THE UNIVERSITY OF Ultra-high resolution 2D-FTMS for truly data independent analysis of challenging systems
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Two-dimensional mass spectrometry (2DMS) is a data-independent technique which can be used to analyse all species in a spectrum High resolution accurate mass (HRAM) measurements are particularly important for small molecule analysis to ensure 2D-FT-ICR MS analysis benefits from FT-ICR MS’s inherent ultra-high resolution in the x (fragment) dimension with Implementation of 213nm UVPD was carried out in the UHV region of the FT-ICR MS instrument after trapping ions in the ICR cell.
to provide accurate fragmentation patterns for each and every precursor ion observed. confidence in assignments and discriminate species from outside matricies/contaminants. 2D-FT-ICR MS was applied ease using standard parameters. However the vertical (precursor/y) axis is also based on the ion frequencies and so The Nd:YAG laser provided a flash lamp pulse at a repetition rate of 10Hz, requiring a Q-switch delay 230 micro seconds afterwards.
2DMS uses modulation pulses within ion-trapping instruments (e.g. FT-ICR MS) to excite ions to different radii prior to fragmentation to a mixture of agrochemicals using both infra-red multiphoton dissociation (IRMPD) and electron induced benefits from high magnetics fields and scales with increasing number of scan lines and Nyquist frequency (frequency The SolariX scan rate can be tuned from ~1Hz to 0.25Hz depending on application, but is a serial instrument and is not based on
with a radius-dependent technique (e.g. IRMPD, UVPD, ExD). By repeatedly scanning a sample in this fashion and by incrementing the dissociation (EID) fragmentation methods to study the varying chemistries of the small molecules. of the lowest m/z ion). By adjusting these parameters even modest data sets such as 4096 x 1M data point transients absolute timing, thus the 2 systems can never be synchronised for division of repetition rate firing sequence. Instead a National
delay between excitation pulses a 2D map can be constructed revealing the fragments of each species in a parallel fashion. 2DMS has Assignments - 2D IRMPD can produce very high precursor resolution and enable analysis of particularly complex samples such as petroleum. Instruments PXI DAQ card was used as an interface between the SolariX acquisition system and the UVPD laser creating a flash lamp
already been applied to a wide variety of samples including; small molecules, peptide digests, protein top down, and polymers. w ‘ T e ;i j/\i - A Zoom in of bio-oil sample ionised by APPI and frag- pulse every 0.1s to maintain the flash lamp and keep the laser in a state ready to output a consistent pulse. Upon receiving a trigger
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reading the x=y diagonal line, diagonal 5 Internal recalibration of FT-ICR MS spectra reaches the sub-ppm assignment range, but only with careful recalibration. Peak picking to ppb accuracy in standard MS or MS/MS data can be challenging depending on spectral complexity, T2D is packaged as a single (~47MB) .exe program and is easily distributed to anyone interested in pushing the limits of 2D-FT-ICR MS.
lines offset from this show neutral -~ N -~ N -~ N N Using T2D software this is now possible for 2D-MS spectra. Spectra and tables below show the accuracy achievable peak shapes, artefacts (Gibbs oscillations) etc., unfortunately this challenge is increased much further when moving _ , , _ , , , _ , , _

- o . o o . _ _ . _ . . _ _ _ T2D is written in LabView (National Instruments coding language) and is compatible with all versions of Windows. The program can
losses from precursors. g'_ for precursors on the auto-correlation line after quadratic recalibration within T2D, all peaks are assigned in the sub- into 2 dimensions and attempting to assign the centre of the 3 dimensional peaks observed in a 2D mass spectrum. , , , , _ , _
3 -'-5 (e = _ _ o . o . . _ either be run purely from the .exe (NI driver required, free download), or can be installed from an installer (driver included).
A huge density of information can be ' ppm range. Interestingly and advantageously a single line in a 2D spectrum can be used to accurately recalibrate all T2D uses a newly developed peak picking algorithm to first assign all peak o0000gg
n o . . . . . . : , _ m Please contact me on C.Wootton.1@warwick.ac.uk if you would like a free copy of T2D.
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A . Autocorrelation linal e X i fragmentation line (horizontal line) of a known or spiked peptide can be used to calibrate the entire data set and peaks to correlate their 2D position relative to each other. Since FT-ICR MS peaks T2D is written as a low-resource requirement program, the handling of the large 2D-FT-ICR files is all done in binary format from the
recursor ion scCan ° 7 ] ] . . . . . o o . . . . . . .
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: Phase inversion A . . correlation can be easily set to correlate all x picked peaks within a y area without RAM. All the data shown was analysed on a 8GB RAM tablet PC. The program is configured for default SolariX acquisition assumptions
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All spectra were acquired on a 12 tesla Bruker SolariX FT-ICR mass spectrometer (Bruker Daltonics, Bremen, Germany) equipped with an infinity cell. A 1 ® ® ® @0 o :tl:;s.:;l‘clarage g.z; gzrr: m/z) to create a list of precursor speciﬁc ions consisting of the precursor itself and all fragment ions which modulated
IRMPD MS/MS and 2D MS spectra were acquired using a continuous wave CO2 laser (Synrad, US) using 50-70% laser power and 0.1-0.8 s pulse lengths. ECD MS/MS was 600 1000 1400 1800 2200 m/Z with said precursor. These lists can then be viewed independently (ofﬂine program) and/or be exported to MASCOT
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Polymer, agrochemical, and peptide samples were ionised using nano-electrospray ionisation (nESI). Bio-oil samples were ionised using APPI with a 10.6eV krypton lamp A HH ML | | ' | Ll L lL _{LJ IRIRIN NS ”“‘Hﬂ Al | J“ L li 1L HL ......... 2-5 minutes 20 seconds Ga0.53061s Tusease soisss doi.org/10.1021/ac020 1833
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