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WP6 - Modification of the Orbitrap mass spectrometer

Deliverable: D6.1 - Modified Orbitrap Q Exactive HF X installed

Task: In parallel to Task 6.1 (Installation of a loaned Q Exactive instrument to Fasmatech to
support Omnitrap development), a standard Orbitrap Q Exactive HF-X (or a similar high-end
instrument) will be modified to improve its performance for desolvation and transmission of intact
antibodies. Based on research using Q Exactive UHMR and standard HF-X instruments, there is
clearly a reserve for optimizing the desolvation region of the atmosphere-to-vacuum interface that
deserves a more detailed exploration. In parallel to this, a joint work with Spectroswiss and
Fasmatech will be started on integration of instrument control software using application
programming interface (API) to be provided by TF. This work includes also development of tuning
and calibration procedures specific for antibody analysis in order to ensure best top-down
performance, integration of data for all fragmentation methods and cross-section measurements.
After testing of all functional units, the resulting will be delivered and installed at KI and
performance protocol will be completed for a test set of compounds.
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1. Description of action

Part 1. Initial assembly and testing of the final instrument.

Successful installation of a new Orbitrap Exploris 480 instrument in Fasmatech lab and its
coupling to Omnitrap back-end was described in the Month 30 WP6 report and is illustrated in
Appendix 1. This document contains also illustration of the modified time sequence of Orbitrap
Exploris 480 MS needed for such integration.

In addition to and beyond the initial scope of this work package, multi-platform integration of
Omnitrap with the older Exactive family of instrument was implemented for the most popular Q
Exactive Plus and HF instruments. In process, unexpected residual ions were discovered to leak
through the closed ion gate of Exactive instruments and additional research allowed to resolve this
issue (Appendix 1).

Following this, an Q Exactive HF/Omnitrap instrument was successfully installed at Institute
Pasteur partner as a part of WP1.

The extensive process of integrating Omnitrap and Exploris required development of two-way
communication utilizing application-programming interface (API). Appendix 2 contains more
detail on this important software tool. On Orbitrap Exploris instruments, access to API is obtained
via a click-through license agreement.

Part 2. Installation and testing of the final instrument at partner KI.

Successful installation of the complete Orbitrap Exploris 480/Omnitrap/IMS instrument in
Karolinska institute is covered by Installation Protocol of Appendix 3. This report contains also
description of user interface and methods of operations of the system.
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6. Performance

Deliverable D6.2 was completed as detailed in Appendices 1-3.
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WP6: Modification of the Orbitrap Mass Spectrometer

Appendix 1. Initial installation of Orbitrap ™ Exploris™
Instrument
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Orbitrap Exploris 480 Mass Spectrometer

thermoscentic

g

%

"m.un'."ux.uuu&nuhns‘d-n:nuhihuinuhﬁhhhhhhLhLLLLLLLLLL

Appendix 1 ThermoFisher

SCIENTIFIC
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* Exploris 480 Mass Spectrometer was delivered to Fasmatech and was
installed on December 14-18", 2020

* Instrument offers increased robustness, higher resolution, and easier access
for hardware modification

* The Exploris is compatible with Field Asymmetric-waveform lon Mobility,
enabling additional specificity



Orbitrap Exploris 480 Mass Spectrometer:

Modification with the Omnitrap

Ultra-High Field Orbitrap Mass Analyzer
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Omnitrap Photo Source: http://erevna.minedu.gov.gr/index.php/en/news/2065-omnitrap-among-top-10-innovations-2018-the-scientist
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Combination of the Omnitrap with the Exploris 480 MS
will occur by installing the Omntrap on the back of the
lon Routing Multipole (IRM, formally termed HCD-cell)

lons will be transported from the IRM to the Omnitrap for
fragmentation and the returned to the Exploris for mass

analysis

Customized hardware developed in collaboration
between Thermo Fisher and Fasmatech to enable
mechanical attachment

Customized MS instrument control software to enable
ion transport to and from the Omnitrap
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Omnitrap Installed on Exploris 480 MS

lon Mobility Drift Tube Omnitrap

(not yet installed) Orbitrap Exploris 480 MS

Side View Rear View

Omnitrap Tune Orbitrap Exploris 480
Software MS Tune Software
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Customized Instrument Control Software:
External Instrument Mode

Modified Operation of lon Optics Customized Voltage and Timing Control
Timing Steps:
1:lon Injection — lons are sent to the HCD-cell
for trapping or fragmentation
2:lonsto Ext. Inst. - lons are sent to the external
instrument through the HCD-
cell Exit Lens
3:lons from Ext. Inst. - lons are sent from external

instrument to the HCD-cell
through the HCD-cell ExitLens
4:1on Pumge - lons present in the HCD-cell are
m removed and sent to the C-trap

User Interface Built-in to Instrument Control Software

| HCD External Instrument Mode

External Instrument Mode * On
VU"agES: Offset to External Instrument * (V) 50
. Spllt Lens [trigger, Purple) Gradient to Bxternal Instrument ™ (V) -30
Transfer Time to External Instrument ™ {ms) 15
. HCD-cell Front (GTEEH} Offset from External Instrument * (/) -50
HCD-cell Back {B[UE} Gradient from External Instrument * (V) 30
HCD-cell Exit Lens (YEHOW} Transfer Time fram External Instrument * (ms) 10
C-Trap Exit Lens Close * () 35
HCD Exit Lens Mode Lens
HCD Exit Lens to External Instrument ™ () 5
HCD Exit Lens from External Instrument ™ (/) -5
Trigger Voltage High * () 5

Trigger Voltage Low ™ (/) 0



Exploris 480/0Omnitrap Combination: Initial Data
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After modification and software
implementation, initial data was
collected using the MS calibration
solution, Flexmix

The hardware addition of the Omnitrap
showed no noticeable effect on the
operation of the MS

When the External Instrument Mode is
enabled, but ions are not transported to
the Omnitrap, >80% ion transmission is
preserved

Upon transmitting ions to the Omnitrap
with the External Instrument Mode,
transmission efficiency is ~90%
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Beyond WP6: Multiplatform Integration SPERS

* The Omnitrap was enabled on two other Orbitrap Mass Spectrometer
platforms prior to the coupling to the Exploris 480: Q Exactive Plus
and Q Exactive HF MS

« These mass spectrometers acted as a test bed for optimizing
operation of the Omnitrap operation and initial data collection

» Transfer of instrument development to the new Orbitrap Exploris
platform improves analytical performance of the complete instrument
and long-term commercial prospects for Omnitrap but required
significant additional work on all aspects of integration
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Beyond WP6: Advanced Modification and
Troubleshooting Required for MS3/MS4 Analysis
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 Initial experiments on Exactive-based Mass Spectrometers, modified with the Omnitrap, showed that very small
amounts of the precursor remained even after “elimination” in the Omnitrap

« These residual precursor ions overlapped with higher m/z ions from the MS3/MS* experiments, limiting
sequence coverage

* In-depth troubleshooting and root-cause-analysis was needed in order to determine the source and find a
solution to eliminate these ions
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Beyond WP6: Advanced Modification and
Troubleshooting Required for MS3/MS4 Analysis

Segmentsd « The ion optics were modified to install the Omnitrap
b T Quetinipoe Flatapole at the end of the HCD-cell

|| ﬁ' * Where are the Residual Precursor ions coming
"_:.'{X from? Multiple possibilities:

|

[

lons being trapped in the HCD Cell

Injection flatapole

lons being trapped in the C-Trap

reproducible, adding to complexity

. R m— ——
-lens
) % - Issue was difficult to replicate off-site and non-

Orbitrap

Q Exactive Plus/HF lon Optics
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Beyond WP6: Advanced Modification and
Troubleshooting Required for MS3/MS4 Analysis

« Causes, Multiple possibilities:
D Cell Caran P Sent - lons being trapped in the HCD Cell
e lons being trapped in the C-Trap

U
II_-H \ * Potential Solutions:
||_-|.!{§ -« Turning off HCD Cell RF when ions were in
o recton oot i Omnitrap
B3 | Turning off C-trap RF when ions were in the
RF-lens %4 Omitrap
Both
| y « Custom software was written for each iteration
Q Exzt;aipve Plus/HF lon Optics of potential solution; while each step showed

improvement, neither nor both fully solved the
Issue
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Troubleshooting Required for MS3/MS4 Analysis

Segmented
HCD Cell C-trap Quadrupole Bent
Flatapole

—h.

Injection flatapole

—
—— i [ i —
RF-lens !
Orbitrap S

Q Exactive Plus/HF lon Optics

« Causes, Multiple possibilities:

lons leaking from Quadrupole in spite of gating
» Potential Solutions:

Turning off HCD Cell RF when ions were in

Omnitrap

Turning off C-trap RF when ions were in the

Omitrap

Applying a high resolving DC potential to

Quadrupole during “ion blocking”, i.e. when split

gate was closed
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Beyond WP6: Advanced Modification and
Troubleshooting Required for MS3/MS4 Analysis
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Appendix 2. Application Programming Interface for
Orbitrap™ Exploris™ instrument
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Exploris 480/Omnitrap Combination: Developing High-

Throughput Workflow via the API Appendix 2

lon Mobility Drift Tube Omnitrap

(not yet installed) Orbitrap Exploris 480 MS

* For a standalone MS, DDA and targeted workflows are
~ e available; however, these are not directly compatible with
the Omnitrap addition as there is no communication
between the two instruments

* The API (Application Programming Interface) allows
two-way communication

* Viathe API, Fasmatech is able to get spectral information
and send custom scans to the mass spectrometer, allowing
high-throughput, e.g. DDA and targeted, workflows

Omnitrap Tune Orbitrap Exploris 480
Software MS Tune Software
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Exploris 480/Omnitrap Combination: Details

Appendix 2

a) Reading Scan Data Stream ~
PR - é API - Y - Ax
> EVENTS ANALYSIS ACTIONS
REQUEST ACCESSIBLE PROPERTIES private void MsScanArrived(object sender, MsScanEventArgs_g)
: NEW MS 1
API SCAN PROPERTIES % SCAN }))) » [MsScan Scan = g.GetScan(); // get access to the scan data
> AccessD[_] ARRIVED ?w.itch (GetMsOrder (Scan)) Analyze Full MS
GET VALUE (,Resolution”) case FULIMS : . And Determine
. INSTRUMENT Get_Candidates_From_FullMS{Scan); Candidates For
—> 140°000 VALUE RePrioritize_tandidates_For_MS2(): MS2 Scans
\..—/ CHANGED break;
b) Monitor and Refine Instrument Values SYSTEM case T:Ezs : trall_Pattern MatchingtScan)
_Spectral_ ern_| ching{Scan . .
e “ = STATUS if (Result_is_not_sufficient) Determine If _
{ spectral Quality of
INSTRUMENT REQUEST ACCESSIBLE INSTRUMENT VALUES CHANGED Refocus_On_Precursor(Scan); MS2 S 4 :
VALUES e RePrioritize_Candidates_For_MS2(); - opectrum 1S
> INSTRUMENT VALUES SourceSprayCurent INSTRUMENT E. ) Sufficient Enough
reak: e .
“ API SET VALUE (,SourceSpra C“"::::}rcem L COMMNECTION 1 Ak for ldentification
pray CHANGED }
> 012 pA Dr'wate void ReadyToSetNewScan(object sender, Eventargs e)
READY FOR Send a New Scan
SET VALUE {,SourceSpray Voltage®) = 2400V if (M52 Candidates_Available) Definition Ear a Full
\ J NEW SCAN 3}) Send_MS2_Scan_Definition(Best_Candidate);
I}EFINI‘I‘ION else Refine_FullMS_If Necessary(); MS or MS2 Scan
c) Setting Custom Scan Definitions )
R

REQUEST ACCESSIBLE S5CAN PARAMETER

N P Pt * API allows to automate essentially any operation available in

LastMass
MaxiT

DS == Tune View of Exploris or Q Exactive MS

s B « APl examples for the Exploris:
’ https://qgithub.com/thermofisherlsms/iapi/tree/master/examples

/Exploris

API

Figures from: ASMS Poster, “Customized Real-Time Control of Benchtop Orbitrap MS” by Kuehn et al.


https://github.com/thermofisherlsms/iapi/tree/master/examples/Exploris

Example of APl usage for Omnitrap op

E P P

Debug -~ AnyCPU Omnitrap

Thermo.API.Exploris-1.6

name="T:Thermo.Interfaces.ExplorisAccess_V1.ClientsEventArgs [~/ Results Viewer

This class extends an empty EventArgs by the content of a caller R
‘]

Fasmatech.Oxford

eration

Fxneriments
Sort By:
/1.ClientsEventArg Injection Time {ma)

Irjection Time fms}=1
Injection Time imaje1
Injection Time (ma)=1
Injection Time ima)=1
Inpection Time ims)=1

name="M:Thermo.Interfaces.ExplorisAccess_V1.ClientsEventArgs.#ctor(Thermo

Create a new cref="T:Thermo.Interfaces.ExplorisAcces:

name="availableClients">List of connected clients.

name="P:Thermo.Interfaces.ExplorisAccess_V1.ClientsEventArgs.AvailableCli

Acce: o the list of connected clients. Thi: a list of all applications
no matter te which particular instrument they are connected.

PN B b D

wes

Injection Time jms|
10 Injection Time jme
11: Ingection Time |

name="T:Thermo.Interfaces.ExplorisAccess_V1.CallResult

This class defines the result of a generic call the API accepted.
A call can be processed asynchroneously. In that case, cref="P:Thermo.In
false and cref="P:Thermo.Interfaces.ExplorisAccess_V1.CallResult.Result

name="M: Thermo.Interfaces.ExplorisAccess_V1.CallResult. #ctor

V1.CallResult Irpection Time (ms|
Injection Time |
Ingection Time

Create a new cref="T:Thermo.Interfaces.ExplorisAcces:

name="P:Thermo.Interfaces.ExplorisAccess_V1.CallResult.Request

This will contain the original request passed to cref="N:Thermo. Interfac

name="P:Thermo.Interfaces.ExplorisAccess_V1.CallResult.Result

This will be null until cref="P:Thermo.Interfaces.ExplorisAccess_V1.Call)

the request caused an exception during processing.

name="P:Thermo.Interfaces.ExplorisAccess_V1.CallResult.HasFinished

True if the call has finished somehow, false otherwi cref="P:Thermo. I

this property is true.

43 Ingection Time (mes)=25

B

Omnitrap Definitions
Parameter
_MS2 Mode Triggers
_Sync Begin (ms)
Sync Wait QE (ms)
Dipolar Amplitude (mV)
Dipolar Amplitude Change rate (%)
Dipolar Duration (ms)
Dipolar Aw- (kHz)
Dipolar Awt (kHz)
QExactive Definitions
Parameter Value
_SynclT 0
Injection Time (ms) 25, 150
Mass lsolation Width {(Th) | 1.5

Available Data

Set X

From Scan

To Sean

X Dipolar Frequency kHz)
¥ Average Intensity

SetY

Intensity Emor
Data Fit
Fit Type : Assymetric v
Assymetric Gaussian
Error Goal 0.0000000100C 15
Gradient 5 poogoot N
Manx

0000 |8

<
>

M= = —eele

Clear
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N

- O *
Y Scale L v
Points (= A0E+T
Lines 4
Mumber of 3 3.5E+7 4
Plat ka 3.0E+7 -
Fit Lines: [ 'E‘! 2 5E+7
Fit g
2.0E+7 <
)
E 1.5E+7
E 106+74
4
50E+6 4
0.0E+0 7
-5.0E+6 3
T -
90.5 91.0 91.5 92.0 925 93.0 935 94.0 94.5 95.0
Dipolar Frequency (kHz)
B -O Dipolar Amplitude (mV): 170, Dipolar Aw- (kHz): 1, Injection Time (ms): 25
© Dipolar Amplitude (mV): 150, Dipolar Aw- (kHz): 2, Injection Time (ms): 25
H O Dipolar Amplitude (mV): 100, Dipolar Aw- (kHz): 1.5, Injection Time (ms): 25
E O Dipolar Amplitude (mV): 35, Dipolar Aw- (kHz): 1, Injection Time (ms): 25
M O Ninolar Amolitude (m\): 50. Dinolar Aui- (kH7): 1. Iniection Time (ms): 25
Calibration Data
Configuration Least Squares Regression
File Type ResDC - RF Frequer Type 162 1
Data Type Minima w _L'"ﬁa ad | d |
Use Fit Data 1 Linear
> Qel
Export Calibration Data
Refresh Preview . R EEE——————. -
0 50 100 150 200 250
X
A
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Appendix 3. Installation test protocol of
Omnitrap™ - Exploris™ 480 instrument
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The Omnitrap / Exploris 480 system i roemoreces
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» Omnitrap/IMS installed on an Exploris 480 MS at Fasmatech’s DemoLab, Athens, Greece. Appendix 3

1¢ bottomup protoomics Ml Tﬂpm -




The Omnitrap / Exploris 480 system WF&W@TCCH

=  Omnitrap/IMS/Exploris 480 system installed at Karolinska Institute, Stockholm (October 2022) Appendix 3
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Appendix 3
Orbitrap analyzer
—
EXPLORIS 480 OMNITRAP
e
SN S— Electron
- - L1 L2 Source L3
& — P P 7 0 P
' ‘ Q2 Q5 Q8

lon Source QMF C-Trap HCD Cell |
Hex1
lon Source



pulsed gas inlet

transfer
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isolation &
collisional activation

The Omnitrap

VUV Light Source

external
injection of
electrons, ions
and activated
neutrals

Plasma lon Source

Rectangular RF Waveforms
RF,

RFg

Dynamic Pressure Control
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Q2 segment Appendix 3

- slow heating CID

- resolving DC isolation

- sweep isolation

- broadband or tailored excitation

Q5 segment
- electron ionization dissociation (EID)
- electron capture dissociation (ECD)
- hydrogen ion activated dissociation (HIAD)
- slow heating CID
- resolving DC isolation
- sweep isolation
- broadband or tailored excitation

Q7 segment
- UV photo-dissociation,

Q8 segment
- ion accumulation
- UV photo-dissociation



Gas lines installation M foemerecs
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Gas Lines Connections: Appendix 3
1/8’ stainless steel tubing : e ‘

1. H, gas outlet (purge line)
— ion source purge valve
2. N, gas outlet (purge line)
— omnitrap purge valve
3. N, gas outlet to IMS drift cell
— IMS needle valve
4. N, gas inlet (tank line)
— omnitrap tank valve
5. H, gasinlet (tank line)
— ion source tank valve
Gas & Regulator specs:
» Ultra-high purity gas supply
(UHP > 99.999% pure) at 600 £50 kPa
[6.0 £0.5 bar]

= Two-stage regulator connected to the gas
tank is preferred — stainless steel tubing with
double-ferrule compression fittings (1/8” or
1/4” fittings) must be used exclusively.

Backpressure settings:
= P(Np) =3 bar _ L Sy
= P(H,) =5Dbar 6
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Omnitrap Software: Standard Mode Y
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— Appendix3 _ , .

b . Time: 258 M5 State : Idi= Loop Count : O Sequence File: Mode © IOmnH:rap | Apply | .
Mode : Standard v
o Sl H ®W® 7 .  Omnitrap/IMS DC states oce |

©  Bundle Library G

Initialization Homal G2
Process Transfar
Electron Source v Numbor of Loops 65536 |~ - _-
RF Freq (kHz) 1300 | Process
lon Source “ Min miz 127.52 | QB 05 Q2 HB — — -
Max miz 89265 | e
lon Mobility Drift Cell v u MR e @ @ @ o s @ 8 @ 3 e -
16 Imm 3s 5 5 4 2 0 2 4 5 [ 8 10 25 35 [1]
Vacuum v
Trangfer Time (ms) 5 ;'_“——_.E._r’—’ Inject Q2
Trapping Time (ms) 10
RF Generator v Q8 Q5 Q2 - -
—
) _ » .
ResDC Isolation G2 u H"A’" H';“ 2 al Q2 Q G4 Q QF Q Q8 g L3 Hex -
Dolay from Gas (ms) | 1 | 6 5 5 4 2 0 2 4 5 & 8 10 25 3 0
RF Freq (kHz) 440,944 |
Mode |ResDCtheoretical - | Confine G2
Resolving DC (V) s | Q8 Q5 - -
Isolation Mass (miz) | 1422 | —
Duration (ms) 6 | . —
RF Freq Retumn (kHz) | 1300.77 | - — L
L1 “i’“ H:’“ 12 o1 Q@ Q Q Q5 Q Q7 Q8 g9 L3 Hex -
CID Q2 3% 5 5 10 2 © 2 4 S5 & 8 10 25 35 0
RF Freq (kHz) 842568 |
Mode ClDtheoretical ~ | AN Resolving DC Q2
Secular Freq (kHz) | 77.303 | ~——— - ——
mowsov Qg Q5 Q2 . -
Duration (ms) 10 | -
miz 1071 | -
value 02
! ' | o M Hed g 2 a3 4 a5 Qs 7 @8 g9 L3 Hew
A B Res
35 5 5 W 2 5 2 4 5 6 8 10 25 35 0 g
Ejection Q2 £
Ejection Lens (V) 6 | S—— Confine Q2 E
Transfer Time (ms) 0| Q8 Qs Q2 S g
32 8
- L T

@ use Connection: OK



Omnitrap States

Stop StandBy Run

PC connection status

b USB Connection: 0K

Omnitrap Software

ISMATECH

science and tachnalogy

Appendix3

D B Tme 112 State : Idle Loop Count ; O Sequence File: C:\Users\Thermo\Desktop\OmniTrap\Sequence Files\PASTEUR\Templates\MS2 ResDC Q2_ CID Q2.bdl Mode : IOmmlrap v| Apply | [O‘.
| | | |

i |
Sequence total time L Path / Name of loaded sequence file Operation Mode ‘
: [ Settings
Stop Sequence —— Number of sequence loop L Om_nltrap P g
2. Orbitrap Positive
—— Run Sequence 3. Orbitrap Negative
Settings [ « ]
General | Calibration Fles | Trapping Tests | INS
Mode of Operation [D"‘\'lt'ap Z Apply |
L1 Orbitrap Positive Mode [V] [ +500
L1 Orbitrap Negative Made [V] IT
Orbitrap Version 'm
Filament Current Limit [A) ,T
omnitrap Radius [mm] [ +a0000

Export electronics corfiguration fles ( json)

Set As Default I



Omnitrap Software: Neutral Mode Y

science and tochnalagy

Appendix3 _ , .

L. MainWindow
> B Tmess s State: ide Loop Count: 0 Sequence File: Mode : IOmnih'ap ~| Apply | .
Mode - | Neutral L
Bundles
*  Bundle Library G
Initialization
Electron Source ~ Number of Loops “ass3 | 0 - . Process Transfer
L —
RF Freq (kHz) 1300 | 0 Process
lon Source W Min miz | 12752 | —— — — t
Max miz | 89265 | _ | W1 —
lon Mobility Drift Cell » d@el | 50 1 u MR L e @ @ o o5 s @ s @ 1B He
Iniection Q2 Tme | 3 4 35 5 5 4 2 ©0 2 4 5 6 B8 W 25 35 0
Vacuum v
Transfer Time (ms) 5 Desc | Normal 02 ¥ 4 Inject@2
Trapping Time (ms) 10
RF Generator v Tms] 5 | 9 = .
—
Tisl 225 9
_ . _ —
wmm hd Tms] '—2 1 —
ResDC Isolation Q2 Desc| mecta2 Wl u MEET g @ @3 e o5 8 @ @ @ B e
Delay from Gas (ms) 1|
- Tmsl 5 16 6 5 5 4 2 ©0 2 4 5 6 8 10 25 35 0
RF Freq (kHz) | 440,944 .
Mode |ResDCtheoretical - | Desc | Confine G2 % 16| | Confine Q2 .
Resalving DC (V) 53 |
: T [ms] 10 26 - -
Isolation Mass (m/z) | 1422 | — Process DC States
Duration (ms) 6 | Tms] 1 27 . . IMS States  Loops
r —
RF Freq Retumn 1300.77 . - — —
Fieq o | l RFIKHz] 440044 %/ 28 s—
T[ms] 1 29 L Hi’“ H;’“ 12 Q1 Q2 Q3 Q4 Q5 06 Q7 Q8 q9 I3 Hex -
CID Q2 @2Res 53 v 2 3% 5 5 1 2 o0 2 4 5 6 8 10 25 35 o0 -
RF Freq (kHz) | 842,568 |
- === == o
Secular Freq (kHz) | 77.393 | Desc | Confine G2 3 35  —
— 1 : : Comnenr
Duration (ms) 0 | Tims] | 5 40 —
. - — —
% : 02 | Hex1 Hex1
Tms] | 1 a2 u TR e e P o e s s @ @ @ B e _
w
Tiusl 730 12 I 05 5 0 2 s 2 4 5 6 8 10 B I 0 g
na e
Ejection Lens (V) e | 25 Delay T[ms] 1 43 Confine Q2 8
=
) Transter Time (ms) 10 | 26 _ RFIKHZ] 842568 3 44 — 3" -
@ Use Connection: OK ys - : v s = - :




Omnitrap Software: Expert Mode et

science and tochnalagy

L MainWindow Ap pendlx 3 — a e
115 State - Idle Loop Count : O Sequence File: Mode . |Omnitrap | Apply | .

Mode - | Expert L

Reps 65536 0 s Nomal 2 J Process  DC States
IMS States Loops

Electron Source v 2 Trigger In Channel Ch2 ~| Edge Neg ~| Type |MS2 ~ 0 - =
—
T = : v
lon Source W _ : — —y -
4 _ RF[KHz] | 1300 | Mode Manual ~| ONIOFF |ON ~| miz | 357.0 ¥ s
. ==
lon Mobility Drift Cell v T _ a %] 50 1 b, g 2@ @2 @ Q4 05 Q6 Q7 Q8 g9 L3 Hem
6 Delay Tms] 3 n 35 5 s 4 2 o0 2 4 5 6 8 W 25 35 0 Delay
Vacuum v
7 DC State Desc Mormal 02 L1 35 | HextA | 5 Hex1B 5 o4 Inject Q2 _
RF Generator v | B Delay Tims] 3 9 ) .
1 == - ==
_ . — . —
LI ¥ o Delay T [ms] 2 1 S—
: Hex1 Hexl
n DC State Desc  Inject Q2 L1 6 | HextA | 5  HexiB 5 ¥ Nn L A B L2 a1 Q2 Q3 4 Q5 Q6 Q7 Q& g9 L3 Hex -
12 Delay T [ms] 5 16 6 5 5 4 2 0 2 4 5 6 8 10 25 33 0
13 DC State Desc  Confine Q2 L1 35 | HextA | 5 Hex1B 5 ¥ 16 Confine Q2 -
—
= = —
1 _ RFIKHZ] | 440944 | Mode ResDCIh | ONIOFF | ON ~ | miz 1422 v 28 S—
17 Delay T [ms] ; 29 L ”:’“ H:" 2 a1 Q@ a3 o Q5 Q Q7 Q8 g 13 Hee -
13_ O2Res 53 | Ofset = 0 | mz | 142 | U 35 ¥ 3 s s w0 2 o0 2 4 5 6 & W 35 35 0 Dipolar Excitation
19 Dela T [ms 6 35 Resolving
3 el peaz Tailored Excitation
20 DC State Desc Confine Q2 L1 | 35 | HextA | 5  HexiB 5 ¥ 3 —
- -
b1 Delay T [ms] 5 40 —
- — —
2 _ RF[KHz] | 1309.77 | Mode Manual ~| ONIOFF |ON ~  miz | 357.06 ¥ 4
Hexl Hexl
23 Delay Timg] 1 | 42 8] A 8 L2 o P?;s Q2 Q@ Q5 Q6 Q7 Q8 g9 L3 Hex
24 GasPulse2 Theel | 230 | 42 35 5 5 10 2 s 2 4 5 6 8 11 2 33 o0 |§
[
[}
=
25 Dealay T [ms] 1 43 Confine Q2 B
=
26 _ RF[KHz] | 842568 | Mode CiDtheor -~ | ON/OFF |ON ~| miz 1071 T — §

W% uss connection: ok



Omnitrap Software: Bundle & Instruction Libraries M rosmorect
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BUNDLES: STANDARD mode INSTRUCTIONS: EXPERT mode Appendix 3

Process Transfer Process DC states Loops IMS states
R

:
@

" H

Add new IMS Siate:

i

RN
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List of Instructions

e L ESSE
Instruction Parameters Values Description Appendix 3
Trigger In Channel 1,2, 1+2 Set at 2
Edge positive, negative Set at negative
Type Normal, MS2 Set at MS2
RF Frequency Frequency 150kHz ... 2500kHz Set depending on the desired mass range.
Mode Manual, CIDTheoretical/Calibration,

RF Amplitude
RF Duty Cycle
Delay

Gas Pulse 1 (N,)
Gas Pulse 2 (N,)

Gas Pulse 3 (H,)

ResDCtheoretical/Calibration,
SweepTheoretical/Calibration

State ON/OFF
m/z

g value 0.01-0.7
Min m/z , Max m/z calculated
Voltage amplitude oV ... 400V
% duty cycle 0...100 %
Time ms

Time VE;

Time VE;

Time VE;

Always set at 250 V.

Always set at 50%.

Set at 215 to 220 ps

Set at 220 to 225 ps

13



List of Instructions

e L ESSE

Instruction Parameters Values Description Appendix 3
Dipolar Excitation Quad segment Q2,05

Secular frequency (Weyc) 1...300 kHz

Amplitude 0... 5000 mV

Duration T ms Use 10 ms or 20 ms

g value 0.01-0.7 Use 0.1, 0.15 or 0.5 depending on desired mass range

m/z

RF frequency calculated
El Source State ON/OFF
Sweep Isolation Edit Waveform

Quad. Q2, Q5

Gain 0 ... 5000 mV

m/z

Q value
DC States Lenses Voltages -150...150 V

Q1-Q9 Voltages -150...150 V

Hexapole Voltage -150...150 V
Trigger Out Time V] Signal connected to the IMS picoscope

14



Omnitrap Bundles i roemoreces

science and tochnalagy

Indicative list of bundles: Appendix 3
TRANSFER PROCESS
External Transfer Internal Transfer lon Activation lon Isolation
Injection Q2 Transfer Q2 to Q5 Initialization ResDC lIsolation Q2
Injection Q5 Transfer Q2 to Q8 CID Q2 ResDC Isolation Q5
Ejection Q2 Transfer Q2 to Q9 CID Q5 Sweep Isolation Q2
Ejection Q5 Transfer Q5 to Q2 Broadband Excitation Q2 Sweep Isolation Q5
Transfer Q8 to Q2 Broadband Excitation Q5
Transfer Q9 to Q2 Tailored Excitation Q2
Tailored Excitation Q5

Note: UVPD

Every sequence must start with a
“Initialization” bundle follows by an
“Injection ...” bundle, and finish with an
“Ejection to ...” bundle.

15



Electron Source ~
Filament .
Current 5 507 [A]
Potential -53 -5293[V]
Set Current )
timer:

s o
Lens Electrodes

£l -20 -19.86 [ V]
E2 Transmit. 20 2019([V]
E2 Deflect =150 -14904 V]
E3 350 34982(V)
Steering Plates v
S2 Transmit -5 [V]
52 Deflect =150 [V]
Electrometer

Current 0.00 uA]
Scale 2uA -
Bias Disabled -

Pass D4

794 87 [V | Positive -

lon Source

Power

Discharge 800
Bt Lens 1200

1204.40 [ V] Negative =

Focusing Lens 500

49768 [ V] Positive =

Steering
Top Left 0 066([V]
Top Right -50 -5018([V]
Bottom Left 40 4256[V]
Bottom Right 0 081[V]
51 Transmit 19 [v]
51 Deflect =150 [V]
RF Generator -~
PSUs
Positive 241.76 0.09 2
Negative 241.47 0.09
Current Limit 15 [A]

Temperature 21.69

Omnitrap Software: Modules

Vacuum A
Pressure :
Omnitrap WRG_S ™ +23e-5 b3
Omnitrap Back Line / APGI00 XM +3563 [ mb
TR R e R R R R S P,

Full Omnitrap Gas Line

lon Source Gas Line

Lo
.
S5

Full lon Mobility Gas Line

Omnitrap Gas Tank
lon Source Gas Tank
lon Mobility Gas Tank
Omnitrap Purge

lon Source Purge

lon Mobility Purge
Back Vaive

Vent Valve

Vacuum Monitor

FSM Enabled
FSM State RUNNING_STATE

&
W

Speed Temperature Power St

Turbo 1
Turbo 2
Turbo 3
Turbo4 998 [res] 39.00 IC] 33
Turbo5 1499 ‘

Turbo6 1500 Psi 3800 11

w

Appendix 3

lon Mobility Drift Cell

Power

RF Hex Traps 500

_/JWUUL_I'—L—:\ SIMTMaOTGECH

science and tochnalagy

500.01[V]

RF Drift Cell 45

4490[ V]

IMS In Lift 800 TETA0[V] 037 [mA]
IMS Out Lift 800 TEB.01[V] 033 m
Hex DC 0 -0.02[ V]
1] -100 -99.37[V]
Detector .
Gain 1000 97875 V]
Diagnostics A
G
Test Enabled State Result Inspect
Q2 Trapping - v @
QS Trapping . v @
Q8 Trapping B v @
Q9 Trapping . v e
Q2 Trapping Time O . @
Q5 Trapping Time O - e
Q8 Trapping Time a - e
Q9 Trapping Time (| . Q
16



Vacuum

Pressure

Omnitrap

Omnitrap Back Line /
Purge

lon Mobility Spectrometer

Segmented RF Hex
Drift Cell
IMS Hex / Detector

Full

Full

O

Full

Omnitrap Gas Tank
lon Source Gas Tank
lon Mobility Gas Tank
Omnitrap Purge

lon Source Purge

lon Mobility Purge
Back Valve

Vent Valve

Pass X

+1.9e-6

Omnitrap Gas Line

lon Source Gas Line

lon Mobility Gas Line

Vacuum module — Pressure readings Appendix 3

FoasmaTGECH

c and technalany

Omnitrap pressure should be ~3e®® mbar when Exploris is in StandBy or Run mode
(N2 is injected into the HCD cell). Pressure should drop at 2 to 4e* mbar when Exploris
IS in Stop mode.

Back Line / Purge pressure < 5e- mbar

Segmented RF Hex pressure < 1e® mbar (with IMS needle valve closed)
Drift Cell pressure ~ 1e mbar (with IMS needle valve closed)

IMS Hex/ Detector pressure ~1e® mbar (with IMS needle valve closed)

Vacuum Monitor

FSM

FSM State

Turbo 1
Turbo 2
Turbo 3
Turbo 4
Turbo 5
Turbo 6

Speed Temperature Power State

499 4400 1

[] Fail [] 17



Pressure

Omnitrap

Omnitrap Back Line /
Purge

lom Mobility Spectrometer

30
0 30

Omnitrap Gas Line

lon Source Gas Line

=

lon Mobility Gas Line

Vacuum module: Purge Gas

Omnitrap Gas Line
Purge: The omnitrap purge (OP) valve is opened; omnitrap gas tank (OT) valve is closed, and the gas lines

of pulse valves 1 and 2 (N,) are purged.

_Aﬂm_%"_-ndeECH

science and tachnalogy

Appendix 3

Full Purge: Both the omnitrap purge (OP) valve and omnitrap gas tank (OT) valve are opened and the gas
lines of pulse valves 1 and 2 (N,) are purged. The N, tank must be closed!

lon Source Gas Line
Purge: The ion source purge (ISP) valve is opened; ion source gas tank (IST) valve is closed, and the gas

line of pulse valve 3 (H,) is purged.

Full Purge: Both the ion source purge (ISP) valve and ion source gas tank (IST) valve are opened, and the

gas line of pulse valve 3 (H,) is purged. The H, tank must be closed!

» Monitor Back Line / Purge pressure and set time (s) accordingly until pressure drops at ~ 10-3 mbar.
: : ™ : ™
Omnitrap Gas Line lon Source Gas Line
Full Purge Full Purge
PV1 PV2 PV1 PV2 PV1 PV2 PV1 PV2
PV3 PV3 PV3 PV3
| | | |
oT oT oT oT
[ﬁ] ' Mor | (et | I
J IST / IST IST /




Vacuum control FSM settings

VacCid Low Levell VacCtd Low Level2 Vac Ctd Fsm  Vac Cid Fsm Config  El Box  El Box Emeter Chat  MSW Box  FPGA USB3

Pump Addr Pressure Cfg
Set Pump Set | System | Purge | Get Caiis System | Purge Gauge Gauge Type Set Threshold, Active Gauges Get Thresholds
Type Addr | pump | pump | Type pump | pump 3 p = — . =
topped Pres -E:::. e-5mbar +be-
Turbo Pump 1 ||Edwards + O ||Edward: O Hi Vacuum |_—|e-5 rw— [~ 0 85
Turbo Pump 2 ||Edwards v |||2 ™ O Edward:|||2 | Gauge 1 SpinDown Pres |5.00 Ile—3mbar VI K 0 o3
Turbo Pump 3 ||Edwards v d O E] Od O For acinsm ,—|e-2mbar o 0 49962
Turbo Pump 4 ||Edwards v D O O D O O Amosphere ezmba ~| B o 0 52
Tubo Pump 5 |[Edwards v[([5 || O | O |Ewed(s | | O | O
Turbo Pump 6 |[Edwards + ||[6 O | O |[edward|[s il Stopped Pres (500 | [eSmbar || [ N2 | e
Hi Vacuum |[1.00 |||e4mbar || N2 +le4
[ B Gauge 2 SpinDown Pres e-3mbar || [ 1 9| +5e-3
| loadDefauts | | Get Pump Settings | Fore Vacuum |[5.00 || [e-1mbar v || [ %] +Be-1
Time Config Atmosphere M lm, +2e2
Parameter Set Value in ms Get Value Siopped Pres eSmbar || O 55
TurboPumpRS232ResponseTime ||27000 ||[27000 | Hi Vacuum |[800||[e5mbar <] 0 85
OnOF24VValveResponseTme | [500 (500 | Gauge 3 SpinDown Pres le3mbar | O |[|[5s3
OrbiDelayVentSyncTime ||2000 | [2000 | Fore Vacuum le-Zmle O +9.9e-2
ForeVacuumDelay Startup Time [SDDD ||SDDD | Atmosphere : 1 O +5e2
ForeVacuumPumpingTime |[179200 ||[79200 |
TurboPump Pumping Time [5400000 ||5400000 l Stopped Pres e-5mbar v ! O +5e-5
TuboPumpSpinDownTime | (1800000 | |[1300000 | o i ] B O |5
SysomvertTime 60000 /50000 | Gauge 4 SpinDown Pres |[5.00 ||[e3mbar ~ e O +5e3
Blectronics230VRelayResponseTime 500 /500 | FoeYeoum /990 |js2mber ||| L] e
Bectronics24VRelayResponseTime |[500 ||[500 | s = =
MeulntedockResponseTime | [5000 ||[5000 ] Stopped Pres |[5.00 |||e-5mbar | O +5e5
PurgeRecoveryTime |[10000 ||[10000 | Hi Vacuum e-5mbar v O +Be-5
HiVacPresExceed_DTime ||6990 JIEED | Gauge 5 SpinDown Pres e3mbar O |3
SpinDownPresExceed_DTime ({4395 ||[4385 | Fore Vacuum |[9.90 ||[e-2mbar v ||[N2| O +9.9¢2
airann Iacksjl Set Timing P s | Atmosphere ||1.80 ||[e-Bmbar v O +1.8e-6
| LoadDefauts | | Get Timing Parameters | | Load From Readbacks | | Set Thresholds
| Load Defautts Get Thresholds

rrrrrrrr

TGCECH

technalany

Appendix 3
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Electron Source

Filament

Current

filament power
On/Off switch @@

Potential

Lens Electrodes

E1

E2 Transmit

E2 Deflect

B3

Steering Plates

52 Transmit

52 Deflect

Electrometer

Current

Scale 2UA

Bias Disabled

An electrometer connected
to skimmer lens S2 is used

to monitor

the emission

current of the filament.

Electron Source module

Current (A): Ignites the filament and controls operation temperature
and emission current. Filament current limit is set at Settings —
General tab

Filament Potential (V): Defines the electron energy, along with Q5

DC voltage, where: Eeiectron = Vos — Vritament

Lens Electrodes E1, E2, E3 and skimmer lens S2 are used to guide
and focus the e- beam into the Q5 segment of the omnitrap.

Lens electrode E2 and Skimmer S2 can take both transmit and
deflect values.

- Deflect Values are applied when EI Source instruction state is set to OFF
and used to deflect electrons in order not to enter the trap region.

- Transmit Values are applied when EI Source instruction state is set to ON
and allow electron irradiation of the ions in Q5.

Steering plates: not available in this electron source version.

= - o x

ent [mA|

Eleetric eurr

Start | sep || Samgple Rste [50 -] ms

™ RealTime CLEAR

Ap pendiX 3 _Aw&_l'—@smc?TECH

rrrrrrrrr

hnalany

1
J

( E1 E2 E3 \
|
filament ]
current / B
potential I
in
\
DC State Desc Lift to react N/
- Deflect
5
ON
< - Transmit
Delay T ms] 50
State OFF ]
Delay T [ms] 1
- Deflect
DC State Desc Confine Q ¥/
Delay T [ms] 5

20



Electron Source module: Filament Characterization

Filament type: ES-046 Ta disc (from Kimball Physics)

Turn-on: For the first time or if the filament has been exposed to air for a prolonged period, turn on filament power
supply and gradually increase current to 5.5 amps to 5.7 amps while monitoring emission current and vacuum
pressure. As the cathode heats up, small increases in vacuum pressure will most likely be noticed, due to out
gassing. Maintain vacuum pressure at ~10 torr or better. A filament that remains in vacuum or is exposed to air for
a short time may be brought to the desired operating temperature almost instantly. Small changes in electron
emission will occur during the first 20-30 minutes of operation, until thermal equilibrium is achieved.

Turn-off: Heater current may be turned off slowly or instantly. Prior to venting, the filament and surrounding structure
should be allowed to cool.

Lifetime: Filament current should not exceed 6.3A to increase lifetime and avoid filament failure.

Appendix 3

science

[ osi11e8
[~ BASE STYLE: AEI

|- TRUE TEMPERATURE vs SOU
[ EMISSION CURRENT vs SOURCE CURRENT _
[ Ta DISC CATHODE e
|- MODEL# ES-046

[ TaDISC DIA. = 1.57 mm
[ W FILAMEMNT DIA. = 0.18 mm

3 / #
:_ " . #— EMISSION CURRENT
- r {CALCULATED)

& TaDisC TEM:E.?&TJHE
—=— W FILAMENT TEMPERATURE

- 55
E
TR -t SN ST T A ST ST T AR S

| |
RCE CURRENT

o 1 hpeens

5.0

5.5 6.0

6.5

SOQURCE HEATER CURRENT (A)

1010

https://www.kimballphysics.com/downloadable/download/sample/sample id/77/

1ol T T T T ] 0
i H 1 k |
- measured on skimmer lens S '
I[mportant note: el L L L 1
Always load the electron < | | § § S filament current = 5.5A
source ECD or EID settings S 1 5 2
before ignite the filament for £ | | | | 3
(3] 4o P Lo Jo . i A
warm up! e “1fiament 5 2
§ |nton L | 8 %
© | 1 | | | © -4 ke
1 | i | B e P SR
od = ‘ ‘ .0 | z | AT
— -5 | = :
4.6 4.8 5.0 5.2 200 400 600 800 1000 1200
filament current (A) time (s)
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RF Generator module Appendix3 i roerorec

science and tochnalagy

RF Generator ~ »  RF Amplitude (V) (both positive and negative PSUs) is controlled by the “RF Amplitude” sequence
instruction. Always set value at 250 V.

PSUs = Current Limit (A) : default value set at 1.5A

Positive 241,76 ! 0,09

= Temperature (°C) : The temperature of the RF Generator is continuously monitored and regulated

Megative 24147 [V] 0.9 )
ot 13 o by the water-cooling system.
» |f temperature exceeds 42°C, a pop-up message appears to notify the user.
Temperature 21.69
» |f temperature exceeds 70°C, omnitrap automatically turns into “Stop” state, and all the electronics
are switched off.
LED COLOUR TEMPERATURE INDICATOR
Temperature (°C) 18 - 25 26— 42 43 - 55 56 - 70 70 +

Water Tank Colour blue green orange red blinking red




4 Instrument
Current Scan
4 Control
4 Define Scan
4 Setup
4 HCD External Instrument Mode
External Instrument Mode *
External Instrument Mode: MS2 Only *
Offset to External Instrument * (V)
Gradient to External Instrument * (V)
Transfer Time to External Instrument * (ms)
Offset from External Instrument * (V)
Gradient from External Instrument * (V)
Transfer Time from External Instrument * (ms)
C-Trap Exit Lens Close * (V)
HCD Exit Lens Mode
HCD Exit Lens to External Instrument * (V)
HCD Exit Lens from External Instrument * (V)
Trigger Voltage High * (V)
Trigger Voltage Low * (V)
AGC mode *
External Handshake
System
Performance
Electronics

IC Source

Tune: External Instrument Mode (1/2) Appendix 3 Ml rosmoTecn

Analysis Graph -

Trigger
50
50

prescan

Affected: System

Omnitrap / Orbitrap Synchronization Rule:

science and tachnalogy

External Instrument Mode : This Mode is used for transferring ions out of the back of the HCD-cell to the
Omnitrap, which is connected instead of the electrometer. Turning this feature "On" sends ions to the HCD-cell
even during full scans with 3eV. In MS2 scans, the NCE or Direct eV setting defines the injection energy into
the HCD-cell.

External Instrument Mode: MS2 Only : When External Instrume Mode: MS2 Only is "On", then this feature
only applies to MS2 scans.

Offset to External Instrument (V) : Sets the voltage of the front the HCD-cell DC gradient when ions are
transported to the Omnitrap.

Gradient to External Instrument (V) : Determines the gradient applied across the HCD-cell. This number,
when added to the value of "Offset to External Instrument * (V)", is the voltage applied to the back of the HCD-
cell DC gradient when ions are transported to the Omnitrap.

Transfer Time to External Instrument (V) : The time that the HCD-cell voltages are held to transport ions
from the HCD-cell to the Omnitrap.

Offset from External Instrument (V) : Sets the voltage of the front the HCD-cell DC gradient when ions are
returned to the HCD-cell from the Omnitrap.

Gradient from External Instrument (V) : Determines the gradient applied across the HCD-cell. This number,
when added to the value of "Offset from External Instrument * (V)", is the voltage applied to the back of the
HCD-cell DC gradient when ions are returned to the HCD-cell from the Omnitrap.

Transfer Time from External Instrument (V) : The time that the HCD-cell voltages are held when ions are
transported to the HCD-cell from the Omnitrap.

. . - . "1 DCState Desc ImectQ2 3% 11 _
Transfer Time to Ext. Instrument 2 Omnitrap Injection Q2 Time ! : Omnitrap
_ _ _ _ 12! Delay T[ms] 5 16, <« Injection
Transfer Time to Ext. Instrument + Transfer Time from Ext. Instrument 2 Omnitrap Total Sequence Time C————— ' I Q2 Time
13 DC State Desc | Confine Q2 %% 16
Delay T [ms] 10 26
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4 Instrument

Current Scan

4 Control

4 Define Scan

4 Setup

4 HCD External Instrument Mode

External Instrument Mode *

External Instrument Mode: MS2 Only *
Offset to External Instrument * (V)

Gradient to External Instrument * (V)
Transfer Time to External Instrument * (ms)
Offset from External Instrument * (V)
Gradient from External Instrument * (V)
Transfer Time from External Instrument * (ms)
C-Trap Exit Lens Close * (V)

HCD Exit Lens Mode

HCD Exit Lens to External Instrument * (V)
HCD Exit Lens from External Instrument * (V)
Trigger Voltage High * (V)

Trigger Voltage Low * (V)

AGC mode *

External Handshake

System

Performance

Electronics

IC Source

Tune: External Instrument Mode (2/2)

Analysis Graph -

Trigger
50
50

prescan

Affected: System

Appendix 3 FosmaTacH

C-Trap Exit Lens Close (V): Sets the voltage of the C-Trap Exit Lens during the transport of ions to and from
the Omnitrap.

HCD Exit Lens Mode: Determines how the HCD Exit Lens behaves during HCD External Instrument Mode
operation. In "Lens" mode, the "HCD Exit Lens to External Instrument * (V)" and "HCD Exit Lens from
External Instrument * (V)" control the voltage. In "Trigger" mode, the "Trigger Voltage Low * (V)" and "Trigger
Voltage High * (V)" control the voltage and create a 5 ms pulse when transfer to the Omnitrap starts.

HCD Exit Lens to Exteranl Instrument (V): The HCD Exit Lens voltage applied when ions are transported to
the Omnitrap. For this value to be utilized, the "HCD Exit Lens Mode" must be set to "Lens".

HCD Exit Lens From External Instrument (V): The HCD EXxit Lens voltage applied when ions are transported to
the HCD-cell from the Omnitrap. For this value to be utilized, the "HCD EXxit Lens Mode" must be set to "Lens".

Trigger Voltace High (V): Sets the voltage of the HCD Exit Lens for the first 5 ms of the "Transfer Time to
External Instrument * (ms)". After 5 ms, the voltage is switched back to the value defined by "Trigger Voltage
Low * (V)". For this value to be utilized, the "HCD Exit Lens Mode" must be set to "Trigger".

Trigger Voltace Low (V): Sets the voltage of the HCD Exit Lens after the first 5 ms of ions being transported to
the Omnitrap. For this value to be utilized, the "HCD Exit Lens Mode" must be set to "Trigger".

Off-line method for MS2 experiments (Large Molecules):

1. Spray analyte.

2. Determine optimal injection time in Full MS mode with AGC Mode: “Prescan”.
3. Switch to MS2 mode and AGC Mode: "Fixed"; set injection time to the optimal determined in step 2.
For small molecules, you can run in prescan mode for either Full MS or MS2.

24
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Appendix 3

Omnitrap Diagnostics

- Trapping tests Q2/Q5/Q8/Q9
- Trapping Time tests Q2/Q5/Q8/Q9



Diagnostics modure: Trapping Tests

Appendix3 M rocis

scienecre  and

Trapping tests are performed on segments Q2, Q5, Q8 and Q9 of the omnitrap in order to ensure that all injected ions are
successfully transfer and trapped at all omnitrap segments.

Additionally, trapping time tests are performed to check the trapping efficiency on different omnitrap segment during time.

Diagnostics

Test
Q2 Trapping
Q5 Trapping
Q8 Trapping
Q9 Trapping
Q2 Trapping Time
Q5 Trapping Time
Q8 Trapping Time

Q9 Trapping Time

Pass X

Stop

-~

Enabled State Result Inspect

(I < I <

O0O0AO0

v

v
v
v

P (& O () 6o (@

Diagnostics

Test
Q2 Trapping
Q5 Trapping
Q8 Trapping
Q9 Trapping
Q2 Trapping Time
Q5 Trapping Time
Q8 Trapping Time

Q9 Trapping Time

Enabled State Result Inspect

o\
o B
o B
m
=
&
a
i

Fail []

Stop

2 @ & &

aQ

The sequence files that are assigned for every
diagnostic test can be set on the settings

menu/Trapping Tests tab.

Settings

General | Caibration Files  Trapping Tests | Wavefomns |

Trapping Tests

G2 - Trapping Test Sequence: Q2 Trapping Test Autains

Q5 - Trapping Test Sequence: QF Tropping Test Autains

Q8 - Trapping Test Sequence: Q8 Trapping Test Autains

Q9 - Trapping Test Sequence: Q9 Trapping Test Autains

Trapping Time Tesis

Q2 - Trapping Time Test Sequence:

Q5 - Trapping Time Test Sequence:

Q8 - Trapping Time Test Sequence:

Q9 - Trapping Time Test Sequence:

Q2 Trapping Time Test Auto.ins
Q5 Tropping Time Test Auto.ins
Q& Tropping Time Test Auto.ins

Q9 Trapping Time Test Auto.ing

OCoOD0OD  DDoOCEE

Set As Default

26
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Q2

Trapping Test

Appendix 3 il roere

science and tachnalogy

lon trapping in segment Q2 is diagnosed by transferring and trapping ions to Q2, followed by a resolving DC signal applied to
successfully isolate a single ion mass distribution, e.g., m/z=1422.

Pass Criterion: The following conditions should be fulfilled:

TIC
> 09

(TIC; + TICY)
T < 0.01

(TIC, + TIC,) ~

TIC: total ion current

Variable parameters of resolving DC isolation:
1) RF frequency
2) Resolving DC voltage (Q2)

Values alternate between two sequence states:

) full mass range transfer to Q2
i) single ion mass isolation to Q2

Pass D4

100
80
60
40—:

20

TIC, TG TIC
\ A \ 2
477.23 L ‘
z=1
full mass range
transfer to Q2 NL~ 2.6e7 lons transferred,
trapped to Q2 and
537.88 released back to
zl 132199 1421.99 /1521.98 orbitrap without
23521 221 =t applying resolving DC
554.91 1122.00 1721.97 isolation.
_z=1 2=1 z=1  1821.96
685.44 1033101 _z=1

400 600 800 1000

m/z

1200

Resolving DC
isolation Q2

TIC;

1600

1400

TIC,

1421.97
z=1

NL~ 4.7¢e7

A

1800 2000

lons transferred,
trapped to Q2 ,
followed by resolving
DC isolation of
m/z = 1422

TIC;

qf
0

1N N

)

200

400 600

800

1000
m/z

1200

Fail []

1400 1600

1800 2000
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Bundles =] BB L
Initialization
Number of Loops 5000 - , aE
RF Freguency (kHz) 1300
Min miz 130.75 Q8 Q5 Q2 Hex
Max m/z 4576.26
Injection Q2
Transfer Time (ms) 10 —_— - P
Trapping Time (ms) 15
Q8 Q5 Q2 Hex
ResDC Isolation Q2 ygriable parameters
Delay from Gas (ms) 1
RF Freq (kHz) 444 794
Mode  ResDCtheoretical - - -~
Resolving DC (V) = 535 Q8 Q5 Q2 Hex
Isolation Mass (miz) 14215
Duration (ms) B
RF Freg Retumn (kHz) 1300
Ejection Q2
Ejection Lens (V) 7 —
Transfer Time (ms) 10 -
Q8 Q5 Q2 Hex

Q2 Trapping Test

16

18

Instructions o~
External Loop Start

Trigger In
RF Amplitude
RF Frequency
RF Duty Cycle

Delay
DC State
Delay
Gas Pulse 2
Delay
DC State
Delay
DC State
Delay
Delay
RF Frequency
Delay
Resolving DC Q2
Delay
DC State
Delay
RF Frequency

DC State
Delay

DC State

DC State

Extemnal Loop End

B® TV

Reps 5000 0
Channel (Ch2 - | ¥/ 0
Amplv] 250 0
RF[KHZ] 1300 | 3/ 1
d[%] 50 1
Tms] 3 4

Desc Normal Q2 | 7 4

T [ms] 5 9
T [us) 225 9
T [ms] 2 1

Desc  InectQ2 ¥ 1
T [ms] 10 21
Desc Confine Qz %7 21
T [ms] 15 36
T [ms] 1 37
RF[KHz] 444794 %7 38
T [ms] 1 39
Q2 Res 535 %7 39
T [ms] 6 45
Desc Confine Qz Y7 45

T [ms] 5 50
RF[KHz] 1300 %/ 51

T [ms] 1 52
Tps) 225 52
T [ms] 2 54

Desc LnQ2 X7 54
T [ms] 5 59
Desc Eject from ( %/ 59
T [ms] 10 69
RF[KHz] 17588 ¥ 70
T [ms] 10 80
Desc Normal Q2 Y 80

80

Appendix 3 il rocmoreck

= Seguence file path/name:
...\Diagnostics\Trapping Tests\Q2 Trapping Test Auto.ins

= Variable parameters of resolving DC isolation:
1) RF frequency
2) Resolving DC voltage (Q2)

= Values alternate between two sequence states:
i) full mass range tranfer to Q2
i) single ion mass isolation to Q2

Sequence state RF frequency Resolving DC
full mass range
transfer finitiar (1300 kHz) oV
single ion mass

fm/z @ 9=0.55 * 53.0V

(m/z) isolation

*e.g., m/iz=1422 — f= 444 kHz

28



Q5 Trapping Test

Appendix 3

science and tachnalogy

lon trapping in segment Q5 is diagnosed by transferring and trapping ions to Q5, followed by a resolving DC signal applied to
successfully isolate a single ion mass distribution, e.g., m/z=1422.

Pass Criterion: The following conditions should be fulfilled:

TIC,
T 0.9

TIC; + TIC;
(TICq 2 _ il

(TIC, + TIC,) ~

TIC: total ion current

Variable parameters of resolving DC isolation:

1) RF frequency

2) Resolving DC voltage (Q5)

Values alternate between two sequence states:
) full mass range transfer to Q5
i) single ion mass isolation to Q5

Pass D4

TIC, Tt TIC
A + A 2
[ V0 \
467.10 537.88
100 =1 z=1 full mass range
] transfer to Q5 lons t:ja”Snged’d
80 trapped to an
1 NL~2.6e7 released back to
60 23521 orbitrap without
sor =1 35;’:'107 554-191 applying resolving DC
— ” 7= . .
. o 1321.99 1421.99/1521 98 isolation.
- z:L z=1 ___:l
207 1022.01 1122:21'00 : 1722:11'97 1821.97
z=1 _z=1
0
200 400 600 800 1000 1200 1400 1600 1800 2000
m/z *
TIC},
1421.97
100 Resolving DC i ~
] isolati 9 5 NL~4.7e7 lons transferred,
80 Isolation Q trapped to Q5 ,
- followed by resolving
60 DC isolation of
] m/z = 1422
40
: TIC; TIC;
20 I I
:l I N )
0_ T 1 T Tt 1 T T+ 1T T =T T 1 T 1 1 I T T T 1 T 1 T 1
200 400 600 800 1000 1200 1400 1600 1800 2000
m/z 29

Fail []



Bundles

Initialization

Number of Loops 5000

RF Freguency (kHz) 1300
Min miz 130.75
Max miz 4576.26

Injection Q2

Transfer Time (ms) 10
Trapping Time {ms) 20

Transfer Q2 to Q5
Transfer Time (ms) 10
Trapping Time (ms) 10

ResDC |solation Q5
Delay from Gas (ms) 1
RF Freq (kHz) 443 47
Mode
Resolving DC (V) 535
Isolation Mass (miz) 1430
Duration (ms) 6
RF Freq Retumn (kHz) 1300

Transfer Q5 to Q2

Transfer Time (ms) 5

Ejection Q2

Ejection Lens (V) 7
Transfer Time (ms) 10

RasDCthaoretical ~

H BB 7T

Qs Q5 Q2 Hex
— . ewm»
Qs Q5 Q2 Hex
variable parameters
/
-\—‘——_
—E -
Q8 Q5 Q2 Hex

21

Q5 Trapping Test

Instructions 4~

External Loop Start
Trigger In
RF Amplitude
RF Frequency
RF Duty Cycle
Delay
DC State

Delay

Delay
RF Frequency
Delay
Resolving DC Q5
Delay
DC State

Delay

Delay
DC State
Delay
DC State
Delay
RF Frequency
Delay

DC State

! External Loop End

B’
Reps 5000 0
Channel Ch2 ~ | ¥ 0
AmplV] 250 0
RF[KHz] 1300 | ¥ 1
d [%] 50 1
T [ms] 3 4
Desc Normal Q2 | 3 4
T [ms] 5 9
T [ms] 1 64

RF[KHz] 44347 % 65
T [ms] 1 66
Q5Res 535 % 66
T [ms] 6 72

Desc | Confine QF %% 72

T [ms] 5 7
T [ms] 2 &8

Desc Linca2 %% 88
T [ms] 5 93

Desc Eject from ( %% 93

T [ms] 10 103
RF[KHz] 1758 ¥ 104
T [ms]) 10 114

Desc | Normal O % 114

114

Appendix 3 b FosmeTec
» Sequence file path/name:
...\Diagnostics\Trapping Tests\Q5 Trapping Test Auto.ins

= Variable parameters of resolving DC isolation:
1) RF frequency
2) Resolving DC voltage (Q5)

» Values alternate between two sequence states:
I) full mass range tranfer to Q5
i) single ion mass isolation to Q5

Sequence state RF frequency Resolving DC
full mass range
transfer finitiar (51300 kHz) oV
single ion mass

1:m/z @ g=0.55 * 52.8V

(m/z) isolation

*e.g., m/z=1422 — f= 441 kHz
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Q8 Trapping Test

Appendix 3 e

science and tachnalogy

lon trapping in segment Q8 is diagnosed by transferring ions to Q8 and trapping them using segments Q6, Q7 and Q9. This
causes total ion signal loss in Orbitrap detector. Releasing ions by “opening” segments Q6 and Q7 results in a full mass range

spectrum.
Pass Criterion: The following condition should be fulfilled: TIC
( 477.23 1 \
z=1
s 100 _ .
) NL~ 1e8 1) full mass range transfer to Q8
< 0.001 80
TIC ] lons transferred to
] Q8 and released
60
TIC: total ion current 1 back to orbitrap.
40__ 2622_-38 537.188 1321.99 1421.99 /1501 98
. . . . T 34499 | ¥ - 7= —
= Variable parameters of resolving DC isolation: i 554.91 o001/ EL 1roer
20- z=1 685.44 1022.01 7=1 1821.97
1) Q6 DC voltage o 1 1

2) Q7 DC voltage

= Values alternate between two sequence states:

) full mass range transfer to Q8
i) full mass range trap to Q8

Pass X []

200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

T{C*

[ 778.97
100

1NL~ 6e3 .
00 ii) full mass range trap to Q8
60‘: lons transferred and
] trapped to Q8.

40

20

0] Iﬁﬂﬂllﬂlﬂhﬂhhﬂjliﬂlﬂmllﬂllﬂlnuu.JﬂilunimuﬂﬂljuuﬂouuuﬂuhLLULLDMJlﬂJLuL}uLLL
200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

Fail [] -



Instructions

External Loop Start
Trigger In
RF Amplitude
4 RF Frequency
RF Duty Cycle
Delay
DC State
Delay
Gas Pulse 2

Delay

17 DC State

Delay

Gas Pulse 1

DC State

DC State

variable
parameters

24 Delay

25 DC State
Delay

27 DC State
Delay

RF Frequency

Delay

DC State

2 External Loop End

Reps 2000
Channel Ch2 v
Ampilv] 250
RF[KHz] 1300
d[%] 50

T [ms] 3

Desc | Normal Q2

T [ms] 5
T lus] 220
T [ms] 2

Desc |Transfer Q2

T [ms] 10
T [us] 225
T [ms] 2
Desc | LitQs
T [ms] 5

Desc  Transfer Q8

L2 25

a3 2

Q6 13

] 1
T [ms] 10
Desc |Lift to Eject ¢
T[ms] 5

Desc Eject from Q

Tms] 20
RF[KHz] 1737
Tms] 10

Desc | Normal Q2

Edge

Mode

L1

L1

L1

L

a1

ar

L1

L1

Mode

L1

Neg ~

Manual ~

35

35

35

Manual ~

35

H B® 17

Type Normal
ON/OFF ON
Hext 6
Hex1 ]
Hex1 (]
Hex1 ]

a2 0

as 4

as &
Hex2 0
Hex1 3
Hex1 5
ONMOFF | OFF ~
Hex1 [

1

3

«

141
4
43

W 43

Q8 Trapping Test

» Seguence file path/name:
...\Diagnostics\Trapping Tests\Q8 Trapping Test Auto.ins

» Variable parameters of “Transfer Q8 to Q2" DC state:
1) Q6 DC voltage
2) Q7 DC voltage

» Values alternate between two sequence states:

1) full mass range transfer to Q8

Transfer Q8 to Q2
- ions
- released
_________________ ® -
(e — -
A
, L1  Hexl L2 al Q2 Q3 Q4 Qs Qs Q7 Q8 q9 L3  Hex2
35 5 25 2 0 2 3 4 5 5 8 1M 15 0
ii) full mass range trap to Q8
Transfer Q8 to Q2
\\X - ions
- trapped
— ] -

L1 Hext 2 Q1 @ Q3 @ Q5 Qb Qf 08 g9 L3
a5 6 25 2 0 2 3 4 13 1 8 11 15 0

_Aw&_ﬁfssmd

scienecre  and

TGCECH

hnalagy

Appendix 3

sequence

state Q6 Q7

transfer 5V 6V

trap 13V 1V
32



Q9 Trapping Test

Appendix 3

science and tachnalogy

lon trapping in segment Q9 is diagnosed by transferring ions to Q9 and trapping them using segments Q7, Q8 and lens L3. This
causes total ion signal loss in Orbitrap detector. Releasing ions by “opening” segments Q7 and Q8 results in a full mass range

spectrum.

Pass Criterion: The following condition should be fulfilled:

%

001
TIC < 0.00

TIC: total ion current

Variable parameters of resolving DC isolation:
1) Q7 DC voltage
2) Q8 DC voltage

Values alternate between two sequence states:

) full mass range transfer to Q8
i) full mass range trap to Q8

Pass X []

TIC
A

[ 477.23
z=1

] NL~1e8 i) full mass range transfer to Q9
80—: lons transferred to

Q9 and released
back to orbitrap.

100

60—

262.98
— = 537.88
40_ z=1 344.99 o 1321.99 1421.99 1521.98
2=1 r z=1 z=1 z=1
201 QP 554.91 1122.01 T 55 172197
i =L = L1 Ly Lo,
T AT N = T T | (T [ TR A
1 r T T 17 1 r 7ttt 11T 1T 17 T+ 1T 1 1T 1T T 1 T 1T 17
200 400 600 800 1000 1200 1400 1600 1800 2000
m/z
TIC*
A
[222.38 \
100+
] |NL~ 8e3

80-] i) full mass range trap to Q9

lons transferred and
trapped to Q9.

.“'.I' L 'u,ml : |||||u|| ! u||I|I

200 400 600 800 1000 1200 1400 1600 1800 2000

Fail [] m

33



Instructions

External Loop Start  Reps 2000

Trigger In Channel | Ch2 v Edge
RF Amplitude Ampi[v] 250
RF Frequency RFIKHz] 1300 | Mode
RF Duty Cycle d[%] 50
Delay T ms} 3
DC State Desc | Normal Q2 L1
Delay T [ms] 5

Gas Pulse 2 Tlus] 220

DC State Desc |Transfer Q2 L1
Delay T [ms] 20
Gas Pulse 2 T [ps] 220
22 Delay T (ms] 2
DC State Desc Lift Q9 L1
24 Delay T [ms] 5
DC State Desc  Transfer Q9 L1

. L2 25 m
variable 4 04

parameters w —ar

a9 9 (K]
Delay T [ms] 5
27 DC State Dasc Lift to Eject ¢ L1
28 Delay T [ms] 5
DC State Desc Eject from Q L1
Delay T [ms] 10
RF Frequency RF[KHz] 1737 Mode
Delay T [ms] 10
DC State Desc  Normal Q2 L1

34 External Loop End

Delay Tims] 1

Neg ~

Manual ~

35

35

35

Manual

35

H B8T{

Type Normal 0
0
ON/IOFF  ON ¥ 1
1
4
Hex1 6 Y 4
9
9
Hex1 6 ¥ 73
93
93
95
Hex1 6 ¥ 95
100
Hex1 6 A
Q2 0
/7
o5 4 100<
\
Qs 1
Hex2 0
105
Hex1 5 ¥ 105
10
Hex1 5 ¥ 10
120
ON/OFF  OFF ~ ¥
131
Hex1 6 ¥ 1N

131

132

Q9 Trapping Test

Sequence file path/name:
...\Diagnostics\Trapping Tests\Q9 Trapping Test.ins

Variable parameters of “Transfer Q9 to Q2” DC state:
1) Q7 DC voltage
2) Q8 DC voltage

Values alternate between two sequence states:

1) full mass range transfer to Q9

Transfer Q9 to Q2
| ions
- released
"""""""""""" @ -
L — o

L1 Hexl L2 al G2 a3 Q4 Qs Q6 Q7 Qs q9 L3
a5 ] 25 2 0 . 3 4 3 6 T 9 15

i) full mass range trap to Q9

Transfer Q9 to Q2
: ions
- trapped
—, @ *

L1 Hex1 L2 Qi Q2 Q3 Q4 Qs Q6 Qr Qs q9 L3
as 6 25 2 0 2 3 4 5 13 11 9 15

_AWAA_I'—:‘:&,md

scienecre  and

TGCECH

hnalagy

Appendix 3

Hex2
0 2$£gence a7 08
transfer 6V 7V
trap 13V 1V
Hex2
0
34



Trapping Time test Q2 M rosmoracs

technalany

Sequence file path/name:
...\Diagnostics\Trapping Time Tests\Q2 Trapping Time Test.ins

Appendix 3

Variable parameter: Injection Q2 bundle - Trapping Time t (ms)
Scan values: 5, 10, 25, 50, 100, 250, 500 ms

Pass Criterion; TICi=500ms

> 0.8

TIC: total ion current TICt=5ms
lons are injected and trapped to Q2.

A 75 ms delay time is needed before trapping time
starts, to ensure gas-free trapping evaluation.

L Hex1 L2 Qr Q2 03 04 05 08 QF Q2 g9 L3 Hex2
3 s w2 02 4 s 6 8 033 0



Appendix 3

Benchmark MS2 experiments
- slow heating Collisional Induced Dissociation (CID)
- Electron Ionization Dissociation (EID)

- Electron Capture Dissociation (ECD)



Appendix 3

slow heating Collision Induced Dissociation
(CID)



Slow heating CID (Q2) : Omnitrap sequence _Mh_rosmorece

nnnnnnnnnnnnnnnnnnnn

H = Sequence file path/name: Appendix 3
..\OmniTrap\Sequence Files\Templates\MS2 CID Q2.bdl or .ins

= CID parameters:

g value (RF frequency)
excitation (secular) frequency
excitation amplitude

duration

Sample: ubiquitin (H20:MeOH:AcOH, 49:50:1) , C=1uM

L1 Hexi 12 Q1 @ Q3 Q4 a5 a5 aqfF a8 g9 L3 Hex
s s w2 0 2 4 5 6 8 W 3 3 o =



Slow heating CID (Q5) : Omnitrap sequence _Mh_rosmorece

nnnnnnnnnnnnnnnnnnnn

= Sequence file path/name: Appendix 3
..\OmniTrap\Sequence Files\Templates\MS2 CID Q5.bdl or .ins

= CID parameters:
g value (RF frequency)
excitation (secular) frequency
excitation amplitude
duration

» Sample: ubiquitin (H20:MeOH:AcOH, 49:50:1) , C=1uM

T T L T L e e

39
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Slow heating CID (Q2 & Q5) — ubiquitin [M+8H]8*

TGCECH

science and tachnalogy

[M+8H]8* Appendix 3
1071.46
z=8
100
80 . .
] QMF isolation
60—
40
20
0 T 1 T T 1 ©&. 1 7§ 1. °t 171 T T 1 1 T 1 Tt 1 1 1 T 1 1 1T T—1 T T T T T T T 4T r r r r r. 1 r 1. 11| T+t 1 oo+ T
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
m/z
1089.42
z=6
100
80
] 1184.63
MS2 CID (Q2)
N 76 1307.10
. z=5
40| 1071.58
1017.57
. 731.42 838.49 005 z=2 z=8 1216.65
00 260.10 373.19 520,26 619.32 674.88 oo, 78195 z=3 z=4 1332.91
4 187.14 z=1 34418 ;=1 492.26 o 221 720 z= 7=2 = l z=5 1378.53 1437.43 1513.87 1565.85  1661.94 1775.03
7 =2 =2 = = i i 2=5 =3 = = = =
0 z=e ) = l ZLJ | : ‘h b, 1 Jb‘.a ‘L : ‘:ll‘ 1A -— :Z_ z=? z=7 z=? z=?
T 1 T 1 T 1r 1 T 1T 1T T T | L LI T 1 [ 1 T T 1 1 1 T1 T —r 1 1+ &
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
m/z
1089.42
z=6
100
80
] 1141.86 1184.63
: a8 umes MS2 CID (Q5)
60— _zz .
1 z=5
g 909.84
403 7=3 1071.45 1216.65
1 20010 619.32 731.42 838.49 1T s 2=4 1332.91
20 71 373.19 520.26 32 674.88 _p, 78195 __, =2 = i
1 18714 344.18 ;o 492.26 >~ =1 g, = =0 = z=5 1378.73 143743 1539.79 1608.82 1660.94 1775.02
1 z=2 l =1 =1 = L c _z=5 z=3 = - = -
0 ’ ] Z‘; l; z y S PR iy ‘h hl; L sk, u“ P 1 1 PR z=1 z=? z=1 z=?
T 1 T 1 T T© 1 T 1T 1T 17 T 1 1 1 T 1 I T 1 [ 1T T T 1 ] rtr r | rrr..r.. ] r &7 rrrOrrorrrr
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800

m/z



Slow heating CID — ubiquitin [M+8H]8* Mh_rosmorec

.......... technalany

Appendix 3

= Annotated slow heating CID mass spectrum of ubiquitin 8+ and corresponding sequence map.

1.0+6 - [M+8H]8*

8.0E+5

6.0E+5

ntensity

= 4.0E+5+
2.0F+5 5

; D SN LkLJ_uJ.u..du..LL
0.0F+0 et e i W B e DL

\inll
e e T "
1000

200 600
mfz

Pass Criterion: >50% bonds cleaved

Pass X ] Fail [] 41



Appendix 3

Electron Ionization Dissociation
(EID)



MS2 EID : omnitrap sequence / electron source settings FosmaTech

c and technalany

Bundles H el = Sequence file path/name: Appendix 3
..\OmniTrap\Sequence Files\Templates\MS2 ExD.bdl or .ins

Initialization

Qs

Number of Loops 5000 — -
._,_,—/"_’ .
RF Frequency (kHz) | 1000 - » Electron Source settings: 1

Min miz 22007 Q8 Q5 Q2 Hex S2 E3 E2 E1

V
Current 5.6A ‘.P 10D D —
o mm Potential (Vsiament) -53V |<j:|

Injection Q2 El ~20V l . . .
B E2 Transmit oV .
rans ime (ms
T 5 e E2 Deflect -150V
. electron — V@5 — Vfilament
S2 Transmit 5V ¢ !
S2 Deflect -150V ~ 35eV
Transfer Q2 to Q5
I':p:'lﬂ::‘:’mz : =  Sample: ubiquitin (H20:MeOH:AcOH, 49:50:1) , C=1uM
ExD i DC State Desc Littoreact Y — — —p it eact G5
Irradiation Tima (ms) 50 1
________ | Delay T [ms] 5
\ g — T T T TS T 1
\ | El Source State ON | o
\ | —
oL s \ : Dela T mel — I 1 Hex 12 o @ @ o4 :'QS T a7 @8 q 13 Hex
Transter Thma (ms) 2 —_—  e-.» \ I y [ 35 6 12 8 6 -13 15 |-1a: -5 -13 6 8 35 0
\ ——
Q8 Q5 Q2 Hex \ : El Source State  OFF :
|\ mm e e e e e e e e e e e = = = Confine Q5
\\ Delay T [ms] 1
Ejection Q2 \\ DC State Desc Confine Q5 ¥ — — —» ()
Ejection Lens (V) 7 ~ \ Del
n _h%_\--- \ ay T [ms] 5
feserine v Q8 Q5 Q2 Hex \ 11 Hext 12 Q1 @ 03 04 Q5 Q6 OF 08 g9 L3 Hex
35 6 12 ] ] 4 3 V] 3 4 ] 8 35 1]



Electron lonization Dissociation (EID) — ubiquitin [M+8H]8*

220131 ubi 8+_EIDtest_ 25ms_1e6 2 #40 RT: 0.56 AV: 1 NL: 6.73E6

Appendix 3

TGCECH

science and tachnalogy

8+ )
T: FTMS + p NSI Full ms2 1071.6500@hcd3.00 [150.0000-2500.0000] [M+8H] number of ions ~ 1e6
1071.58
100+ 28
80 Q M F
s0 ) )
] Isolation
40
20
0—==— —rrr-rT-r-rrrrrrrrrr—rrr T T T e T T e e T e T T T r o, rrr rnn. ., ... ... 11+
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
m/
220131 ubi 8+_EIDtest_5ms_le6 2 #128 RT: 0.01-0.39 AV: 28 NL: 4.47E6 z
T: FTMS + p NSI Full ms2 1071.6500@hcd3.00 [150.0000-2500.0000]
[M+8H]*
25
20 MS2 EID
15 10 ms
1062.58
10 [M+8H]%*  z=s
952.52
5 7=9 1135.39 1224.52
d z=8 z=7
0=t N B B Ry S B B B S B B By S B B Sy S B B B B B R B B B B S B R B B S S R B R i 4 T — — T e T Tt T T T
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
220131_ubi 8+ EIDtest 25ms_le6 2 #2-36 RT: 0.02-0.50 AV: 35 NL: 1.67E6 m/z
T: FTMS + p NSI Full ms2 1071.6500@hcd3.00 [150.0000-2500.0000]
[M+8H]*
254
3 M+8H]°+
[M-+8H] MS2 EID
] 952.52
3 z=9
157 25 ms
] 1062.33
7 947.63 =8
3 [M+8H]"0** z=8
53 306.68 390.22 46728 53381 625.36 669.05 764.45 826.22 857.27 942.63 1103.60 122452 176474 1347.23
. z=2 z=1 = z=2 z=3  z=3 =1 z=4 =10 =9 z=4 z=7 z=2 z=2
0 L , ’ 1. : 5 . b b 2 alb Aa bodnp il .0, o | s 2
| I I I B N E N I R B Y R R R R B B B R B R R BN N R SN R R RN R R R EE R R N B 1 T 1 T T 1 1 —T1 T~ o+~ T~ 0T—TrTrTrTrT
200 300 400 500 600 700 800 200 1000 1100 1200 1300 1400 1500 1600 17b6 1800

m/z



Electron lonization Dissociation (EID) — ubiquitin [M+8H]8* Appendix 3

220131_ ubi 8+_EID test_50ms_1e6 _2 #1-33 RT: 0.01-0.46 AV: 33 NL: 4.32E5

TGCECH

science and tachnalogy

8+ .
T: FTMS + p NSI Full ms2 1071.6500@hcd3.00 [150.0000-2500.0000] [M+8H] num ber Of I0ONsS — le6
1071.58
z=8
100
80 MS2 EID
60
. [M+8H]e+ 50 ms
40 952.52
] [M+8H] 10+ ° 1021.23 |1103.60
1 z=3 z=4
207 260.11 306-68 34317 41276 46728 s5p341 625.36 717.43 764.45 857.27 94251 || 994.05 1136.65 117564 1249.68  1347.23 1453.78 1518.33 1579.92
] 7=2 = z=1 z=2 ZIZ z=2 z=3 z=2 z=1 z=10 z=9 2=l z=2 z=2 z=2 7=2 7=7 z=1
0 T | 1T T T T T 71 T '|‘| 4 T | s |'|”'| T A— |‘ T |'k|”“| T '1' |'|“'|"|' — | I L — T | — | L L L L L L L L L L L L L L L L |
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
220131_ ubi 8+_EID test_ 75ms_1e6 _2 #2-30 RT: 0.02-0.42 AV: 29 NL: 1.15E5 miz [M+8H]8*
T: FTMS + p NSI Full ms2 1071.6500@hcd3.00 [150.0000-2500.0000]
1071.58
z=8
100
o’ MS2 EID
: O+e
0 [M+8H] 75 ms
] 952.52 102123 |, oo oo
40 306.68 z=9 z=3 7=
] z=2 412.76 467.28 994.05
] 343.17 T C _ 764.45 : 1136.65
20 260,11 ooy 72 7=2 52381 6251-36 717.43 O 83?:12 911.48 7=4 z=1 1175.64 1249.18 1347.23 1453.78
R N = 7=2 2=3 7=2 2=3 z=4 72 7=2 7=2 1517.83 1579.92
] 7= N ——— = = z= _ _
. z=7? z=7?
o b8 IR D It A bl oo f‘"lL 2 I 2 |‘ — T I;_JI =TT T—T—T—T—
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
220131_ ubi 8+_EID test_ 100ms_1e6 _2 #1-30 RT: 0.01-0.42 AV: 30 NL: 3.22E4 miz
T: FTMS + p NSI Full ms2 1071.6500@hcd3.00 [150.0000-2500.0000]
306.68
100 2 8+
: 412.76 [M+8H]
] 7=2 1071.58
60 a00.12 o i MS2 EID
] =7 467. .
i 34317 > [M+8H]%* 100 ms
B z=1 764.45 960.06 1136.65
] 630.32 - =2 =
20 523.81 7=2 717 43 z=1 833.12 z= 994.05 z=1
] 260.11 z=2 222 z=3 911.48 _z=4 1103.60 | 117564 1249.18 1347.22
20 z=1 594.87 1 z=4 7= 7= z=2 z=2 1453.78
- 233.16 =2 z=2 1517.82 157992 1419 g5
] 7=? ‘ J z=? Z_Iul 2=7
O_ i L R D R S P il 17, S A Y J JIIJ T T 1 T I‘ |“I‘I‘ T 1 I_ll T ‘I ! T i’l T T T T T T T T
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1706 1800

m/z



Electron lonization Dissociation (EID) — ubiquitin [M+8H]®*  Appendix/8. ==crect

= Precursor, ionized and selected fragment ions signal intensity (NL) as a function of electron irradiation time on MS2 EID experiments.

1075 , - : : : : : : :
] | : : —a— [M+8H]8+
—o— [M+8H]9++
6 | —a— [M+8H]10+++ |
1075 —v—al6_4+ 3
] ——a8_2+
5 . .
3 1% Pass Criterion: >97% bonds cleaved
10*+
10° : . : . : . , : ,
0 25 50 75 100
EID time (ms)

= Annotated MS2 EID mass spectrum of ubiquitin [M+8H]8* ions and corresponding sequence map.

Electron Induced Dissociation

[M+8H]8*

| ShEMEEREEFEEERECFEEEELER
i \ KAK I QDKEG [ FPDQQRL FAGKAL

9+' = o e e | = =
[M+8H] EGRTOSOVN QAR Es T
\ EeEEEEEEEEEEEEEEEEEEEEEEE
G

1000 1400 1800
mass-to-charge

Pass X ] Fail [] 46



Appendix 3

Electron Capture Dissociation
(ECD)



MS2 ECD : omnitrap sequence / electron source settings FosmeTecH

c and technalany

Bundles H el = Sequence file path/name: Appendix 3
..\OmniTrap\Sequence Files\Templates\MS2 ExD.bdl or .ins

Initialization

Qs

Number of Loops 5000 — -
‘—n——,‘_, 1
RF F (kHz) | 1000 = Electron Source settings:
Mmr::uancv 2 o0 8 5 2 Hex a S1 S2 E3 E2 E1

V
Current 5.7A ‘.P 10D D —
o mm Potential (Vsiament) -20V |<j:|

Injection Q2 El ov l . . .
B E2 Transmit 20V .
rans Iime (ms,
Trapping Time (ms) 5 ;L_E—-——f—/ E2 DeﬂeCt '150V
. electron — YQ5 — Vfilament
S2 Transmit 20V ¢ !
S2 Deflect -150V ~ OeV
Transfer Q2 to Q5
I'Z.,Z:L’TT;T;?, : =  Sample: ubiquitin (H20:MeOH:AcOH, 49:50:1) , C=1uM
ExD T DC State Desc Littoreact % — — —p Hiftto 12act G5
Irradiation Tima (ms) 50 1
________ | Delay T [ms] 5
\ g — T T T TS T 1
\ 1 El Source State ON | ®
\ | —
oL s \ : Dela T mel — I 1 Hex 12 o @ @ o4 :'QS T a7 @8 q 13 Hex
Transter Thma (ms) 2 —_—  e-.» \ I y [ 35 6 12 8 6 -13 15 |-1s: -5 -13 6 8 35 0
\ P
Q8 Q5 Q2 Hex \ : El Source State  OFF :
|\ mm e e e e e e e e e e e = = = Confine Q5
\\ Delay T [ms] 1
Ejection Q2 \\ DC State Desc Confine Q5 Y — — —» L
Ejection Lens (V) 7 ~ \ Del
n _h%_\--- \ ay T [ms] 5
feserine v Q8 Q5 Q2 Hex \ 11 Hext 12 Q1 @ 03 04 Q5 Q6 OF 08 g9 L3 Hex
35 6 12 a 7] 4 2 [}] 3 4 ] 8 35 1]

48



Electron Capture Dissociation (ECD) — ubiquitin [M+8H]®*  Appendix/3:-r==moTecn

icnce and tochnalogy

220131 ubi 8+_ ECDtest_150ms_1e6 _1 #34-40 RT: 0.47-0.56 AV: 7 NL: 6.58E6

8+ .
T: FTMS + p NSI Full ms2 1071.6500@hcd3.00 [150.0000-2500.0000] [M+8H] number of ions ~ 1e6
1071.58
z=8
100+
80 QMF
o0 isolation
40
20
O_||||||||||||||||||||||||||||||||||||||||||||||'||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
m/z

220131_ubi 8+_ECD test_ 25ms_1e6 _1 #4-41 RT: 0.05-0.57 AV: 38 NL: 4.85E6
T: FTMS + p NSI Full ms2 1071.6500@hcd3.00 [150.0000-2500.0000]

[M+8H]8*
12
10 MS2 ECD
8
[M+8H]™* 25 ms
6
1224.52
4 z=7
1032.06
_ 1135.39
24 161.74 267.91 390.22 47457 537.28 612.04 653.90 752.42 865.49 95252 278 -8 1303.87  1404.77 1517.82 1606.86 1673.93 1738.46 1833.97 1917.66 2008.91 2080.33 2183.80 2255.56
_z=? z=32 z=? z=? z=? z=? _z=? z=1 z=? z=9 \ ‘ﬂ z=6 z=3 z=2 z=2 z=2 _z=2 z=? z=? z=? z=? z=? z=?
||||||||||||||||||||||||||||||||||||||||||||||||||||||||'||||||||||||||||||||||||||||||||||||||||||||||||||
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
220131_ ubi 8+_ECD test_ 50ms_1e6 _1 #4-38 RT: 0.05-0.53 AV: 35 NL: 3.65E6 m/z
T: FTMS + p NSI Full ms2 1071.6500@hcd3.00 [150.0000-2500.0000]
[M+8H]8*
12
. 1058.57
10 .
: M 8HT MS2 ECD
8- 1224.52
3 1019.15 2=7 50 ms
6: z=5
3 1175.64
4 z=5 [M+8H]6*
] 960.06 1135.39 1303.87 1421.27
2417750 267.88 390.22 467.28 537.28 636.35 764.45 868.57 . -5 : : 1553.35 1606.86  1737.96 1795.97 1921.12 1980.71 2088.29 2214.83
1 =2 =22 z=? =7 z=? z=1 z=1 z=1 z=2 “ 2=6 =6 =2 772 =2 z=2 z=?  7=? z=? 7=?
O T T | T T T 1 | T T T 1 | T T 1 T | T T T T | T T T T | T I_.I‘ T | 1 T T T | T T Ik T | T T 'I‘ T II ‘|' I.I‘I I‘ |k f. I. T T | T T T T | T T T T | T T T T | T T T T | T 1 T T | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100  4%200 2300

m/z



Electron Capture Dissociation (ECD) — ubiquitin [M+8H]8*  Appendixi8. r--merecn

science and tachnalogy

220131_ ubi 8+_ECD test_ 100ms_1e6 _2 #2-35 RT: 0.02-0.49 AV: 34 NL: 1.86E6

T: FTMS + p NSI Full ms2 1071.6500@hcd3.00 [150.0000-2500.0000] number Of iOﬂS _ 166
[M+8H]8+
50
404
] MS2 ECD
] 7+e
303 [M+8H] 1 m
3 1224.67 OO S
203 2=7 .
] 1041.59 [M+8H]6*
] z=2
103
1158.14 267.88 343.17 390.22 494.28 537.28  636.35 76445  gegs7  960.06 1136.65 1330.31 142—1627 1517.82 1606.86 1662.64 1737.96 1816.22 1921.11 2063.63  2163.66 2292.23
J z=? z=? z=1  z=1 z=?  z=1 z=1 z=1 z=1 z=2 z=1 z=5 Z;‘ z=4 z=2 z=4 _z=2 _z=? z=1 z=? z="? z="?
0||||||||||||||||||||||||||||||'|‘||||||||||||||‘| ‘l‘“l"llrl‘l'l|'|k'||‘|||'||'||||||||||||||||||||||||||||||||||||||
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
220131_ubi 8+ ECDtest_ 150ms_1e6 1 #4-31 RT: 0.05-0.43 AV: 28 NL: 8.76E5 m/z
T: FTMS + p NSI Full ms2 1071.6500@hcd3.00 [150.0000-2500.0000]
[M+8H]8*
50
5 [M-+8H]7*
403
: pone MS2 ECD
] z=7
303
] et s . 150 ms
. . +oo
203 = 11755-54 1264.74 [M+8H]
- = —
] 960.06 136,65 z=1 1421.27
10 764.45 _ : 1330.31 -
183,51 267.88 343.17 390-122 494.28 537.28  636.35 v 868.57 z=2 7=1 / S5 2=6 1521_72182 165_2489 1737.96 1795.98  1921.11 2023.09 2074.13 2216.84 2292.22
19 z=2 7=32 z=1 z= 7=7 z=1 z=1 z=1 - - z=2 _z=2 z=1 7=? 7=? 7=3 7=
0 |||||T||||||"|||||§||'|||||'|'|||'||J|"'|'||||'||||'|"||||l‘ * T .l"|'|‘|I|‘|l|"||‘|'|"|"| |"|'|||'||||||||||ﬁ|||||||||||||’|
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300

m/z
220131_ ubi 8+_ECDtest_ 200ms_1e6 _2 #2-30 RT: 0.02-0.42 AV: 29 NL: 5.47E5
T: FTMS + p NSI Full ms2 1071.6500@hcd3.00 [150.0000-2500.0000]

[M+8H]8+ [M+8H]7+.

50
] 1224.66
] z=7
e MS2 ECD
30 1041.59 Gee 200 ms
; z=2 117564 | oo [M+8H]
20 960.06 z=5 =3 1421.27
107 390.22 53708  636.35 72043 oM T llz3=61'65 w03t % e 166289 | oo
J158.80 267.88 34317 T 1" 40428 5377 ] I 868.57 z=5 7=4 z=4 5 1795.98  1921.11 2024.09 2074.12 2216.84 2292.21
] z=2 282 z=1 =2 = == z=1 =2 z=2 =1 =9 z=4 2=3 2=
0——r T T T T |" | L |§| T ‘I‘ L J| S T + T ‘IJ‘ f T g T s 4 — T =
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 5200 2300

m/z



Electron Capture Dissociation (ECD) — ubiquitin [M+8H]* Appendix_m_ﬁ:‘l&»m?Tecu

science and tachnalogy

= Precursor, charged reduced and fragment ions signal intensity (NL) as a function of electron irradiation time on MS2 ECD experiments.

7
107 5 . , . , . | . ,

] —=—[m+8H)8+

6 | —o— [M+8H]7+
10" —a—[M+8HI6++
1 —v— [M+8H]5+eee |

e,

sl

Pass Criterion: >97% bonds cleaved

10° . i

ECD time (ms)

0 50 100 150 200

= Annotated MS2 ECD mass spectrum of ubiquitin [M+8H]8* ions and corresponding sequence map.

Pass D4

Electron Capture Dissociation

2353533 +8H]8*
FAFEFSEF AN [M+8H]
EEeEEEEEEEEE /

SRR TEAGK AL

LRLURG [M+8H]7*

\\[M+8HP“°

il

1000 1500 000
mass-to-charge

[] Fail []
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number of
accumulation loops
(multiple injections to
omnitrap)

Initialization

Injection to Q2

MS2 CID Q2

MS3 Resolving DC |
Isolation Q2

Accumulation mode in MS3 working flow: Omnitrap Sequence

g ¥ B ¥ B ¥ ¥ B R B B

?
i
s
i

— 10
Ch2 |
250 |
_1100_|
50 |
3 |
5
|2 |
10|
10 |
1|
1]
T
1|
1100 |
1|
0 |
6
10
1100 |
1|

£ 8 8 2 8 & & 4 &5 & & &5 & 2 B B 88 4 8 8 ¥ 8y @

UHEHIHEHHHEHELE
JRERURHNRNLRE
JRERHRHRRN

T f§88g@zgezzziiiisi

i
H
H

nnnnnnnnnnnnnnnnnnnn

Appendix 3

Transfer from Q2 to Q8

- Store to Q8 for
ion accumulation

- Transfer from Q8 to Q2

- Ejection from Q2
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Accumulation mode in MS3 working flow: Omnitrap DC states

Omnitrap DC states

Normal Q2

. 2 trapping regions (Q2 & Q8) -

Bt

L1 Hexi L2 a1 Qz Q3 Q4 Qs Q6 ar as q9 L3  Hex2
a5 5 4 2 0 2 4 8 3 2 0 2 i5 0

Infect Q2 INTERNAL LOOP START
injection

. . @ - =

L1 Hex1 L2 o} Qz Q3 04 Qs Q6 Q7 Qs q9 L3 Hex2

7 5 4 2 4] 2 4 8 3 2 0 2 35 0
Confine Q2

CID

L1 Hex1 L2 a1 Q2 Q3 Q4 Qs Q6 ar Q8 q9 L3 Hex2

35 5 10 2 4] 2 4 8 3 2 0 2 35 0
Resalving DC Q2

isolation

L1 Hex1 L2 Q1 Q2Res Q3 Q4 Qs Q6 Q7 Q8 q9 L3 Hex2
35 3 10 2 54 2 4 ! 3 2 0 2 35 0

Confine Q2

L1 Hex1 L2 Q1 Q2 Q3 Q4 Qs Q6 Q7 Qs q9 L3 Hex
35 5 10 2 35 0

o
~n
£
L]
w
~n
(=]
~n

L1 Hex1 L2 Qi Q2 Qs Q4 Qs Q6 Q7 Qs q9 L3 Hex2
35 6 15 12 10 12 14 S 3 2 0 2 25 0

Transfer Q2 to Q8

transfer to store

i '_—_\>

o e e

(K] Hex1 L2 Q1 Q2

Q3 Q4 Qs Q6 Q7 Qs q9 L3 Hex
35 6 15 12 10 7 6 5 3

2 0 2 25 0

Lift Q8 INTERNAL LOOP END
. accumulated ion population
- — @

L1 Hex1 L2 Q1 Q2 Q3 Q4 Qs Q6 Q7 Qs q9 L3 Hex2
35 6 20 2 0 2 3 4 13 1 9 1 25 0

< =

_Aw&_r—asmcaTECH

Appendix 3
<

Transfer Q8 to Q2

L1 Hex1 L2 Qi1 Q2

&

Q4 Q5 Q6 Q7 Q8 q9 Hex2
ol (2R INsT (=20 (o 3 (Wos (o

L1 Hexl L2 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q3 q9 L3 Hex2
35 6 15 12 10 12 14 5 3 2 0 2 25 0

Eject from Q2

ejection to HCD cell

— e

L1 Hext L2 Q1 Q2 Q3 Q4 Q5 Q6 Q7 a8 q9 L3 Hex2
4 S 7 10 12 13 14 15 16 17 18 19 20 0

Normal Q2

L1 Hexl L2 Q1 Q2 Q3 Q4 Qs Q6 Q7 Qs q9 L3 Hex
35 5 4 2 0 2 4 8 3 2 0 2 35 0



Accumulation mode — Full Mass Range

Accumulation

Accumulation

TGCECH

science and tachnalogy

Appendix 3

!-----l-----. e b e e e -
x 2 loop x 5 loops x 10 loops x 15 loops x 20 loops x 25 loops
o 513 NL:
100 339 359 379 399 438 403 488 2.21E9
239 254 269 284 314 :
90 204 299 Tic Ms
184 194 20220804_
80 174 214 224 Flexmix_ Full
70 154 Mass Range
164 Accumulation
60 131 :
e | 141 -
116
gs 96 6
I | | | ||231 || 252 || 265 ||273 || 295]| 304 || 323 349 |[|365 [|382 414 420 448 474 486 503
T T T T T T T T T T T T T 1 T T T T T T T T T T T T T 1 T T T T T T T T T T 1 T T T T T T T T T T T T 1
0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4
Time (min)
20220804 _ Flexmix_ Full Mass Range Accumulation_1 #3-34 RT: 0.02-0.23 AV: 32 NL: 1.74E7
T: FTMS + p ESI Full ms[150.0000-2000.0000]
262.64
100 222 32205
1 z=1
7 238.63 393.22
80_ z=2 z=1
1 195.09
604 z=1 1421.98
: 524.26 1321.98 2=1 1521.97
] o 1221.99 z=1 z=1
20 = 1 1621.96
] 622.103 922.ch1 1122.00 z=1 1721.96
403.21 z= z= - -
20-] z=1 525.27 1022.00 i 1322.99 i 1821.95
] 323.05 | = =1 623.03 923.01 % z=1 1523.98 | 1623.97 z=1 1921.94
. LI Lul [ lz_l lu 1 l =l =1 z=1 z=1 k z=1
0 ||‘| 1 |'||'|‘||" |||'||||||||||||||||||||||||‘||||||'|||||| 1 1 ||||||||||||||||||||||||||||||||||
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m/z
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Accumulation
OFF

90
80
70

x 15 loops

60

x 10 loops
x 5 loops

3 x 2 loop
20 139 159 199

i

PE RS \J Il

50

40
216 231

i1

276

o

o

Accumulation mode — Single Mass (m/z=524)

Accumulation

ON

x 20 loops x 25 loops

579

440 465 490 515 540

291
430 447 483 510 517 ,\—
T T

609

594

x 30 loops

639 g9

649

x 40 loops

717 757 797

819

858 878

TCC H

alany

Appendlx 3
x 50 loops

10|50 NL:

1.61E8

TIC MS

20220804_

Flexmix_

Single Mass

Accumulation
2

918 955 987 || 1003

0.0

2.0 25 3 5

Time (min)

5.5

20220804 _ Flexmix_ Single Mass Accumulation_2 #6-19 RT: 0.04-0.13 AV: 14 NL: 1.80E6

T: FTMS + p ESI SIM ms [200.0000-2000.0000]

100

80

60—

40—

20

524.26
z=1

525.27
z=1

0|||||
200

250 300

350

400 450

500

550

600 650

700
m/z

750

800

850

900

950

1000

1200

1050

1100 1150
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lon Accumulation Efficiency M rosmeracss

technalagy

Appendix 3

—=— single mass (m/z = 524) —=— single mass (m/z = 524)

—e— full mass range (Flexmix) 5 10° —e— full mass range (Flexmix)
T ' X T T T ' | ' I ' T ' |

10" 5

number of charges
number of charges

104 ; % l 4 I . I ' I ' I ; % l 4 I . I ' I " T
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Pass Criterion: Gain >10-fold.
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Appendix 3

Ion Mobility Spectrometry experiments
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Appendix 3

Conclusion

« Omnitrap/IMS/Exploris 480 system has successfully passed all
acceptance criteria and was commissioned at Karolinska
Institute project partner



