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RESULTS 

A PEEK microtee was used to couple the capillary tip, the sy-
ringe, and a platinum electrode.  The pulled capillary was held at 
a DC bias 2 kV above the drift voltage.  In the case of the 
TWIMS based instrument the Ubiquitin was introduced to the in-
strument using a standard Waters nano-spray source at a rate of 
1µL min-1.   

 Ubiquitin is a small, 76 amino acid protein that has been studied 
extensively.  Its size, combined with its being a well-characterized 
system, make ubiquitin a model protein to examine. Figure 3(a) 
shows an IMS-MS distribution of ubiquitin obtained using the tan-
dem drift tube instrument, a similar IMS-MS distribution obtained 
using the TWIMS system is shown in figure 4(a).   

Both drift time plots show a range of charge states ( [M+6H]6+ to 
[M+13H]13+), the tandem drift tube instrument also shows a range 
of conformations, however, it is only at the lower charge states
([M+6H]6+) that multiple drift time peaks are observed using the 
TWIMS instrument.  

Figure 3(b) shows a window of ions selected at G2 having a total 
drift time of 33.86 ms corresponding to [M+13H]13+ ions and fig-
ure 4(b) shows a similar plot obtained by selecting the  
[M+13H]13+ ion using the quadrupole ([M+13H]13+ total drift time 
is 4.55 ms).  Comparison of the two plots highlights the addi-
tional selectivity associated with the tandem IMS approach and 
its higher drift time resolution. 
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Figure 7:  Mass spectra resulting from fragmentation of the y58
9+ 

fragment ion produced from the [M+13H]13+ of ubiquitin.  (a) 
Total ion mass spectrum obtained by integrating m/z values 
across the entire drift dimension, (b) through (f) correspond to 
mass spectra extracted from the specific regions shown in Fig-
ure 5(c).  (TDTIMS) 

Both instruments allow the easy identification of two fragment se-
ries : the b14

3+ to b18
3+ ions; and, a series of y55

9+ to y59
9+ ions.  

Figure 5(b) and (c) show the selection and subsequent fragmenta-
tion of the y58

9+ ion using the tandem drift cell apparatus. Figure 
6(b) shows a similar experiment whereby the y58

9+ ion is pro-
duced in the source using cone voltage fragmentation, it is then 
selected using the quadrupole and fragmented on entrance to the 
accumulation T-Wave.  In both instruments the resulting fragments 
are mobility separated. 

The resulting fragment ions fall into families according to similari-
ties in m/z to drift time ratios.  The lines that are shown in Figures 
5(c) and 6(b) illustrate five regions that are shown as mass spec-
tral slices in Figures 7 and 8.  These data illustrate a number of 
advantages.  In the TDTIMS instrument the y58

9+ precursor domi-
nates the total integrated mass spectrum, however in the TWIMS 
instrument the y13

2+ ion is dominant due to a difference in the de-
gree of fragmentation of the y58

9+ ion.  Figure 7(a) and 8(a) 
shows the total ion spectrum obtained by integrating over the 
whole drift time dimension. While it is possible to observe and 
assign several a, b, and y fragments in the total ion mass spec-
trum, many features become more apparent when the IMS dimen-
sion is included.  For example, Figures 7(b) and 8(b) show a rela-
tively low-intensity series of high-mobility fragments that includes 
a set of peaks that can be assigned to most of the b16

3+ to b29
3+ 

series.  The mass spectra corresponding to the most intense frag-
ments in the drift time vs. m/z plot are shown in Figure 7 (both c 
and d).  These “slices” contain a series of y3+ ions as well as 
some species that are attributed to higher charge states.  Figure  
7(e) illustrates a region of the data that is associated with primar-
ily y2+  ions which has been assigned to the y8

2+ to y17
2+ series. 
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Figure 8:  Mass spectra resulting from fragmentation of the y58
9+ 

fragment ion produced from the [M+13H]13+ of ubiquitin.  (a) 
Total ion mass spectrum obtained by integrating m/z values 
across the entire drift dimension, (b) through (f) correspond to 
mass spectra extracted from the specific regions shown in Fig-
ure 6(b).  (TWIMS) 

Figure 8(c) shows a series of fragments that includes a set of 
peaks that can be assigned to most of the y24

4+ to y32
4+ series, 

whilst figure 8(d) includes a set of peaks that can be assigned to 
most of the y12

3+ to y20
3+ series and figure 8(e) includes a set of 

peaks that can be assigned to most of the y7
2+ to y17

2+ series.   
The distributions shown in Figures 7(f) and 8(f) correspond ions at 
lower m/z to drift time ratios and include a set of peaks that can 
be assigned to the b3

+ to b11
+ series. 
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INTRODUCTION 

EXPERIMENTAL 

AIM 
•   To compare two new ion mobility spectrometry techniques; 

Travelling Wave Ion Mobility and Tandem Drift Tube IMS for 
the separation of fragment ions from intact proteins according 
to ion charge states and their cleavage type. 

Results 
•   Similar results were obtained both in terms of spectral decon-

gestion and the ability to extract families of ions correspond-
ing to specific fragment ion types and charge states.     

OVERVIEW 

Figure 2 :  Schematic diagram of the Waters Synapt HDMS in-
strument used in this study.  

Figure 1 :  Schematic diagram of the tandem drift tube/oa-ToF 
instrument (TDTIMS) used in this study. 

The two instruments used in this study were a tandem drift tube/
oa-ToF (TDIMS) instrument shown in figure 1 and a hybrid quad-
rupole/TWIMS/oa-ToF shown in figure 2.   

The tandem drift tube has been described  elsewhere[1];  briefly 
ions produced by an ESI source are accumulated in an ion funnel 
(F1), and periodically released into a drift tube (D1).  Ions exiting 
the first drift region enter an ion funnel  (F2) containing an ion 
gate and activation region.(G2&IA2).  Following this is a drift re-
gion (D2) with an ion funnel/gate/activation assembly on its exit 
(F3,G3,IA3) which is followed by a final drift region (D3) and ion 
funnel (F4) prior to analysis by an oa-ToF.  Ions are selectively 
gated by raising or lowering fields in the gate regions at specific 
delay times controlled by a pulse delay generator.  Collisional ac-
tivation (IA1, IA2, or IA3) is achieved by increasing the voltage 
between the last two lenses of each ion funnel.  The entire drift 
tube assembly is ~290 cm long, the field in the drift and funnel 
regions is 9 V cm-1 and 11 V cm-1 respectively. The RF applied to 
the funnels ranged from 70 to 100 Vp-p at 450 to 480 kHz. The 
pressure in the drift regions was maintained at ~ 4 mbar of He.   

The hybrid quadrupole/TWIMS/oa-ToF used was a Waters Syn-
apt HDMS system; briefly ions produced by an ESI source 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.  The TWIMS (Triwave) comprises three T-Wave devices[2]. 
the first device (accumulation T-Wave) accumulates ions and re-
leases them in a short pulse (100µs) every 20 ms into the next de-
vice (IMS T-Wave) in which the mobility separation is performed, 
the final device (transfer T-Wave) is used to transport the sepa-
rated 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 volt-
age were optimised to provide adequate ion mobility separation. 

Ubiquitin (Sigma, 90% purity) was diluted to ~10-5 M in a 
49:49:2 (% volume) solution of water:acetonitrile:acetic acid.  In 
the case of the data from the tandem drift tube instrument, ions 
were produced using a pulled capillary tip (75 mm id 360 mm 
od), at a flow rate of 0.25 µL min-1.   

Although extensive work involving the separation and characteri-
zation of protein and peptide ions has been carried out, few stud-
ies have examined the mobilities of fragment ions.  In this study, 
two new ion mobility spectrometry (IMS) techniques, travelling 
wave (TWIMS) and a tandem drift tube (TDTIMS) have been used 
to separate the ubiquitin fragment ions (formed by collision in-
duced dissociation) prior to analysis by MS. In both approaches 
fragment ions appear to fall into families according to their 
charge states.  The separation significantly reduces spectral con-
gestion associated with the mass spectra, making it possible to 
observe and identify many fragment ions that would not be ob-
served with MS/MS alone.  Overall, the ability to observe and 
identify these small features improves the fraction of the protein 
sequence that can be associated with specific fragments.  In 
some cases, mobility separation appears to create families of 
ions for specific fragment ion types; for example, families of both 
y-type and b-type ions have been observed.  

[1]  S. I. Merenbloom, S. L. Koeniger, S. J. Valentine, M. D. Plasencia 
and D. E. Clemmer.  Analytical Chemistry,   78/8: 2802-2809. 
[2]  Applications of a travelling wave-based radio frequency only 
stacked ring ion guide. K.Giles, S.Pringle, K.Worthington, D.Little, 
J.Wildgoose, R.Bateman. Rapid Commun. Mass Spectrom. 2004; 18: 
2401-2414 The travelling wave device described here is similar to 
that described by Kirchner in US Patent 5,206,506 (1993). 

Figure 3 :  (a) Drift time vs. m/z plot of ubiquitin ions and (b)  
[M+13H]13+ ion isolated by mobility selection of ions centered at 
~33.86 ms with a 50 µs wide pulse at G2. (TDTIMS) 

Figure 4 :  (a) Drift time vs. m/z plot of ubiquitin ions and (b)
[M+13H]13+ ion isolated by selection of [M+13H]13+ions using 
the quadrupole (Each drift time scan corresponds to 65 µs). 
(TWIMS) 

The mobility resolution of the (TDTIMS) is greater than that of the 
TWIMS in the Synapt HDMS system.  However the quadrupole 
mass filter in the latter has greater specificity than IMS.  Conse-
quently the two systems provide comparable results both in terms 
of spectral decongestion and the ability to extract families of ions 
corresponding to specific fragment ion types and charge states 
from intact proteins.     
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Figures 5(a) and 6(a)  show the drift time distribution of ions that 
are obtained upon activation of the  [M+13H]13+.   This gener-
ates a range of new species as well as a series of fragment ions. 
Again both the TDTIMS and TWIMS instrument give similar re-
sults.  

Figure 6 : Drift time vs. m/z plot of mobility-dispersed fragment 
ions obtained by (a) isolation using the quadrupole and frag-
mentation of the [M+13H]13+ ion on entrance to the accumula-
tion T-Wave, (b) Cone voltage fragmentation of the [M+13H]13+ 
and isolation of the y58

9+ fragment ion using the quadrupole fol-
lowed by fragmentation on entrance to the accumulation T-
Wave.  (TWIMS) 

Figure 5 : (a) Drift time vs. m/z plot of mobility-dispersed frag-
ment ions obtained by selection of the [M+13H]13+ ion at G2 
and activation at IA2,  (b) Selection of the y58

9+ fragment ion at 
G3 and  (c) Fragment ions produced upon activation of the se-
lected y58

9+ in IA3 then separated based on their mobilities 
through D3.  (TDTIMS) 

TDTIMS 

LOCKSPRAY 
BAFFLE 

ANALYTE 
SPRAY 

ISOLATION VALVE 
AND REMOVABLE  

SAMPLE CONE 

LOCKMASS  
REFERENCE SPRAY 

SOURCE 
T-WAVE 

DRE 
LENS QUADRUPOLE 

ACCUMULATION 
T-WAVE 

GATE 

IMS 
T-WAVE 

RELECTRON 

TRANSFER 
T-WAVE 

TRANSFER 
LENSES 

(TRIWAVE) 

EINZEL 
LENS 

(f) (b) 

(d) 

(c) 

(b) (a) 

y58
9+ 

[M+13H]13+ 

TWIMS TWIMS 

(e) 

matusonl
Text Box
720001712EN



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




