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1 | INTRODUCTION

Glen P. Jackson?®

Abstract

Rationale: Charge transfer dissociation (CTD) is a novel fragmentation technique that
demonstrates enhanced structural characterization for a wide variety of molecules
compared to standard fragmentation techniques like collision-induced dissociation
(CID). Alternative fragmentation techniques, such as electron transfer dissociation,
electron capture dissociation, and ultraviolet photodissociation, also overcome many
of the shortfalls of CID, but none of them are a silver bullet that can adequately
characterize a wide variety of structures and charge states of target compounds.
Given the diversity of structural classes and their occasional obstinance towards
certain activation techniques, alternative fragmentation techniques are required that
rely on novel or alternative modes of activation.

Methods: Herein, we present a step-by-step protocol for the installation of CTD on a
quadrupole ion trap mass spectrometer and best practices for optimizing the signal-
to-noise ratio and acquisition times for CTD mass spectra.

Results: In addition to two CTD installations in the Jackson laboratory, CTD has also
been installed, and is currently in operation, on two 3D ion trap mass spectrometers
in France: one in the laboratory of Dr. David Ropartz and Dr. Hélene Rogneaux at
INRAE in Nantes, and the other in the laboratory of Dr. Jean-Yves Salpin at
Université d'Evry Val-d'Essonne, part of the Paris-Saclay University system.
Conclusions: Here, we provide a visual protocol to help others accomplish the

instrument modification.

information, tandem mass spectrometry (MS/MS) is generally

required. In MS/MS, a specific m/z range of precursor ions are first

Mass spectrometry is a ubiquitous technique with diverse applications
ranging from space exploration? to the identification of diseases with
biomarkers.2 These diverse applications are partially enabled by the
ability to perform high-resolution accurate mass measurements, which
provides information about the most probable elemental composition
and chemical formula for a given precursor. However, a chemical
formula does not speak to the constitutional arrangement of atoms in
the molecule, which can result in numerous possible structures and

isomers for the same elemental composition. To obtain structural

isolated before selectively activating the precursors to encourage
fragmentation into its product ions. MS/MS allows structural
information to be gleaned from the fragmentation patterns of a
precursor.3 Collision-induced dissociation (CID) is the most common
form of MS/MS because of its compatibility with most instruments.*
However, CID has certain limitations, such as the facile loss of water,
weakly bound adducts, and post-translational modifications. Although
beam-type CID and higher-energy collisional dissociation help provide

higher-energy fragmentation pathways, the general proclivity for low-
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energy fragmentation is a major limitation for CID.>"® Therefore,
higher-energy and radical-based fragmentation techniques have been
developed, including electron transfer dissociation (ETD),? electron
capture dissociation (ECD),*° electron-induced dissociation (EID), and
electron detachment dissociation (EDD) (collectively known as
ExD),**"*® ultraviolet photodissociation (UVPD),** extreme UVPD
(XUVPD), and charge transfer dissociation (CTD).

CTD was developed in the Jackson laboratory in 2014%° and
involves the interaction of helium cations at 5-10 keV of kinetic
energy with stored precursor ions in an ion trap.*® CTD evolved out
of kiloelectronvolt ion-ion reactions conducted in the laboratories of
Roman Zubarev'” and Thomas Schlathélter.’®? These high-energy
helium reagent cations activate the stored precursor ions in the ion
trap and generate rich MS/MS spectra through radical-driven
fragmentation pathways with activation barriers exceeding 20 eV.%®
However, the ion beam in Zubarev's work contained mixed reagent
ions from a microwave plasma with kinetic energies up to 1 keV and
reaction times up to 5 s. The fragmentation efficiencies and reaction
times were therefore not ideal. The studies by Schlathélter and
co-workers used m/z-isolated precursor ions of selected charge states
and specific kinetic energies, but their observations seem to be
optimized for low mass fragments below m/z 150. They therefore did
not observe many sequence ions for peptides. Our instrument
modifications since 2014 have allowed CTD to be applied on 2D and
3D ion traps with ion beams up to 10 keV and typical reaction times
of ~1 s on the 2D trap and 20-100 ms on the 3D trap. Since initial
testing, all CTD experiments have focused on 3D ion traps for the
primary reason that in the 3D ion trap configuration, the ion gun is as
close as possible to the stored precursor ions of interest, so beam
divergence is minimized, reagent ion/analyte ion overlap is
maximized, and CTD reaction times are minimized.

In both 2D and 3D ion traps, CTD produces more structural
information than CID for a variety of biomolecules, including

21-23 25-33 and

proteins,?®  peptides, lipids,>*  oligosaccharides,
macrocycles.>* CTD has proven useful at elucidating the structures of
novel glycans in applications involving HPLC/ESI-MS of glycan
mixtures.>>~3” Due to the success of CTD for these wide-ranging
classes of molecules, CTD can function as another weapon in the
toolbox of mass spectrometrists to characterize large or complex
molecular ions. In our previous publications, we have attempted to
describe the instrument modifications with sufficient detail to permit
others to complete the same modification, if they wish. Here, we have
provided even more detail to make as transparent as possible the
modifications and tips/tricks to assist with troubleshooting and data
acquisition.

In 2018, we helped install CTD-MS on a 3D ion trap in the
research group of Drs. Ropartz and Rogniaux at the mass
spectrometry platform in INRAE, France. After several years of
successful collaborations between our two groups, their group is now
operating independently and applying CTD-MS in their own
collaborations in structural biology that require the characterization of
complex carbohydrates. In 2022, we completed the installation of

CTD-MS on another 3D ion trap in the laboratory of Dr. Jean-Yves

Salpin at Université d'Evry-VaI-d'Essonne. This instrument is now in
routine use in their laboratory. We are happy to help others achieve

such independence upon request.

2 | MATERIALS

1. Bruker amaZon 3D ion trap with vendor-modified ion trap for
UVPD experiments. Upon request, Bruker will provide an ion trap
assembly with a pre-drilled ring electrode and a modified lid that
enables an optical window (or ion gun in our case) to be mounted
directly above the hole in the ring electrode. The instrument will
be installed to meet normal specifications for mass resolution,
limits of detection, etc.

2. Ultrahigh-purity helium cylinder $200 (Optional: in-line helium
purifier: e.g., Restek triple filter) and single position baseplate
(Optional, Restek part no. 22019) $450.

3. Duniway Stockroom Corp. Bakeable Variable Leak Valve
(Duniway part no. VLVE-2000) $1200.

4. 2.75" ConFlat® spacer 34" or 1” thick with a >70 mm bore for ion
gun (Kurt J. Lesker part no. DFF275X150SS) $78.

5. Microbeam-7C Saddlefield lon and Fast Atom Source mounted
on a standard NW38CF (70 mm outer diameter) (Microphotonics
part no. ZMB-7) $4800.

6. 10 kV ultravolt power supply (Advanced Energy Inc. part
no. 10HVA24-BP1-WS) or Matsusada AMT-10B10. Both have
rise times of ~300 V/us or more, which is theoretically sufficient
for operation without the Behlke high-voltage switch. However,
the Behlke switch provides rise times of the order of ~10 ns and
can work with any steady-state high-voltage DC power supply.
$2500.

7. Fast high-voltage transistor switch (Behlke part no. HTS 101-03)
$1100.

8. Arbitrary function generator (AFG; e.g., Keysight part
no. 33511B) $2100.

9. Digital oscilloscope (e.g., Rigol part no. DS1054) $350.

10. 24 V power supply (e.g., Tenma part no. 72-8690A) $300.

11. High-voltage cable (Genvolt part no. 3239 PP) $200.

12. 1.33" ConFlat® to 4" Swagelok adapter (Kurt J. Lesker part
no. FO133X4SWG) $59.

13. Reusable fluorocarbon gaskets for 1.33”and 2.75” ConFlat®
spacers (Kurt J. Lesker part nos. GA-0133V and GA-0275V) $5.

14. 6 x 12-20 x 2" bolts and 18 washers to attach ion gun to
chamber lid (Kurt J. Lesker part no. HB$25028200) $26.75.

15. 6 x 1” long screws to connect 1.33"” ConFlat® from ion gun to
leak valve.

16. 6 x 3/4” long screws and nuts to connect 1.33” ConFlat® on
leak valve to ConFlat®/Swagelok adapter.

17. Bruker auxiliary cable with home-made BNC attachment.

18. 1 kQ resistor 0.25 W (e.g., Digi-key part no. CF14JT1KOOCT-ND)
$0.10.

19. 11 BNC straight plug solder cup connectors.

20. 4 BNC cables.
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21. 3 female BNC unions and 2 BNC tee adapters (2F, 1M).

22. 4 mm connectors (crocodile clips).

23. Connector that attaches to self-latching AMP-MODU.

24. 120 Q resistor 5 W (e.g., Digi-Key part no. 120W-5-ND) $0.63.

25. Ring terminals.

26. Custom barrel connectors.

27. Assorted diameters of heat-shrink tubing (e.g., Grainger item
no. 3YWR4; Panduit part no. HSTT-YK2) $17.56.

3 | METHOD

Similar to photoactivation- and electron-based fragmentation
techniques, CTD is typically employed in ion-trapping mass
spectrometers to ensure sufficient spatial overlap between the
reagent cations and the trapped precursor ions. If sufficient overlap is
not achieved, then the fragmentation efficiency will be drastically
reduced.®® The following protocol is specific to implementing CTD on
a Bruker amaZon 3D ion trap, but the underlying principles can be
used to establish CTD on other ion-trapping mass spectrometers. As
mentioned above, the first description of CTD from our group was
accomplished on a Thermo Velos Pro 2D linear ion trap, and the
specific details of that modification are provided elsewhere.®
The modifications described below will involve work with high-
voltage power supplies, so necessary safety precautions should be
taken. Consult the proper authorities at your local institution for
specific guidelines, and feel free to reach out to the authors with

specific questions.

3.1 | Instrument modifications

To enable overlap between the kiloelectronvolt reagent ion beam and

the stored precursor ions, the commercially available 3D ion trap
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FIGURE 1
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needs to be modified. One way to accomplish beam overlap is to drill
a hole in the ring electrode. Of course, drilling a hole in the ring
electrode alters its mass and capacitance, so the impedance-matching
network of the main RF power supply will need to be modified/tuned
to accommodate the change. Fortunately, Bruker's high-voltage RF
power supply accommodates the modification through its own
automatic impedance matching network without the need for manual
intervention. As mentioned earlier, UVPD experiments also require
holes to be drilled through the ring electrode of the 3D ion trap, and
Bruker now provides custom-modified trap assemblies with
pre-drilled ring electrodes for a relatively modest premium over a
regular instrument. In our experience with three different
installations, the modified trap still passed all the same installation
specifications as the installation with the normal ring electrode.
However, if the modified trap does not meet the installation
specifications, we recommend reaching out to the user's local service
engineer.

The modified ring electrode incorporates a 3-mm-diameter hole
drilled through both sides of the ring electrode, which is then
countersunk with a 6-mm-diameter well on the outsides of the ring
electrode with a depth that almost reaches the innermost surface of
the ring electrode (Figure 1). One hole lets the laser beam or reagent
ions into the trap, and the second hole permits the laser beam or
reagent ions to exit the trap and be detected for validation purposes.
In CTD studies, the second hole is still beneficial because it serves as
an exit orifice to help reduce background chemical signals caused by
sputtering, desorption ionization, or secondary ionization.

Figure 1 shows an image of the modified ring electrode in its
installed position from the top view (left) and on its own (right). These
modifications to the ring electrode are similar to previous
modifications by our group to perform metastable atom-activated
dissociation MS in 3D ion traps.2?*° Once the modified ring electrode
is installed so that the holes are vertical, the mass analyzer is tuned

and calibrated in the normal manner. The increased conductance limit

3 mm orifice

Bird's-eye view of the modified ring electrode showing a countersunk 6 mm hole through most of the ring electrode and a 3 mm

aperture in the final few millimeters nearest the inner surface of the ring electrode. The ring electrode is a mirror image, so it has two identical
holes on the same axis. [Color figure can be viewed at wileyonlinelibrary.com]
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from the trap to the vacuum chamber causes the base pressure in the
vacuum chamber to increase from ~1 x 107° to ~4 x 10~ mBar
and the helium bath gas pressure to decrease below its intended
factory-calibrated value. The instrument should automatically
compensate for the decrease in helium pressure in the trap by
increasing the flux during an automated helium calibration check.
Again, in our experience, the instrument's autotune function will
automatically adjust the necessary parameters to enable the
instrument to meet regular performance specifications without
the need for a user to manually alter any specific settings.

The vacuum lid must be modified to allow the ion gun to be
mounted directly above the modified ring electrode. In our previous
installations, Bruker provided a prefabricated lid that contained a six-
hexbolt pattern to accommodate a 2.75” ConFlat® flange directly
above the hole in the ring electrode. The bolt pattern is designed to
allow the installation of a quartz window to transmit UV laser beams,
but in our case we instead install the ion gun in the same location.
Again, the center of the six-hexbolt pattern is aligned axially with the
hole in the ring electrode. We recommend this approach to others. To
provide adequate space between the end of the ion gun and the trap
assembly we include a 0.75” wide ConFlat® spacer between the
vacuum lid and the ion gun, as shown in Figure 2. Care must be taken
to ensure that the ion gun does not touch any internal wires or parts
after its installation. Reusable Viton O-rings suffice for the ConFlat
connections because baking out is not required.

The ion gun is mounted to the spacer and modified vacuum lid
with the six 14-20 x 2” hexbolts and washers. Next, six ConFlat®
screws mount the leak valve to the ion gun via the 1.33”
ConFlat® adapter. A 1.33” ConFlat® to 4’ Swagelok adapter allows

| 6 Hexbolt pattern

plastic or metal /4" tubing to be installed to the ion gun from a gas
source of choice. Our original studies employed ultrahigh-purity
helium and additional on-line gas purification systems, but more
recent work has shown that because almost all the excitation energy
in CTD derives from the kinetic energy of the point charges and is
almost independent of the mass or electron affinity of the

181941 in principle almost any reagent gas, including

projectiles,
unpurified laboratory air, can be used as a reagent gas for CTD. Of
course, gases that contain moisture or other contaminants might
affect the background chemical signal in certain applications. If
ultrahigh-purity helium is not required, the Restek triple filter in the

list of shopping parts is not necessary.

3.2 | Electrical connections

The various electrical components need to be configured to permit
the proper currents and voltages to be applied to the individual
components at the correct times. In short, the Bruker amaZon
instrument provides an external trigger that we convert to a high-
voltage square wave on the anode of the ion gun. There are many
ways to accomplish this feat, but the description below provides one
reliable, flexible, and affordable option. Figure 3 provides the
electrical schematic for all the components used to perform CTD in
the current arrangements. The use of a dual-polarity high-voltage
power supplies and switcher is not necessary if the ion gun is always
operated in positive ion mode, but their use here opens the possibility
of studying fast negative ions or electrons, which we have not yet
tested.

FIGURE 2 Photos to show the
order of assembly for the ion gun on
two different Bruker amaZon
systems. Top left shows the vacuum
chamber lid, as provided by Bruker.
Bottom left shows a 0.75” thick,
2.75" diameter ConFlat® spacer in
position with the ion gun and a
variable leak valve in the process of
being installed. The image on the right
shows the fully assembled ion gun
with the electrical connections and
insulation installed. [Color figure can
be viewed at wileyonlinelibrary.com]
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On the Bruker amaZon system, the MS/MS trigger-out signal is
found on pin 26 of the auxiliary port on the top-left corner of the
front panel of the mass spectrometer, as shown in Figure 4A.
However, the trigger signal on pin 26 is typically not sufficient to
exceed the transistor-transistor logic (TTL) threshold for most
auxiliary components, so the trigger voltage must be stepped up for
easier/conventional triggering. This is readily accomplished using a
5 V step-up voltage that can be taken from pin 28 on the same
feedthrough. Figure 4B shows the electrical schematic of the auxiliary
cable with a 1000 Q resistor soldered in line with pin 28 and the
Bruker auxiliary cable to function as a ground. Figures 4C and 4D
show images of the electrical connections and completed cable,
respectively, of the modified trigger cable. The opposite end of the
Bruker auxiliary cable should be fitted with a male BNC straight cup.

A BNC tee adapter is installed on the back of the AFG external
trigger connector to allow the trigger from the Bruker to
simultaneously propagate down another BNC cable to trigger channel
2 of a digital oscilloscope. The MS/MS trigger signal is sent to the
oscilloscope to ensure that the ion gun triggers at the correct time,
which is during the period when CID is normally achieved in the
MS/MS scan function. A timing schematic is provided in Figure 5.

The AFG is configured to output with the burst and pulse modes
enabled. The CTD pulse width of the AFG determines the high
voltage on the CTD anode and therefore determines the duration of

fast ion production. In our experience, CTD pulse widths between

Electrical schematic for all CTD components. [Color figure can be viewed at wileyonlinelibrary.com]

20 and 150 ms are generally sufficient, with shorter times used for
chromatographic timescales or more reactive analytes and longer
pulse widths used for direct infusion experiments or analytes with
poor CTD efficiencies.

The period setting on the AFG should be set to an appropriate
setting of ~5 Hz to ensure that the AFG triggers once per scan cycle
and is ready to trigger on every desired scan. The amplitude of the
output AFG square wave should be set to ~4 V,, to adequately
trigger the Behlke high-voltage switch. A BNC cable connects the
output port of the AFG to a tee adapter on channel one of
the oscilloscope. A soldered BNC cup from pin 1 of the Behlke switch
connects to the other female port of the BNC tee adapter on channel
one of the oscilloscope. The Behlke switch is powered with 5 V from
the power supply unit via pin 3 of the five-pin jack. We use a BNC
solder cup and a 4 mm connector to accomplish the connections.
Figure 6 shows the five-pin jack for the Behlke switch during and
after the application of the narrow heat-shrink tubing and before the
application of the larger heat-shrink tubing.

In one of our installations, we use a Matsusada 10B10 power
supply to supply the high voltage needed to perform CTD. The
Matsusada power supply enables manual control of the high voltage
through a manual control dial.

The high-voltage output from the Matsusada DC power supply
travels through a UHV-rated cable to a ring connector on the positive

input terminal of the Behlke high-voltage switch. A second UHV cable
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FIGURE 4 CTD setup with electrical modifications to the instrument. (A) The red circle highlights the auxiliary port of the Bruker amaZon
where the MS/MS trigger can be taken. (B) Block diagram of the electrical setup for the MS/MS trigger cable. (C) Close-up image of the modified
trigger cable. (D) Modified trigger cable completed. [Color figure can be viewed at wileyonlinelibrary.com]

connects through a ring terminal from the negative (output) terminal
of the Behlke switch to the high-voltage feedthrough on the fast
atom gun. This O to +10 kV voltage is used to power the anode of the
ion gun. The final connection on the high-voltage gun is exposed, so it
needs to be shielded using rigid insulated tubing for structural
integrity.

The opposite end of the high-voltage cable is secured to the
anode of the ion gun with the barrel connector. The head of one of
the BNC cables is cut off and connected to the ion monitor electrode
of the ion gun, as shown in Figure 2. The unmodified end of the BNC
cable is connected to channel three of the oscilloscope to monitor the
ion flux. Saddle-field ion sources generate ion beams exiting both
ends of the symmetrical source: one is used to monitor the ion
current by measuring the ion flux on a stainless-steel collection
electrode within the gun, and the other beam exits the gun towards
the ion trap for CTD.

3.3 | Data acquisition

The first step to acquiring data is to open the helium cylinder to allow
helium to flow to the leak valve. Before opening the leak valve, the
high-vacuum levels need to be monitored to ensure that the helium
flow does not overwhelm the pumping capacity of the vacuum
system. The gun only requires about 1-5 sccm of reagent gas.
Acquisition is initiated by opening the Internet Explorer icon on the
data acquisition computer to monitor the high-vacuum level by
selecting the vacuum control tab on the left side of the window. The
leak valve is then opened until the high-vacuum level reads
~1.2 x 107> mBar, which should be a good starting point. Next, the
external trigger configuration needs to be set to coincide with “MS?”
part of the scan function. This is accomplished on the tab on the left
side of the window by setting the trigger level to high and checking
the box for MS(n) (n = 2). Finally, one must also check the box for
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FIGURE 5 Timing of the high-voltage power supply to the anode of the ion gun (bottom) relative to the scan function of the ion trap. CTD is
accomplished during the scan period normally set aside for CID by setting the CID amplitude to zero volts. In this setup, channel 2 (blue) is the
modified output trigger from the Bruker amaZon signifying the duration of the MS? storage of selected precursor ions, channel 1 (yellow) is the
monitor signal for the high-voltage output to the ion gun, and channel 3 (pink) is the direct current monitored in the ion gun, which is the flux
equal and opposite the flux exiting the gun. [Color figure can be viewed at wileyonlinelibrary.com]

fragmentation. The final settings are shown in Figure 7. The external
trigger is now activated and a TTL signal will be triggered to pin
26 described above during the MS? event.

Once the external trigger is configured according to Figure 7, the
trap control data acquisition software is opened to collect CTD data.
First, MS/MS and manual MS(n) should be selected. These boxes are
located on the left of the software, as shown in Figure 8. Other
parameters, such as source voltages, gas flows, and sample flow rate,

will be sample-dependent and should be the same values used for

standard fragmentation techniques, such as CID. However, some of
the parameters may need to be different for CTD relative to CID. For
example, CTD is not as efficient as CID, so we typically overfill the
trap relative to ideal conditions to the point where we observe space-
charge effects in the resulting mass acquisition scan. Space charge is
easily distinguished by peak broadening and shifting as shown in
Figure S1. In Figure 8, the ion charge control (ICC) box needs to
remain unchecked to gain manual control of the ion flux, and the

accumulation time (accu time) needs to be adjusted to a level that
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FIGURE 6 Addition of heat-shrink
electrical insulation tubing to the solder
joint of the five-pin jack for the Behlke
high-voltage switch. The wires connect to
ring terminals or BNC connectors on their
other termini. The photograph on the
right shows the completed connections
before the final piece of heat shrink is
applied. [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 7 External trigger
configuration window, accessed through
Internet Explorer, showing the desired
MS? trigger signal parameters. [Color
figure can be viewed at wileyonlinelibrary.

com]
Set Default
accomplishes the desired population of precursor ions after isolation. precursor ion is reached in the ion trap to ensure that the number of
Bruker's “ICC” is similar to Thermo's automatic gain control (“AGC”) precursor ions remains constant during data acquisition.
and Bruker's “accu time” is similar to Thermo's “ion time”. Typically, The following parameters are specifically related to MS/MS
5 ms is a good starting point to overfill the trap. The accumulation performance. Select the manual MS(n) tab at the top of the table as
time should be kept constant once the maximum abundance of the shown in Figure 9. Enter the desired precursor m/z value into the box
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FIGURE 8 Homepage of the trap control data acquisition software. [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 9 Manual MS(n) tab in trap (A)
control data acquisition software.

(A) Main page of manual MS(n) tab.

(B) CID page of manual MS(n) tab.
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next to the MS/MS label. For precursor ions that do not contain any
labile groups, 4 Da is usually an adequate isolation width. If the
precursor is fragile or has labile modifications, such as sulfate groups,
then a window of 8 Da will help prevent undesirable off-resonance
collisional activation. Once the isolation box is checked, the
accumulation time can be adjusted to optimize for the maximum
precursor abundance. The CID cutoff is typically set to m/z 250 to
minimize the presence of chemical background, such as from ionized
residual pump oil. The box to the right of the CID cutoff is the CID
amplitude; this parameter should be set to O to prevent collisional
heating during CTD. The amplitude can be set to non-zero values if
supplemental activation is desired.

Select the “CID” tab to the left of the table to access more
MS/MS parameters (Figure 9B). The main parameter that will be
adjusted on this page is the activation time value. During CID, the
activation time and fragmentation time are locked, but for CTD,

the times are uncoupled. For CTD, ions are stored for the duration of

the fragmentation time, but ions are only exposed to fast reagent ions
for the duration dictated by the pulse width of the AFG. During CTD,
the pulse width of the AFG and ion gun “on” period should be less
than the fragmentation/storage time in the software to prevent stray
jons/electrons from the ion gun from overwhelming the detectors
with noise. A delay between the CTD plasma and the start of the
mass acquisition segment of the scan function will also provide time
for elevated background levels to dissipate. Typically, we employ CTD
activation times of 20-30 ms and storage times of 50-100 ms. New
instruments tend to have less chemical background and need less
storage time to minimize background signals. The use of oil-free scroll
pumps instead of rotary vein pumps also helps reduce background
chemical signals.

Now, the main tab on the left side of the table can be selected to
go back to isolation and fragmentation parameters. If “fragmentation”
is activated in the MS(n) tab, the Bruker should be delivering an
external trigger. With everything properly connected and on, the ion
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FIGURE 10 Zoomed-in
regions of bradykinin CTD
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gun should now receive a pulsed high voltage on the anode. If the
helium flow and anode voltage are adequately set, the plasma should
be formed with every scan, and the CTD should occur. The y-axis may
need to be zoomed in to clearly observe the product ions, as shown in
Figure S2.

If the abundance of the unreacted precursor ions still causes
space charge after CTD, the product ion spectra will be suboptimal. In
such cases, it is prudent to resonantly eject any remaining precursor
ions before mass acquisition to help reduce space-charge effects. An
example spectrum is shown in Figure 10. We first demonstrated this
concept in 2018,2° and the Brodbelt group has adopted a similar
strategy for UVPD that they call precursor exclusion (PEx).*? The
added steps to perform resonance ejection are shown in Figure 9A.
First, switch back to the CID tab as shown in Figure 9B and uncheck
the “SmartFrag” option, if it is checked. Then switch back to the main
tab to the left of the table and type in the same precursor used for
the MS/MS level in the MS® box. The CID amplitude required to
resonantly eject the precursor ion will need to be experimentally

| cTD

910 920 930 940

optimized to prevent unwanted collisional activation. The amplitude
should be large enough that the unreacted precursor ions are
resonantly ejected and not resonantly excited.** Once the CID
amplitude is determined, check the “reaction on” box but do not
check the “isolation on” box. If the isolation box is checked, then all
the product ions derived from CTD will be ejected from the ion trap
in this step.

3.4 | Troubleshooting

To verify if CTD is functioning properly, check the Behlke switch to
make sure that the red error light is not on, and check the
oscilloscope to observe that the MS? trigger signal from the mass
spectrometer, the output signal from the AFG, and the ion flux from
the ion gun are all present and aligned with each other. As mentioned
previously, ionized pump oil from rotary vane pumps can cause an

elevated chemical background in CTD spectra, as shown in Figure S4.
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To remedy this issue, we propose switching to an oil-free scroll
pump. If this is not feasible, we recommend ‘pre-burning’ the
residual pump oil by switching the instrument to service mode to
protect the electronics while operating the ion gun in steady-state
mode for 5-10 min. Pre-burning usually helps to decrease the
signals from residual pump oil for the rest of the day. If pre-burning is
ineffective, we recommend venting the instrument, removing the
ion trap assembly, and cleaning the ion trap. Another option to
verify that CTD is functioning properly is to run a quality control
sample such as bradykinin. When the 1+ precursor bradykinin is
analyzed with CID, b and y ions are typically generated, but when
bradykinin is analyzed with CTD, a, b, ¢, X, y, and z ions are
generated.*! CTD offers a much greater and comprehensive coverage
of bradykinin than CID, which makes bradykinin a good quality

control sample.

4 | DATA ANALYSIS

Data acquired on the Bruker amaZon are typically analyzed with
Bruker Compass Data Analysis software, but depending on the class
of compounds that are analyzed there might be better suited software
packages available. Bruker data files can be exported as ASCII files or
converted to mzml files to be analyzed by third party software
packages. Note that many fragments from CTD will be radicals, so
the fragmentation behavior will align most closely with UVPD or
XUVPD data.
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Additional supporting information can be found online in the

Supporting Information section at the end of this article.
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