746.3

768.3

x8

ADSGEDFLAEGGGVRa)

Proceedings of the 56th ASMS Conference on Mass Spectrometry and Allied Topics, Denver, CO, June 1 - 5, 2008


	Table of Contents
	Oral and Poster Sessions
	Author Index


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


