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Using a branched RF-ion trap to combine EAD, ultraviolet-photodissociation (UVPD) and CID fragmentation /SC'EX

INTRODUCTION

Collision induced dissociation (CID) is the widely used mode of fragmentation on tandem mass spectrometry
(MS/MS) systems. As a dissociation technique, CID is efficient, fast and can be applied over a wide range of
compounds. In some applications, more selective fragmentation techniques can offer complementary MS/MS
information. Electron activation dissociation (EAD) and ultraviolet-photodissociation (UVPD) offer more
selective means of fragmentating molecules, thus offering complimentary insight into the structure of gas phase
lons. Here, we proposed using a branched radio-frequency ion trap (RF-ion trap) to allow both EAD and UVPD
to be performed sequentially. Combining these fragmentation approaches with TOF-based detection offers a
flexible system with higher selectivity for quantitation and full identification capability.

MATERIALS AND METHODS

Chemical:
Bosentan and its metabolites were obtained from Toronto Research Chemicals (Toronto, ON). Ubiquitin (UBT)
and carbonic anhydrase (CA) were obtained from Sigma-Aldrich (St. Louis, MO).

MS Conditions:

EAD, UVPD and CID were performed on a modified research-grade quadrupole time-of-flight mass
spectrometer, based on ZenoTOF 7600 system geometry. The conventional EAD cell has 2 electron filaments
on either side of the chimera cell. To enable UVPD, an electron filament was replaced by a mirror to redirect
the laser beam in the center of the cell (Figure 1). The mirror was selected to ensure >95% reflectivity at the
selected wavelength.

Two different solid-state lasers were enabled on the system covering different wavelengths for different
application areas. A 266 nm low energy pulse laser (0.5 uJ) was operated at 30 kHz and used for
pharmaceutical compound analysis (Teem Photonics, France). Control of the 266 nm laser was based on
activation for a specific duration up to 120 ms after ion trapping. A second laser (213 nm) was operated at high
pulse energy (20 nJ) with a maximum repetition rate of 2kHz (Crylas Inc, Fremont, CA). Control of the 213 nm
laser was based on the number of pulses (1 ms/pulse) applied expressed as a percentage of the trapping time
selected in the software control. Therefore, for a trapping time of 50 ms and 10% UV activation, a total of 5
pulses would be applied.

A research version of SCIEX OS software was used to control the acquisition of data. The software provides
the ability to perform EAD and UVPD independently. The UVPD implementation capitalized on the EAD timing
control and used the conditions to trap and release precursor and fragment ions. Data processing, was
performed using a research version of PeakView software which enabled a-1, x and x-1 fragment ion
assignment. The spectra were noise-filtered prior to assessment of sequence coverage.
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RESULTS

The branched RF-ion trap of the ZenoToF 7600 system is normally fitted with 2 electron emitters, with 1 on either
side of the cell [1, 2]. One of these emitters was physically removed and replaced by a 45° angle mirror to redirect
the UV laser mounted directly above, outside of the vacuum chamber. Two UVPD windows were used to maintain
vacuum and transmit the laser beam (Figurela). Figure 1a show the collision cell arrangement in which both EAD
and UVPD occur in the branched RF-ion trap (also referred to as Chimera cell). CID occurs in the back portion.

All 3 fragmentation modes are performed at 8-12 mTorr of nitrogen gas.

Figure 1. Schematic of RF-ion trap. A) Depiction of the front-view cross section of the RF-ion trap with UV-laser
introduction from tip of the instrument, and mirror location to focus beam at center of trap. B) Representative top
view of part of the ions path of the research grade 7600 depicting the region for UVPD and EAD.

(A)  [oviae (B)

Lens —nEEE—

CcID Zeno Trap

Magnet Magnet " L C— —
- {D electron selection [ Q1 ] .
N - ﬁ-‘ B =L Ul
- TOF
Chimera -~ EAD

Cell electron
beam

Operating at 266 nm

Desmethyl-bosentan was used to verify system performance and for comparison to previously acquired UVPD (266
nm) data using an hybrid quadrupole linear ion trap (QgLIT) [3]. The unique UVPD fragment observed (m/z 366.2)
was used to verify laser alignment. With an irradiation time of 75 ms, a >35% fragmentation efficiency was
obtained, which is consistent with result obtained on a QgLIT [3] . Common and unique fragment ions were
observed with EAD (10eV) and UVPD (266 nm), when compared to CID (45eV). The fragmentation information
obtained with all 3 methods provided a complimentary picture of the positional side chain groups of the molecule.
The ability to combine fragmentation information from different excitation techniques can offer additional insight into
the structure of the analyte and improve confidence in the proposed analyte identification. One of the drawbacks of
the 266 nm laser used in this work is that the energy per pulse is low, which means that longer irradiation time are
required to achieve efficient fragmentation for small compounds. This can limit the chemical space that can be
explored with this slow energy pulse laser (for example, inefficient beyond tri-peptide).

Operating at 213 nm

With this wavelength, it is possible to move to wider class of chemicals, including peptides and intact protein as
previously demonstrated [4-5]. To evaluate the fragmentation efficiency of this laser, the depletion of the
precursor ion of the [M+12H]*12 and the [M+7H]*’ of ubiquitin was determined as a function of the number of
laser pulse applied. Figure 3 shows that >90% depletion was achieved within 20 pulses for both charge states.
This represents <20 ms of irradiation time to generate the maximum fragmentation of the precursor. As
previously reported, UVPD of protein generates a-1 and x-1 fragment ions that are unique to this type of
fragmentation [5]. Figure 5 shows the normalized response for the (a-1)55 *> at m/z 795.5 and (a-1),, ™ at m/z
815 as a function of the number of laser pulses applied for the [M+12H]*1? precursor ion. The peak response at
approximately 20 pulses suggests that applying more pulses can lead to secondary fragmentation and
consequently complicate the MS/MS interpretation. Figure 6 shows that 96% sequence coverage is obtained
for the UVPD of the [M+7H]*7 ion of ubiquitin using 10 pulses in 10ms. These condition were used to minimize
secondary fragmentation that leads to internal fragments.
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Figure 4. Depletion of the ubiquitin [M+12H]*1? and
[M+7H]*7 as a function of the number of laser pulses
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Figure 5. Formation of the (a-1)*3° ion as a function of
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Figure 7. UVPD-MSMS and sequence coverage for
carbonic anhydrase [M+31H]*31. Three laser pulse were
used. Only a, X, y ions were considered.

Figure 8. Sequence coverage obtained for carbonic
anhydrase as a function of charge state. All data
were acquired with 3 laser pulses.

Figure 3. Fragmentation efficiency for desmethyl-
Bosentan as a function of UVPD irradiation time with
266 nm laser

Figure 2. MS/MS spectra of desmethyl-bosentan using
UVPD (top) and EAD (bottom) fragmentation.
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Figure 6. Sequence
coverage for the
UVPD of+7 ion with
10 laser pulses
(10ms Irradiation)
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Similar to ubiquitin, using a high number of laser pulses (>8) for carbonic anhydrase left little-to-no residual
precursor ions, regardless of the charge state. Therefore, to avoid spectral complication resulting from internal
fragmentation, UVPD-MS/MS was performed for all visible charge state s (20 to 413) using 3 laser pulses.
Sequence coverage was calculated based on single bond cleavage (no internal fragmentation) and considering only
a, x and y ions as fragment type. All spectra were denoised prior to peak assignment and matching. Figure 8 shows
coverage as a function of charge states. Lower charge states clearly shows improved coverage, likely due to the
reduced spectral complexity in the low mass region as the precursor mass increases. The coverages reported here
are consistent with previously reported values [4,5]

CONCLUSIONS

UVPD was implemented in a branched RF-ion trap by replacing an electron filament. This offers the ability to
perform UVPD and EAD MS/MS analyses independantly on a single platform. UVPD can generate unique
fragments that can complement CID and EAD fragmentation and increase confidence in sequence assignment. The
use of low power and high repetition rate laser can yield efficient fragmentation at the pressure regime used (8
mTorr) as long as the irradiation time is a few tens of milliseconds (50-100) making it still attractive for small
molecule applications. However, using higher energy pulse laser (tens of uJ) in the same pressure regime can
reduce the fragmentation time significantly (<10 ms) even for large molecules. Given the short fragmentation times,
and the selectivity provided by UVPD fragmentation, combining with LC and SWATH DIA will be the focus of our
future work.

REFERENCES

1. Baba, T. et al., “Electron Capture Dissociation in a Branched Radio-Frequency lon Trap”, Anal. Chem. 2015 (87) 785-792

2. Baba, T. et al., “Dissociation of Biomolecules by an Intense Low-Energy Electron Beam in a High Sensitivity Time-of-Flight Mass Spectrometer”, J. Am. Soc. Mass
Spectrom. 2021 (32) 1964-1975

3. Giraud, R., et al., “LC-MS/MS With Collision Induced Dissociation And Photodissociation For Qualitative And Quantitative Analysis Of Low Molecular Weight Compounds”,
70t ASMS 2022 Minneapolis — TP 506

4. Lanzillotti, M., et al., “Comparison of Top-Down Protein Fragmentation Induced by 213 and 193 nm UVPD”, J. Am. Soc. Mass Spectrom. 2023 (34) 279-285

5. Fornelli, L., et al., “Thorough Performance Evaluation of 213 nm Ultraviolet Photodissociation for Top-down Proteomics”, Mol Cell Proteomics, 2020 (19) 405-420

6. Hao, C,, et al., “Ultraviolet photodissociation of protonated pharmaceuticals in a pressurized linear quadrupole ion trap”, Rapid Commun. Mass Spectrom. 2010 (24) 2262-
2268

TRADEMARKS/LICENSING

The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx Only. Product(s) not available in all countries. For information on
availability, please contact your local sales representative or refer to www.sciex.com/diagnostics. All other products are For Research Use Only.
Not for use in Diagnostic Procedures.

Trademarks and/or registered trademarks mentioned herein, including associated logos, are the property of AB Sciex Pte. Ltd. or their respective
owners in the United States and/or certain other countries (see www.sciex.com/trademarks).

© 2023 DH Tech. Dev. Pte. Ltd. RUO-MKT-10-15643-A




	Slide 1

