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RESULTS 

Figure 8 Mass spectrum resulting from the selection of region A indicated 
in figure 7. The species here are triply charged (inset) 

CONCLUSIONS 

REFERENCES 

Figure 15 MaxEnt1 deconvoluted spectrum for the 10+ and 11+. Series 
y126 to y139 is identified. 

INTRODUCTION 

EXPERIMENTAL 

Figure 1 Schematic diagram of the Waters Synapt HDMS instrument. 

The hybrid quadrupole/TWIMS/oa-ToF used was a Waters 
Synapt HDMS system, figure 1. Briefly, ions produced by an 
ESI probe are sampled by a Z-spray source where they may be 
activated/fragmented by applying a potential to the sample 
cone. They pass through a quadrupole that may be set to 
select a particular m/z or transmit a substantial mass range.  
The TWIMS comprises three T-Wave devices [2]. The first 
device (accumulation T-Wave) accumulates ions and releases 
them in a short pulse (100μs) every 20 ms into the next device 
(IMS T-Wave) in which the mobility separation is performed, 
the final device (transfer T-Wave) is used to transport the 
separated ions into the oa-ToF for subsequent analysis.  Ions 
may be fragmented on entrance to the accumulation T-Wave 
and/or the transfer T-Wave.  The pressure in the accumulation 
and transfer T-Wave regions was ~ 10-2 mbar of Ar and the 
pressure in the IMS T-Wave was 0.5 mbar of N2.  The T-Wave 
pulse velocity and voltage were optimised to provide ion 
mobility separation. 
Samples were introduced into the source at a flow rate of 5μL 
min-1. The samples used in the study were standard proteins 
obtained from Sigma—Horse Heart Myoglobin and Bovine 
Beta-Lactoglobulin. The samples were prepared to a 
concentration of 1pmol/μL in a solution of 50/50 
acetonitrile / water + 0.1% formic acid. 

The transfer of high molecular weight species from solution to 
the gas phase results in the formation of ions which possess 
relatively few charges. These ions often appear at m/z values 
well above 4000 in the case of non-covalently bound species. 
It has been previously possible to detect charged species as 
high as m/z 20,000 [1] on an orthogonal acceleration time-of-
flight mass spectrometer. 
In this presentation we will show data acquired using a novel 
hybrid Quadrupole/TWIMS/oa-Tof mass spectrometer, 
operated with an ESI source. The TWIMS is a stacked-ring ion 
guide, operated at elevated pressure, with opposite phases of 
an rf voltage applied to adjacent plates to provide radial ion 
confinement.  A continual sequence of dc pulses is 
superimposed on the confining rf to provide ‘waves’ which 
propel ions through the gas. 
Protein species were ionised and the resulting ions separated 
based upon their ion mobility, or collision cross section and 
subsequently mass analysed using the oa-ToF analyser. 
We have investigated the use of IMS where a protein is highly 
contaminated with PEG, and have investigated the potential 
use of IMS as a means to allow rapid separation of proteins 
from these polymeric species. 
We have also examined IMS-MS data from protein samples for 
the amino acid sequence information that we can obtain. We 
have conducted MS/MS of a small to medium molecular 
weight protein, followed by IMS separation of the protein 
fragment ions.  

1. Rostom, Fucini, Benjamin, Juenemann, Nierhaus, Hartl, Dobson & Robinson, Proc. Natl. Acad. Sci, 97, 
5185-5190, 2000 

2. “Travelling Wave Ion Propulsion in Collision Cells” K. Giles, S.Pringle, K. Worthington and R. Bateman— 
Presented at the 51st ASMS Conference, Montreal, Canada 2003. The travelling wave device described 
here is similar to that described by Kirchner in US Patent 5,206,506 (1993). 

Figure 2 IMS m/z vs drift time plot for myoglobin in PEG 

Figure 3 Selection of region A in fig.2 leads to the top spectrum. At the 
bottom is the spectrum resulting from selection of the entire m/z v dt plot, 
equivalent to the TIC from ToF MS 

• Employing Ion Mobility Spectroscopy for the analysis of 
protein species that are highly contaminated with 
polymeric species allows enhancements in signal to noise 
of the protein m/z envelope. 

• MS/IMS/MS of protein species allows the selection of 
distinct regions which can be individually interrogated for 
sequence information. 

• In this example, we have achieved 22% coverage of Beta 
Lactoglobulin using a two minute infusion experiment. 

• Future work to increase the coverage obtained could 
involve the reduction of the two disulphide bonds present 
in Beta Lactoglobulin. 
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Figure 5 Beta Lactoglobulin ToF MS/MS spectrum resulting from 
quadrupole selection of the 15+ charge state at m/z 1219.4. 

Figure 6 IMS m/z vs drift time plot for Beta Lactoglobulin. The charge 
states for the two variants are indicated. Inset is an expanded region of the 
spectrum produced by combining the whole of the m/z vs drift time plot. 

Figure 7 MS/IMS/MS for parent at m/z 1219.4. Distinct regions are ob-
served and can be selected for further analysis. 

10+ and 
11+ region 

Region A Region B 

1+ region 

Figure 9 MaxEnt3 deconvoluted spectrum from figure 8. This region results 
in the sequence b18 to b30 being identified. 
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Figure 14 Mass spectrum resulting from the selection of region 10+ and 
11+ indicated in figure 7. 

Figure 10 Mass spectrum resulting from the selection of region B 
indicated in figure 7. The species in this region appears to be a 
combination of doubly, triply and quadruply charged species 

Figure 4 ToF MS spectrum of Beta Lactoglobulin. Inset is the MaxEnt1 
deconvoluted spectrum, showing both the A and B variants. The 86Da mass 
difference is consistent with G→D (pos. 64) and A→V (pos. 118) amino acid 
changes from the B to A variants.  

Figure 11 MaxEnt3 deconvoluted spectrum from figure 9. This region 
results in the sequence b11 to b27 being identified. 
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Figure 12 Mass spectrum resulting from the selection of the 1+ region indi-
cated in figure 7. 

Figure 13 MaxEnt3 deconvoluted spectrum from figure 12. This region 
results in the sequence b3 to b13 being identified. 

Figure 16 Sequence of Beta Lactoglobulin (variant B) with fragments 
identified in this study indicated. The disulphide bond from position 106 
to 119 and 121 is alternate. 

mass
18400 18600 18800

%

0

100 18362.9

18277.0

18294.8

18687.3
18601.2

18379.7

18403.8 18489.5

18586.5
18617.2 18702.9

18277.0 

18362.9 

m/z
1200 1300 1400

%
0

100 1225.1
1219.3

1148.5

1169.0

1218.6

1217.3

1312.5

1306.4

1241.1

1305.2

1268.7

1413.4

1406.8

1335.8

1354.9

1398.1

1431.9

1438.5

1439.5

1456.9

1467.0

15+ 

16+ 

14+ 

13+ 

12+ 

17+ 

m/z
1280 1300 1320 1340 1360 1380 1400 1420 1440 1460 1480 1500 1520 1540 1560

%

0

100 1518.5

1498.5

1487.0

1362.2

1352.0

1314.6

1303.61292.3

1274.91290.6

1341.61335.1

1320.6

1333.6

1380.4

1372.6

1434.1

1390.8

1415.6

1409.2

1401.1

1422.2

1455.5

1440.3

1446.9

1475.5
1468.5

1509.9

1530.1
1541.5

1549.9

m/z
300 400 500 600 700 800 900 1000 1100 1200 1300 1400

%

0

100 458.2
345.2

316.2

298.2

359.2

387.2
403.2
430.3

474.3

498.3

658.4

516.3

545.3 629.4

587.3

569.3

611.4

747.4
660.4

676.3
729.4

771.5

789.4

860.5

842.5

886.5
902.5

1200.7974.6915.6 1017.6 1085.7 1313.9
1441.9

720001924EN 

drelingc
Text Box
© Waters Corporation



	Results

	Conclusions

	References

	Introduction

	Experimental



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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





