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Ionisation Mode: Nano Electrospray (500 nL/min), +ve ion
Travelling Wave: Velocity - 600 m/s,  Pulse Amplitude - 21 Volts
TWIG Cell Pressure: 1.0 mbar N2
Pusher Pulse Repeat: 65 µsec
Ion Gate Pulse: 100 µsec
Mobility Separation Time: 13 ms (200 pushes x 65 µs per push)
Capillary voltage: 3.5 kV
Cone voltage: 90 V 
Acquisition Time: 2 s (≅ 150 summed mobility spectra)

These investigations were carried out on a modified Q-ToF Premier 
instrument (Waters Corp.), shown in Figure 3, where the TWIG 
collision cell has been housed in a separately pumped chamber to
allow operation of the cell at the elevated pressures required for 
mobility separation.

Ions are stored in the Source Ion Guide and periodically gated to 
the TWIG collision cell, where they are mobility separated by the 
continually running travelling wave prior to detection using the oa-
Tof.  Mobility spectra are acquired by synchronising the ToF 
‘pushes’ (mass spectra) with the gated release of ions from the 
source guide.  The recorded mobility spectra are 200 pushes long.
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Figure 2:  Ion propulsion using a travelling wave (a) high pulse
height, (b) low pulse height (mobility separation)
Figure 2(b) is an idealised representation of mobility separation, in reality, 
all mobility separated ions roll over the top of multiple waves on their 
transit through the TWIG.
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Figure 3:  Modified Q-Tof Premier instrument 
incorporating a TWIG mobility separator
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Phosphorylation is ubiquitous in control of protein activity by 
modifying protein structures and inducing conformational changes.  
How phosphorylation affects protein structure is poorly 
understood, due in part to the lack of phosphorylated protein 
crystal structures. Possibilities include the disruption of helical 
structures or the formation of salt bridges to positively charged 
groups. In order to investigate the effect of phosphorylation on
peptide conformation, several helical peptides and their 
phosphorylated counterparts were designed.
In a previous study, 1H/2H exchange-ESI-MS was used to 
investigate  the effect of phosphorylation on peptide conformation.  
This study revealed that  sodium-cationised species may have a 
different conformation from their protonated counterparts (Figure 
1)[1].
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Experimental parameters

Peptides were synthesised by Fmoc solid phase chemistry, purified 
by HPLC and further desalted on a C18 RP peptide trap (Michrom 
Bioresources, Auburn, USA) prior to MS analysis. The design of the 
peptide sequences was based on the strong propensity of 
polyalanines to form α-helices.  The position of serine residue 
within the sequence was varied in order to investigate the effect of  
phosphorylation and salt-bridge formation on helix  stability. 

Experimental
Sample preparation

The TWIG is a stacked ring electrode device with opposite phases
of RF applied to adjacent electrodes to provide radial ion 
confinement.  A DC voltage pulse pattern is applied to the ring 
electrodes so as to provide travelling voltage pulses which propel 
ions through the gas-filled device. Through appropriate choice of 
the wave parameters mobility separation can be achieved as less 
mobile ions roll over the ‘wave’ more often than the high mobility 
ions, see Figure 2.

The results of the 1H/2H exchange on helical peptides prompted an 
interest in gas phase ion mobility.  The latter is defined as a 
measure of how rapidly an ion moves through a buffer gas under 
the influence of a weak electric field, which depends on the 
average collision cross section, which in turn is dependent on the 
conformation of the ion[2-3].
In the present study, ion mobility separation of isomeric peptides 
(with different helical contents) is undertaken using a novel 
Travelling Wave Ion Guide (TWIG)[4] housed in a hybrid 
Quadrupole – oaTof instrument.  The effect of sodium on peptide 
conformation was also investigated.

Travelling Wave Ion Mobility Separator
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Figure 5: Ion mobility separation chromatogram of an 
equimolar mixture of KpS1 and KpS2 in 10mM ammonium 
formate.  

• Different electrospray solvents, known to influence solution 
phase structures, did not affect the gas phase mobilities of 
the peptides.

• KS1 and KS2 showed no difference in gas phase mobility.  
This mirrors the observation in the condensed phase where 
the adoption of α-helicity in appropriate solvents is the same 
for two peptides[5].

• The phosphorylated species, on the other hand, had  different 
mobilities for the same charge state indicating different 
conformations in the gas-phase
• KpS1 has reduced mobility in comparison to KpS2 

consistent with its being more helical due to the presence 
of a salt bridge. 

• The Na-cationised species move more slowly than the 
protonated analogues which is consistent with previous 1H/2H 
exchange experiments and suggests different helicities
between both species[6].  We therefore, suggest that sodium 
adduct favours helicity.
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In order to investigate the effect of the solvent on gas phase 
mobility, the peptides were dissolved in various solvent systems: 
trifluoroethanol (TFE)/water (40/60, v/v incorporating 0.2% FA) 
10 mM HCO2NH4 (pH 3.5), ACN/10mM HCO2NH4 (40/60)
10 mM CH3CO2NH4 (pH 7.8), ACN/10mM CH3CO2NH4 (40/60) 
10 mM NH4HCO3 (pH 9.7); ACN/10mM NH4HCO3 (40/60)

Results and Discussion
Analysis of KpS1 and KpS2 (Triply Charged)

Analysis were performed using the various solvent systems 
described in the experimental section. Identical data were 
obtained regardless of the solvent system.

The phosphorylated peptides KpS1 and KpS2 were analysed 
individually, then in an equimolar mixture to determine whether 
they could be separated according to their gas phase mobilities.
Figure 4 shows the extracted ion chromatograms of KpS1, KpS2 
and their equimolar mixture.  Obvious separation of both 
phosphorylated peptides is observed with KpS2 having higher 
mobility (smaller cross-section). Moreover, the observed peak for 
the mixture of the two peptides is wider than any of the individual 
ones and the apices of the peaks correspond to the two peptides.

These findings may suggest that KpS2 adopts a compact globular 
structure whereas KpS1 is a helix (stabilised by the formation of 
the salt bridge between the phosphate and the lysine).

The effect of Na-cationisation on the mobility of helical peptides 
was investigated. Separation was observed between the 
protonated species.  Moreover, the presence of the Na adduct 
resulted in a reduced  mobility of the phosphorylated species 
suggesting that the sodiated species were more helical than their 
protonated counterparts.  The sodiated KpS1 and KpS2 were still 
resolved on the basis of their mobilities indicating that they have 
different conformations.  

Analysis of KS1 and KS2 (Doubly Charged)
When KS1 and KS2 were investigated, minimal separation 
between the analogues was observed (Figure 6).  However, 
analysis of the protonated and sodiated species showed 
significantly different mobilities with the sodiated species having 
lower mobility (Figure 7).  This observation is in agreement with 
that seen in the phosphorylated species and is consistent with 
different degrees of helicity in the protonated and sodium-
cationised forms.

Figure 7: Ion mobility 
separation chromatogram 
of an equimolar mixture of 
KS1 and KS2 ion extracted 
chromatograms of 
protonated and sodiated
species.
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Figure 6: Ion mobility 
separation of triply 
protonated KS1 and KS2.  
Minimal separation is 
observed between the two 
analogues.
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Figure 1: Time course of deuterium loss in aqueous solution from
[M+2H]2+ and [M+H+Na]2+ corresponding to N3Ser and N3pSer.
N3pSer exchanges more slowly than N3Ser, which is consistent with the 
helix stabilising effect of the phosphate group at the N3 position.
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Figure 4: Mobility separation of triply charged ions [M+3H]3+

corresponding to KpS1 and KpS2
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