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Affinity-Selection Mass Spectrometry (AS-MS)

Charge Detection Mass Spectrometry (CDMS)

Quantitative Bottom-Up Proteomics for PTMs
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Customer-and application-centered, computationally-efficient, ergonomic, and flexible workflows for your routine and
most challenging mass spectrometry data processing and analysis needs — capable to handle any size datasets from
any type of a mass spectrometer. Our computational algorithms and flexible graphical user interface (GUI) templates
can be custom-configured to match your ideas and vision!

Application-Specific Workflows

Metabolomics, lipidomics, Quantitative bottom-up proteomics,
protein-ligand interactions glycoproteomics, PTMs analysis

Charge detection mass spectrometry MS Imaging:
(CDMS) MALDI & DESI
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Proteins & proteoforms: Proteoforms sequencing:
intact mass & quantitation protein-ligand interactions top-down & middle-down analysis

Workflow: Petroleomics

T

Complex mixture analysis Accurate simulations of FTMS transients,
(direct infusion & LC-MS) isotopic envelopes, & mass spectra



Metabolomics & Affinity-Selection Mass Spectrometry

Our targeted deconvolution (spectral matching) approach, based on the accurate simulation of the isotopic envelope
profiles, enhances the feature extraction performance and visual control of small molecule analysis workflows, including:
* Metabolomics and lipidomics: Feature extraction and quantitation workflows.
* Affinity-selection mass spectrometry (AS-MS): Screening and binding workflows for ligand analysis.
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High-throughput protein-ligand analysis and targeted deconvolution enables identification of binders to
intractable membrane proteins, Nagornov et al., MOH am 9:10, ASMS, Anaheim, CA, June 2024



Quantitative Bottom-Up Proteomics for PTMs Analysis

Supports comparative analysis and reporting of extracted and annotated features via a dynamic global result matrix

with a quick access to the experimental data: multiparameter filtering (CV, intensity, repetition rate, etc.), selectable

experiments, compounds, groups and parameter table, original and deconvolved mass spectra in MS and MS/MS

modes, bubble plot, hits map, bar-chart (grouped and stacked), statistical analysis output.
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Key Features

* Rapid switching between projects from diverse omics applications, & automated batch file processing

* Multi-vendor support, featuring a direct data import of major vendor and open-source file types

e Automatic recognition of meta-information (e.g., instrument model and experimental settings), and

e Support of multiple acquisition modes (MS, MS/MS, SIM, etc.)

* Processes reduced and unreduced data of any size, including full profile mass spectra and transients

* Empowered by FTMS Simulator enabling accurate simulation of isotopic envelopes & full mass spectra

e Targeted MS and MS/MS experimental data search and annotation with simulated isotopic envelopes

* Targeted & untargeted low-resolution & high-resolution deconvolution, own & third-party approaches

* Multiple parameters for feature extraction and filtering: number of data points in the elution peak,

* Experimental vs. simulated profile similarity, repetition rate, number of adducts, etc.

* User-defined isotopic grouping: averaged isotopologues or isotopic fine structure (IFS) level

* Elemental formula assignment by accurate mass, with a similarity score ranking vs the simulated data

 Data validation through mass accuracy evaluation and mass spectra re-calibration via linear (on-the-fly, lock mass)
and non-linear approaches; mass spectral peak alignment

e Quantification of compounds and classes of compounds (via area under the curve in LC/GC-MS): absolute
quantification, semi-quantification, and standard addition (external calibration)

* Advanced & routine data processing and data analysis capabilities, user-defined results reporting formats

* User-defined selection of parameters output for further data analysis with third party tools




Charge Detection Mass Spectrometry (CDMS)

* Supports time-domain transient processing for CDMS workflows;

* Forms an integrated solution with proprietary data acquisition systems to enable implementation of the CDMS
approach on practically any FTMS & CDMS instrument.
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* A complete support of the Peak-by-Peak Multiomics infrastructure for project management

* A dedicated workflow with a graphic user interface for CDMS applications with a frequency-intensity variance
segmented (FIVS) algorithm

Integrated hardware-software solution

* Complements FTMS Booster X2T to enable CDMS workflows on high-mass range Orbitrap™ platforms, including
a Q Exactive UHMR™ and a Q Exactive HF BioPharma™, and on CDMS instruments with a single detector;

e Complements FTMS Booster X3T to enable CDMS workflows on FT-ICR MS and CDMS instruments with two (and
more) detectors

Ultralong transients enhance sensitivity and resolution in Orbitrap-based single-ion mass spectrometry,
Evolene Desligniere et al., Nature Methods, 2024, 21, 619-622

Orbitrap-based CDMS using an external data acquisition and processing system. Tsybin et al., TP286, ASMS,
Anaheim, CA, June 2024




BioPharma Applications

In-depth processing and quantitative analysis of mass spectrometry protein analysis data.
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MS-based multiomics data analysis. [Details...]  Workflow: 1. Projects.
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Key Features

» Advanced and proprietary mass spectrometry solutions for mAb analysis, including complex ADCs/AQOCs

* Automatic recognition of meta-information (e.g., instrument model and experimental settings)

* Input of target and semi-target databases of individual proteoforms of interest; charge state grouping;

* Deconvolution of low-resolution and high-resolution mass spectra with targeted (see Figure below) and
untargeted approaches. Perhaps a unique commercial implementation of UniDec for deconvolution

Total ion current (TIC)
2 experiments (replicates)

| T

11 12 13

I

14

SIC, light chain (LC, 1xS-S),
z =10+ - 30+

15

J

LC (1xS-S),
z =19+

LI
1233.5

11 12 13

Retention time, min

14

15

T
1000

T
1500
m/z

T
2000

 Data validation through mass accuracy evaluation and mass spectra re-calibration via linear (on-the-fly, lock mass)
and non-linear approaches; mass spectral peak alignment

* Experimental data matching with the simulated isotopic envelopes. User-defined analyte parameters for
simulations: amino acid sequence, charge carrier, adduct, modifications, isotopic enrichment/depletion, number
of charge states and isotopologues

* Support for batch file processing of large data sets: practically any number of LC-MS data sets

* Advanced time-domain transient processing: matching the mass spectral resolution to the sample characterization
needs —from high-resolution to ultra-low resolution for enabling proteoform peak integration approach

Drug-to-Antibody Ratio Estimation via Proteoform Peak Integration in the Analysis of Antibody-
Oligonucleotide Conjugates with Orbitrap Fourier Transform Mass Spectrometry. Konstantin O. Nagornov,
Natalia Gasilova, Anton N. Kozhinov, Pasi Virta, Patrik Holm, Laure Menin, Victor |. Nesatyy, and Yury O. Tsybin. Anal.
Chem. 2021, 93, 38, 12930-12937



Protein Analysis via Top-Down and Middle-Down Approaches

Advanced processing and analysis of intact, middle-down, and top-down data.

Deconvolution
Lght chain #2: Light chain 1
settings:
DIQMTQSPSSLSASVGD = DIQMTQSPSSLSASVGD
RVTITCRASQDVNTAVA RVTITCRASQDVNTAVA
WYQQKPGKAPKLLIYSA WYQQKPGKAPKLLIYSA |2 z
SFLYSGVPSRFSGSRSG SFLYSGVPSRFSGSRSG ||
TDFTLTISSLQPEDFAT TDFTLTISSLQPEDFAT = =
YYCQQHYTTPPTFEGQGT YYCQQHYTTPPTFEGQGT 1sim 55
KVEIKRTVAAPSVFEIFP KVEIKRTVAAPSVEIFP s
PSDEQLKSGTASVYVCLL PSDEQLKSGTASVVCLL 2
NNFYPREAKVQWKVDNA NNFYPREAKVQWKVDNA ~
LQSGNSQESVTEQDSKD LQSGNSQESVTEQDSKD >
STYSLSSTLTLSKADYE STYSLSSTLTLSKADYE 0
Dal * formas
I ‘Compound nfo:
one: Intact Add Deconvolve
erayme tpe: "
r maps o
Heavy chain #2: Heavy chain #1.
EVQLVESGGGLVQPGGS = EVQLVESGGGLVQPGGS -
LRLSCAASGENIKDTYTI LRLSCAASGENIKDTYTI: |bDa Meak,Da Hhest
HWVRQAPGKGLEWVARTI HWVRQAPGKGLEWVART |7 773570372 646067
YPTNGYTRYADSVKGRF YPTNGYTRYADSVKGRE [ o0 0o
TISADTSKNTAYLQMNS TISADTSKNTAYLQMNS
LRAEDTAVYYCSRWGGD LRAEDTAVYYCSRWGGD |09 79530956 266111
GFYAMDYWGQGTLVTVS GEYAMDYWGQGTLVTVS  [§09 79530956 398662
SASTKGPSVFPLAPSSK SASTKGPSVEPLAPSSK |57 760860875 693061
STSGGTAALGCLVKDYF STSGGTAALGCLVKDYF
PEPVTVSWNSGALTSGYV PEPVTVSWNSGALTSGvVy ([0 70827753 2371
HTFPAVLQSSGLYSLSS HTFPAVLQSSGLYSLSS 78 70827753 355.146
VVTVPSSSLGTQTYICN VVTVPSSSLGTQTYICN |h77 70827753 709285
VNHKPSNTKVDKKVEPK VNHKPSNTKVDKKVEPK o0 cgocu 635304
SCDKTHTCPPCPAPELL SCDKTHTCPPCPAPELL
GGPSVFLFPPKPKDTLM GePSVFELFPPKPKDT LM, |0 016889303 686774
ISRTPEVTCVVVDVSHE ISRTPEVTCVVVDVSHE [86 608186100 609494
DPEVKFNWYVDGVEVHN DPEVKFNWYVDGVEVHN |78 595380242 745606
AKTKPREEQYNSTYRVY AKTKPREEQYNSTYRVV |0 gooirin sa37a
Fragnent on: 25810+ 26 573773 573772780 638867
ey i ORISR 27 563866 563865939 565.174
Heolootid o b il 28 553761 553761171 693585
126504 29 553761 SS37.61171 555069
X 30 561209 56120912 188077
3 10000
i 31 561209 56120912 281612
=
§ ooy 32 561200 56120912 562216
2 o] 33 540858 540856911 602295
34 540857 540856911 542165
00 35 52805 528051054 66132
20003 36 528052 528051054 52926
T T T T T 37 516547 516548359 575.283
=2 e S e o 38 516548 516548359 646943

c1Rea7

182350 720 262

miz Ins

V/ Sequence
Sequence map  Theoretical features ° i
B ¢
10 — M ‘
E T b
SRS I rntsee[1 -

p117QIMITIC
RIVITII]T]C

5
|

Spectral slices, ppm

0. 0.

WM 09009

¥1Q1elK1rPle ' 4'20 6lu anlo 10‘00 12L0
KIL71ATs1G6TYv

Theoretical m/z

I
1400

ETFIT LT 11871Ss L Q P D DIF A T Y]
¥Y1c1F1Q1671s1671v1PTIFITIFI6]16T167TIKY
VIETIIK R T VII]A P1sS V F/I F P P
S DEQLKS G|T]A sLV v cLLLLTNT]
N FLYLP|R ELALKLVLQLWLKLVLD N A L
QLSLG NLSLQLELSLVLTLELQLPLSLKLDLS
LTLYLSLLLSLSLTLLLTLLLS LKLALPLYLELK

Modifications:

Sequence coverage: 79.8 %
Name:  SA(1)/Man3

N matching fragments: ¢ 119, z- 134 b- 115, y- 120 e % > G5, YIS
e s Reset Aoply Cancel
= Sandard  Glycans

Mass tolerance, + ppm: 50 :

HexNAC(2)Hex(3), (Man3), 892.31722 1 [5I5
Typels) o fragmention : V' ¢ V 2 V b Yy PECEE= <

Update Search
theoretial features fragment ions V' Search fragment ions hot ink

* Advanced and proprietary mass spectrometry solutions for mAb analysis, including complex ADCs/AOCs

* Superior quality data owing to proprietary methods and techniques for Orbitrap FTMS

* Integration of intact mass, middle-up, middle-down, top-down, and bottom-up mass spectrometry data

* Data averaging of LC-MS/MS and MS/MS data from multiple experiments (technical replicates)

* Recalibration of intact (MS data) and middle/top-down (MS/MS data) mass spectra

* Embedded database of common monoclonal antibodies with sequences and modifications

* Accurate simulation of mass spectra based on proteoform sequence and modifications

* Comparison of experimental and simulated isotopic envelopes and mass spectra

¢ High-resolution and low-resolution deconvolution, charge state grouping, quantitation

* Intact mass and product ion assignment to the deconvolved data

* Interactive graphical representation of sequence maps (add proteoforms, remove assignments, etc.)

 Graphical output (images), mass spectral data and peak lists

Fd

Structural Analysis of Monoclonal Antibodies with Top-down and Middle-down Electron Transfer
Dissociation Mass Spectrometry: The First Decade. Luca Fornelli, Daniel Ayoub, Kristina Srzenti¢, Konstantin
Nagornov, Anton Kozhinov, Natalia Gasilova, Laure Menin, Alain Beck, and Yury Tsybin. CHIMIA, 2022, 76, 114-126



MOZAIC

Individual m/z Image

1: Process RAW file  2: Process TOF experiment (Waters, Bruker, Agilent, Sciex)  3: Process h file (transients/mass spectra) | 4: Process file using MSConvert (Proteowizard) | 5: Mass Recalibration (h5/RAW experiments, h/TXT mass spectra) | 6: Generate MS image | 7: FTMS Isotopic Simulator
Status: Idle

Process, analyze, and visualize MSI data - no matter the file size or the MS platform.
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The presented dataset (mouse brain tissue imaging , 50 x 50 pm pixel size) was acquired on a LTQ Orbitrap Elite™
FTMS instrument (Thermo Fisher Scientific) equipped with a MALDI injector from Spectroglyph.

Comprehensive processing of MSI datasets of any size from diverse MS instruments, including Orbitrap™ FTMS,
FT-ICRMS, TOF MS, and QQQ MS (vendor-specific file formats and imzML datasets)
* Support for MALDI, DESI, and MALDESI ion sources, including from MassTech, Spectroglyph, & TransMIT

* Automatic recognition of meta information (e.g., instrument model and experimental settings), support of
multiple acquisition modes (MS, MS/MS, SIM, etc.), and MS/MS scans grouping via precursor mass rounding

* Import functionality for all types of reduced and unreduced data, including reduced and full profile enhanced FT
(eFT) mass spectra, and time-domain transients from FTMS instruments

e Afull cycle of FTMS data processing: unreduced (time-domain transients and absorption mode (aFT) mass
spectra) and reduced (centroided, reduced, and full profile eFT and magnitude mode (mFT) mass spectra)

 Data validation via mass accuracy evaluation and mass spectra re-calibration using either linear (on-the-fly, single
and multiple lock mass (m/z) values) or non-linear approaches

* Mass spectra processing with user-defined parameters, e.g., noise thresholding and data averaging
* Averaging mass spectra from adjacent pixels to increase sensitivity and dynamic range

* Flexible image viewers for interactive viewing and investigation from single and multiple m/z values
* Image processing: normalization, noise reduction, hotspot removal, etc.

 Super-resolution signal processing (e.g., least squares fitting) of FTMS transients

Enhanced MSI via Unreduced Data Acquisition and Processing

Integrated hardware-software solution to access and process time-domain transients

Moazaic is a stand-alone software tool. In addition, it can form an
integrated solution with the Spectroswiss FTMS Booster - a high-
performance data acquisition system providing access to the time-
domain transients from Orbitrap and lon Cyclotron Resonance (ICR)
FTMS instruments, see https://spectroswiss.ch/hardware/




Multiple Experiments

1: Process RAW file 2: Process TOF experiment (Waters, Bruker, Agilent, Sciex)  3: Process h file (transients/mass spectra) | 4: Process file using MSConvert (Proteowizard) | 5: Mass Recalibration (h5/RAW experiments, h/TXT mass spectra) | 6: Generate MS image | 7: FTMS Isotopic Simulator

Status: Idle

List of experiments
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Shown are results of MALDI MSI analysis of different mouse brain tissue sections

performed with:

(top panel) an FT-ICR MS instrument (a 9.4 T SolariX™ XR from Bruker Daltonics); (middle panel) a TOF MS instrument
(Synapt™ from Waters); and (bottom panel) an Orbitrap FTMS instrument (LTQ Orbitrap Elite from Thermo Fisher

Scientific) equipped with a MALDI injector from Spectroglyph.

DEYEWGENWAE

Instant visualization of interactive images and mass spectra (click and see)

Multiple pixel interpolation approaches, image sharpening
Co-localization and overlay of (multi-mode) images

Manual and automatic definition of regions of interest (ROI), analysis and geometry handling
Comparative analysis of (averaged) mass spectra from multiple ROIs for the same or different data sets

Image transparency, add color function, customizable and adjustable color maps

Results are readily exportable in common (imzML) and advanced (H5) data formats

High quality images are exportable in different formats: PDF, png, jpeg, tiff, svg, etc.

Peak annotation and further data analysis: via imzML upload to third-party software tools. For example, Mozaic

performs centroiding and re-calibration of DESI (MR)TOF MS (Waters) data and generates imzML files compatible

with Metaspace.
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Complex Mixture Analysis, Petroleomics & Bio-Fuels

Advanced processing and analysis of (very) complex mixtures mass spectrometry data

Reference ions | ChromatogrammOriginal spectrum  Spectral slices plot  Recalibration function spectr slices

TIC chromatogram Profile/peaklist

Automatic SIM stitching:
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- scans averaging

- noise thresholding

« i
\

1N

ol WWHWWU il

5 4 3 2 1 0 y 1
530 3932 53534 53336 338
log10 Intensity Lol

Probability density
o
&
|
Normalized intansay,£.u.
1

" bttt b L —_—_—
T el

t L e e e e
350 400 450 500 550

Intensity, a.u.

Mean = -1.3073 ppm; SD = 0.7876 ppm Found experimental masses v Bl

va

e

sy
"

S

10910 Intensi

Spectral slices, ppm

Key Features

* Integration and processing of practically any size .RAW, .d folders, and .H5 files
* Open file formats for transients & mass spectra: H5, DAT, MGF, mzXML, and mzML

* Time-domain transient processing: advanced FT with pre- and post-processing, including apodization,
zero-filling, magnitude and absorption mode FT

* Visualization of time-domain transients and mass spectra

* Visual comparison of mass spectra from separate data sets

* Spectral and time-domain transient averaging for high sensitivity and dynamic range

* Processing of LC-MS data for petroleomics and biofuels applications

* Data averaging across MS and LC-MS multiple technical replicates

* Narrow m/z window (SIM) stitching of the unreduced data for enhanced performance
* Advanced peak picking and efficient baseline correction

* Noise thresholding, reduced-profile mode mass spectra representation

* Mass scale calibration equations, including iterative re-calibration for complex mixtures
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Iterative Method for Mass Spectra Recalibration via Empirical Estimation of the Mass Calibration Function
for Fourier Transform Mass Spectrometry-Based Petroleomics. Anton N. Kozhinov, Konstantin O. Zhurov, and
Yury O. Tsybin. Anal. Chem. 2013, 85, 13, 6437-6445



FTMS Simulator

A software tool to accurately simulate FTMS isotopic envelopes and mass spectra:
* to visually validate and verify the experimental results and hypotheses, perform data quality control
* to teach the FTMS subject by demonstrating realistic transients and corresponding mass spectra
* to search the experimental data with a like-for-like simulated data using similarity score ranking

* to design FTMS experiments by selecting optimum settings and FT data processing parameters
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Key Features

* Applicable to (almost) any size molecules — from metabolites to monoclonal antibodies and viruses
* Applicable to (almost) any complexity mass spectra - from isotopic envelopes to full scale top-down data

* Analyte parameters selection: elemental composition, amino acid sequence, charge carrier, modifications,
isotopic enrichment/depletion, number of charge states, and number of isotopologues

* FTMS experiment parameters: FTMS instrument selection (models of Orbitrap™ & ICR), resolution setting
(@ m/2), add noise, set signal intensity thresholds, set initial phase, sampling rate, and decay rate

* Data processing parameters: absorption or magnitude FT, unapodized or apodization function, number of
zero-fills, full or reduced profile mass spectra, centroids

* Visualize transients with and without apodization, visualize frequency spectra

* Use mass spectra: manually or automatically set peak intensities, visualize isotopic envelopes, plot multiple
isotopic envelopes for a broadband view, extract high quality figures or data points for analysis

* Results output: use simulated data to search experimental data, rank search results by the similarity score
(m/z, intensity), save project for future use, create report as a PDF file

FTMSsimUIator

Transient-Mediated Simulations of FTMS Isotopic Distributions and Mass Spectra to Guide Experiment
Design and Data Analysis. Konstantin O. Nagornov, Anton N. Kozhinov, Natalia Gasilova, Laure Menin, and Yury O.
Tsybin. JASMS, 2020, 31, 9, 1927-1942

Characterization of the Time-domain Isotopic Beat Patterns of Monoclonal Antibodies in Fourier Transform
Mass Spectrometry. Konstantin O. Nagornov, Anton N. Kozhinov, Natalia Gasilova, Laure Menin, and Yury O. Tsybin.
JASMS, 2022, 33, 7,1113-1125



Software Tools for Data Processing and Analysis

Spectroswiss software solutions provide a step-change in mass spectrometry data quality and processing sophistication.

Our computationally-efficient tools are capable of processing any size datasets, whether these are unreduced data

(time-domain transients and absorption mode FT, or aFT, mass spectra) or reduced data (e.g., full and reduced profile
enhanced FT, or eFT, and magnitude mode FT, or mFT, mass spectra). These tools empower the application-specific
workflows offering step-by-step data processing and analysis routines.

FTMS Didactics: Unreduced and Reduced Data

FTMS transient
time domain data
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Software Information and Distribution

To learn more about our software tools or to get your free evaluation license, you are most welcome to visit
https://spectroswiss.ch/software/ and to contact us at info@spectroswiss.ch
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