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OVERVIEW
AIM

« To compare two new ion mobility spectrometry techniques;
Travelling Wave lon Mobility and Tandem Dirift 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.

INTRODUCTION

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.

EXPERIMENTAL

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

The tandem drift tube has been described elsewhere!!l; briefly
ions produced by an ESI source are accumulated in an ion funnel
(F1), and periodically released into a drift tube (D1). lons 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,G3,1A3) which is followed by a final drift region (D3) and ion
funnel (F4) prior to analysis by an oa-ToF. lons 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 (A1, A2, or IA3) is achieved by increasing the voltage
between the last two lenses of each ion funnel. The entire drift
tube assembly is ~290 c¢m long, the field in the drift and funnel
regions is 9 V.cm” and 11V cm’ respectively. The RF applied to
the funnels ranged from 70 to 100 V,, at 450 to 480 kHz. The
pressure in the drift regions was maintained at ~ 4 mbar of He.
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Figure 2 : Schematic diagram of the Waters Synapt HDMS in-
strument used in this study.

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 TWave devices!?.
the first device (accumulation T-Wave) accumulates ions and re-
leases them in a short pulse (100ps) every 20 ms into the next de-
vice (IMS T-Wave) in which the mobility separation is performed,
the final device (transfer TWave) is used to transport the sepa-
rated ions into the oa-ToF for subsequent analysis. lons may be
fragmented on entrance to the accumulation TWave and/or the
transfer Wave. The pressure in the accumulation and transfer T-
Wave regions was ~ 102 mbar of Ar and the pressure in the IMS
T-Wave was 0.5 mbar of N,. The T-Wave pulse velocity and volt-
age were optimised to provide adequate ion mobility separation.

Ubiquitin (Sigma, 90% purity) was diluted to ~10° 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 pL min’'.

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
1pL min™.

RESULTS

Ubiquitin is a small, 76 amino acid protein that has been studied
extensively. lts 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).
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Figure 3 : (a) Drift time vs. m/z plot of ubiquitin ions and (b)
[M+13H]'** ion isolated by mobility selection of ions centered at
~33.86 ms with a 50 us wide pulse at G2. (TDTIMS)
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Figure 4 : (a) Drift time vs. m/z plot of ubiquitin ions and (b)
[M+13H]"3* ion isolated by selection of [M+13H]"**ions using
the quadrupole (Each drift time scan corresponds to 65 ps).

(TWIMS)

Both drift time plots show a range of charge states ( [M+6H]°* to
[M+13H]"3*), the tandem drift tube instrument also shows a range
of conformations, however, it is only at the lower charge states
([M+6H]°*) that multiple drift time peaks are observed using the
TWIMS instrument.
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Figure 3(b) shows a window of ions selected at G2 having a total
drift time of 33.86 ms corresponding to [M+13H]"** ions and fig-
ure 4(b) shows a similar plot obtained by selecting the
[M+13H]"* ion using the quadrupole ([M+13H]"* 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 5 : (a) Drift time vs. m/z plot of mobility-dispersed frag-
ment ions obtained by selection of the [M+13H]'3* ion at G2
and activation at IA2, (b) Selection of the yss”* fragment ion at
G3 and (c) Fragment ions produced upon activation of the se-

lected ysg°* in IA3 then separated based on their mobilities
through D3. (TDTIMS)

u 1503 Mass (M) B RT0.014.0DT 0199 MZ 200.0000 2519.0000
1503 b : [ Y oo T T T T 1501

500 ST MY 3 -------------- 500 - -.‘ AP :»--------------3 --------------

20079 199 200 4 50 199

100 100
Drift Time (Scans) Drift Time (Scans)

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]'** ion on entrance to the accumula-
tion -Wave, (b) Cone voltage fragmentation of the [M+13H]'**
and isolation of the ysg°* fragment ion using the quadrupole fol-
lowed by fragmentation on entrance to the accumulation T-

Wave. (TWIMS)

Figures 5(a) and 6(a) show the drift time distribution of ions that
are obtained upon activation of the [M+13H]"**. 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.

Both instruments allow the easy identification of two fragment se-
ries : the b,4°* to byg®* ions; and, a series of ys5”* to ys5o”* ions.
Figure 5(b) and (c) show the selection and subsequent fragmenta-
tion of the ysg”* ion using the tandem drift cell apparatus. Figure
6(b) shows a similar experiment whereby the yss”* 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 TWave. In both instruments the resulting fragments
are mobility separated.
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Figure 7: Mass spectra resulting from fragmentation of the yss”*
fragment ion produced from the [M+13H]'3* 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)

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 ysg”* precursor domi-
nates the total integrated mass spectrum, however in the TWIMS
instrument the y;3%* ion is dominant due to a difference in the de-
gree of fragmentation of the yss”* ion. Figure 7(a) and 8(q)
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 relo-
tively low-intensity series of high-mobility fragments that includes
a set of peaks that can be assigned to most of the b;** to by®*
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 ¢
and d). These “slices” contain a series of y**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 y?* ions which has been assigned to the yg** to y;,* series.
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Figure 8: Mass spectra resulting from fragmentation of the ysg”*
fragment ion produced from the [M+13H]'3* 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 y,,** to y3,** series,
whilst figure 8(d) includes a set of peaks that can be assigned to
most of the y;,>* to y,0** series and figure 8(e) includes a set of
peaks that can be assigned to most of the y,** to y;,** 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 bs* to b;;* series.

CONCLUSIONS

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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