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Introduction

Electron-Capture Dissociation (ECD) is an increasingly important
technique for the structural analysis of proteins and peptides, providing

complementary data to traditional Collision-Induced Dissociation (CID).
Modern research-grade mass spectrometers have significant flexibility,

but this necessitates a degree of complexity which can make the
optimization of experiment conditions challenging, both for initial settings
and during ongoing studies. This study discloses an assessment of
various automated approaches to the optimization of an ECD device
within a Q-IMS-ToF mass spectrometer, determining performance metrics
such as the speed of the optimization process and the reliability of the

final conditions.

Methods

A Waters SELECT SERIES™ Cyclic™ IMS system fitted with an Electron-
Capture Dissociation device, in the post-IMS position, was used for the
development and assessment of several optimization routines.
Performance was evaluated using an infusion of substance P (Merck),
focusing on the c/z ions produced through the ECD process, while also
minimizing the formation of b/y ions associated with CID fragmentation
reactions. Example spectra of Substance P, under conditions where ECD
only fragmentation is dominant, and under conditions where CID
fragments are also produced, is shown in Figure 1.

An overview of the instrument is shown in Figure 2, with the location of
the ECD cell highlighted. The potential energy arrangement of the device
is also shown, indicating how the biases and gradients are applied.

Experimental

A research application was written (using Microsoft Visual Studios C#)
which allowed direct control of the mass spectrometer and the ECD
device (Figure 3). The application analyses data as it is acquired and
adjusts the ECD-related control voltages, to study their impact on the
formation of the ECD ions.
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Figure 2. System schematic, and potential energy arrangement of the ECD device.

o EXD Tool - X

Optimisation Data: ECD Lenses Latest Result

Parent 674.8634: 55791.937 lons Per Second, RSD = 2.5%
c/z lons Sum: 311.284 lons Per Second, RSD = 29.2%

Start Start AutoTune
D:\Masslynx Projects\ECD_2026.PRO\Data' 260507 ECD Test PreECD Gradient:
Data File: | 1,raw

ra
n

Data File Detection Root Directory:

Detect Latest Data File

lon Assessment Parameters

Mass Window (+/-Da):

D:\Masslynx Projects

Browse for Data File

Scans to Average:

PreECD Bias:

Entrance Lens:

wn
=

Mag1 Lens:
Lensh:

Cassette Bias:

lon 624.3943: 106.419 IPS, RSD = 10.8%
lon 752.4531: £9.390 IPS, RSD = 22.6%
lon 899.5215: 60.999 IPS, RSD = 12.2%
lon 1046,5900:  33.933 IPS, RSD = 22.9%
lon 1103.6113: 40543 IPS, RSD = 18.6%

bfy lon 2541617 33.692 IPS, RSD = 28.9%

bfy lens Sum: 80.877 lons Per Second, RSD = 38.3% AutoTune

Operation : |Optlr’m;a Two Lenses

¥ |

Primary Lens: |Len;A

v |

Min: Max: Step: | 0.10

Fine Tune?: [] Time per Step (s}: 10

. . y . bfy lon 382.2567:  11.840 IPS, RSD = 38.7%
EaEptM=(Re) [omisezs LR E = b,f; lon 735.4266:  7.252 IPS, RSD = 28.5% Secondary Lens: |Ca;;ett5 Bias v
) LensB: 50 b/y lon 882.4950: 6738 |PS, RSD = 26.9%
Parent Charge: Open by lon 1020.5634:  5.391 IPS, RSD = 58.8% Min ; -@ Max: -m Step: | 0.10
ozl byl Mag2 Lens: bfy lon 1086.5848:  5.214IPS, RSD = 60.2%
o ylons by lon 1199.6683:  10.749 IPS, RSD = 22.0%
] 1741355 ] 157.1089 Exit Lens: [ Update Add Delete Up Down
0 271882 2541617 PreTrans Gradient: 2.0 Optimise Filament Bias, between -2.0 and 5.0, Fine
[ 399.2832 382.2567 Optimise Cassette Bias, between 0.0 and 60.0, Fine
[ 469.3360 [ 479.3094 PreTrans Bias: Optimise Pre ECD Grad, between 0.0 and 10.0, Fine
624.3845 [ 607.3680 Optimise Pre ECD Bias, between 0.0 and 10.0, Fine
Optimise Pre Trans Grad, between 0.0 and 10.0, Fine
;;;:;j; EZ:;EE Sanmag et Operations Info: Optimise Pre Trans Bias, between 0.0 and 10.0, Fine
' ) Optimise Entrance Lens, between -40.0 and 3.0, Fine

1046.5900 1029.5634 Logging 10:28:31: Time to read data = 14,5755 ms Optimise Exit Lens, between -60.0 and 10.0, Fine
1103.6113 10865848 [ Show Results Log Window 10:28:32: Time to read data = 123948 ms Optimise Mag 1 Lens, between -10.0 and 10.0, Fine
[]1216.6954 1199.6689 10:28:33: Time to read data = 13.034 ms Optimise Mag 2 Lens, between -10.0 and 10.0, Fine

Enable Verbose Logging 10:28:34: Time to read data = 149385 ms Optim!se Lens A, between -10.0 and 10.0, F_ine

10:28:35: Time to read data = 14.0891 ms Optimise Lens B, between -10.0 and 10.0, Fine
Enable Debugging 10:28:36: Time to read data = 14,4924 ms Optimise Filament Bias, between -2.0 and 5.0, Fine

0.05 Add Del

0.05

Test

10:28:37: Time to read data = 16.1284 ms

Load Sequence Save Sequence Clear Sequence

1007 Cs c ECD only conditions
752.429 7
899 491
Cy Cio
496.327 Cg Cq 1216644
= 1103 568
1046 551
696 335
348 987
4
226 952 288 521 B55.479 9
‘ 424889 536.866 606849 L 1078522
0 L . el | Ll Ll 1 I
T T T T T T T t Y u t u T T T T T T Y u ¥ Y Y f T T T T T u T T T T T T T T T ¥ miz
200 250 300 350 400 450 500 580 600 650 700 750 800 850 900 050 1000 1050 1100 1150 1200 1250
1001 b ECD + CID conditions
2 515.275
627 842
by
382 262
Yo
543,762 1094540 b10
* b 1199 621
752.429 7 B93.4m
Y4 06307 b 882464 Ys b
6 8
y 466,242 736.404 966.453 1029 524
288921 )3
226962 |271.188] 19177 696.335
\ ‘ l 348.987 449 214 L L 946,481 t ]
402,895 1260591
P R R AN ¥ II{ b M\u‘ bl Ill‘\qlllm .L“ bt b et ||J‘| |‘. i L ‘I\ W ‘t bt
200 250 300 350 400 450 500 550 500 650 700 750 200 850 900 950 1000 1050 1100 1150 1200 1250

Figure 1. Mass spectra of Substance P, using tuning conditions which produce dominantly ECD
only (c/z) fragments (upper) and conditions that result in additional CID (b/y) fragments (lower).
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Figure 3. Screenshot of the research application, developed to control the ECD device and
explore automated optimization techniques.

The application allows the ions of interest to be defined, both the favored
c/z ions and the undesired b/y ions, which can be monitored as conditions
are varied. It also facilitates the construction of an optimization schedule,
with controls or control pairs being optimized in sequence with various
parameters stipulated.

A further function of this program is to profile the intensity of the specified
ions of interest with respect to the control voltage, allowing the
determination of the useful range of the lens and its sensitivity to changes
in voltage, which in turn can be used to maximize the effectiveness of the
optimization process.

Furthermore, pairs of controls can be profiled together to map out their
interdependency. This allows for more sophistication optimization
processes to be developed, such that the optimum combination of control
voltages can be determined with fewer iterative steps.

Results

The profiling of the ECD controls identified several which can have
differing impacts on the formation of ¢c/z and b/y ions, and their alignment
to dominant parent ion signal. Examples of these are shown in Figure 4.

lon Signal with pECD Gradient lon Signal with Cassette Bias lon Signal with Filament Bias

—e—Parention  —@—cz5um  —@—bysum —e—Farention —@—ciSum  ——bysun —e—Parention  —@—C75um  —@—bySum —e—rarentlon  —8—ciSum  —@—bySum

Waters

An example of the optimization process running during an infusion of
Substance P is shown in Figure 6. The process took 26 minutes to run
and resulted in a five-fold increase in the signal from the c/z ions. A
second pass of the optimization process yielded little improvement, as did
a manual re-optimization, demonstrating its effectiveness.

Figure 4. Intensity vs applied voltage profiles for selected controls. The Entrance Lens shows
uniform responses for the parent ion signal and the c¢/z and b/y ions. The other controls shown
exhibit differing responses for the c/z ions to the other ions monitored.

Where differing control voltage optima are observed for c/z ions, when
compared to the other ions monitored, the optimization operation is
adjusted to focus solely on these ions. For those controls where optima
are aligned for all ions, the optimization can use the sum of all ions as its
optimization metric, with higher precision due to greater ion flux.

Some controls exhibited interdependencies when profiled as pairs, as
shown in the examples in Figure 5. The interaction maps allowed
relationships between the controls to be established such that a virtual
parameter can be used, which has a rotated axis aligned to the optima in
these maps. A second virtual parameter is created which is orthogonal to
the first. An optimization of both parameters allows the optimum
combination to be determined in just two optimization operations.
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Figure 5. ECD controls interactions, demonstration the inter-dependency of certain combinations.
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Figure 6. Chromatogram of the combined c/z ions’ intensity during the automated optimization
process

Conclusions and Future Work

A research application has been developed which facilitates investigation
of the influence of the pertinent controls of an ECD device on a plurality of
desirable c/z fragment ions, and provides a mechanism for their
automated optimization. The speed of the optimization process is
increased by optimizing certain controls as pairs, where a known
interdependent relationship has been characterised and incorporated into
the program. The process is faster than a manual optimization of these
controls and can provide a higher degree of precision.

Further studies will be conducted to refine the optimization process and
investigate if the user-facing controls of the device can be simplified by
utilizing the relationships established between certain controls. Machine
learning could also be of benefit to this study, to investigate other possible
interdependent relationships between three or more of the controls.
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