MsXelerator™: LC/MS & GC/MS Data Processing

© 2006, MsMetrix

* Drug Metabolite Profiling
* Metabonomics
» label-Free Proteomics

* Quantitative Proteomics

* Biomarker Discovery

Accelerating Data Analysis
in LC-MS
Profiling Studies

e Impurity Profiling

e Metabolite Profiling

e Degradation Profiling

e Differential Analysis

e Metabonomics (LCMS & GCMS)
e Proteomics

e Biomarker Discovery
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MsMetrix: Introduction
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MsXelerator Software

Develop Software Solutions for LC/MS and GC/MS Data Analysis
Our mission is to be the premier provider of fast, affordable, user-friendly and reliable software in the following application fields
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MsXelerator: Overview

MsXelerator™
Th e B rowser ? One Program: All Vendors — All Tools %

Import of all Vendor Formats

MsCompare

Multi Sample Data Processing:
Metabolomics / BioMarker

Explorative Analysis % % Discovery / Targeted Analysis

MPeaks ﬂ GCMS QC

Full Dataset Peak Picking Quality Control for GCMS and
Differential Analysis LCMS in Metabolomics:
Identification IPeaks Calibration, Instrument
..........

D
FCriviIingalilc

Isotope Pattern Filtering
Differential Analysis
Identification, Quant Proteomics

GC-Analyzer
GCMS Sample / Control

All Modules are Linked and highly Interactive Comparison, Deconvolution and
Identification
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MPeaks / IPeaks / MsCompare

— N

MS Compare

Contour View: Clozapine-21.mat Contour View: Clozapine-21.mat — —
T W8 1
N
N \ \ | |
£ | - | s
I = ] " a
- = ] ]
5 2 1
L
1 I 1 "
-1 I ™l m u=
- .I ] I
m L1
1 Time >
e Detect all (significant) Peaks at any resolution e Isotope Peak Finding & Quantitation ¢ Handling series of samples
e |dentification  predefined labeling patterns, any pattern ¢ BioMarkers, Metabolomics
» Differential Analysis: Sample/Control ¢ Reactive Metabolite Detection e Chromatographic Alignment

e Statistics, Multivariate Data Analysis
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The Browser: Data Exploration

O Import of All Vendor Data Formats: Thermo, Bruker, Waters, Sciex (SWATH), Agilent, NetCDF, mzXML
U Data Exploration and Data Mining (Noise Levels, Peak Widths, etc.)

O TIC/ BPC, MS & MSMS, Extracted lon Currents, 3D & Contour Plots, Interactive

U Basic Data Pre-Processing Tools (Smoothing, Baseline, MDF, Deconvolution etc.)
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Browser: Examples of Data Filters

Total lon Currents.

| Raw TIC & MDF Filtered TIC

Mass Defect Filtering
Remove ions outside Mass Defect
Window: 0.05 Dalton from Parent lon I

E.g. m/z XXX.2356 +/- 0.05 Da

=~ Raw TIC & Spike Filtered TIE o

180 — ‘ ‘
‘\H.'\ | l‘

A
Spike Filtering \NNWN
i

Remove ions < X scans wide B
. /”Jq‘“\h
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The Browser: Deconvoluting SWATH MSMS Data

The Browser has functionality to determine which MSMS ions are co-eluting (Deconvolution)
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U Peak Picking

U Conversion of Peaks to Components

U Mono-isotopic Peak Conversion, Charge States

U Accurate Mass Utilities, Detect Adducts, Fragments
U Differential Analysis at any Resolution

U Identification of Metabolites and Degradation Products

= MPeaks: Peak Picking Features
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3 573 1 44,79 7751.0 0.39 0.zl [ +38] Adduct K H->*EK
4 573 1 44,53 6528.0 0.33 0.11 [ +38] Adduct ¥ H->E
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a 579 1 45,29 14846.0 0.75 0.31

* Remove 3C Isotopes
* Conversion of Peaks to Components
* Find adducts, fragments etc.

* [dentify Peaks: Search in MS compound libraries
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5= MPeaks: Identification Tools

U Direct identification of modifications based on common Biotransformation lists. List of modifications can
be easily adapted by user.

U Molecular Formula Determination, including Isotopic Pattern Matching.

U Link Peak Picking Results with Common Search Libraries: Human Metabolite Database, NIST, User Libraries, etc.

Common BioTransformations

Molecular Formula Finder

1 SaaLamn,p 0,001 768 [ 40,000] TRz B Formula Identification =
1 1054525 -0,276 pps [ -14.016) dewachylation
i 575514.5 -0, 346 ppa [ axidatian
1 1168483.0 0,008 ppm |
L 21142, 4 0008 gm [+305 tat Molecular Formula ID Results (MH+: 327.13748 - MaxError: 10 ppm)
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MPeaks:

FT-MS Data Example

Differential Analysis — Sample/Control

B e
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Differential Peak Plots

205
206
207
24
243
268
265
267
267
297
298
293
300
300
30

10,008 1161465369 205 10,008 1161465369
10006 277647129 206 10006 277647129
10008 108313685 207 10008 108313685
10376 391333360 24 10376 391333360
10376 127755738 243 10376 127755738
14445  BOTOZ799 268 14445  BOTOZ799
14 664 102321396 265 14 664 102321396
14445 572858165 267 14445 572858165
14 664 97020320 267 14 664 97020320
15471 993419167 297 15471 993419167
15471 203938863 298 15471 203938863
15471 790735740 293 15471 790735740
12377 644146385 300 12377 644146385
15454 134304249 300 15454 134304249
12377 971241405 30 12377 971241405

Peak Picking Tables

Correlation Based
Local Alignment Correction

Shitt (eeans)

Shiftversus Retention Time, 165 salected peaks

Time (frin.)
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IPeaks: Isotope Pattern Matching

L Detect Peaks in Data File having a specific isotopic Pattern

U Predefined labeling patterns: 13C, 12C/14C, Cl, Br, 1*0/180, SILAC, *N/*>N, GSH, KCN
U Run at any Resolution — Combine with Differential Analysis and other Filters

U Create your own user pattern

U GSH Reactive Metabolites Search (labeling) combined with MSMS Neutral Loss Search

PEG
Contamination
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Detect GSH Adducts using Labeled and non-labeled GSH as Trapping Agent (HRMS)

A mrz: 3.004)
e Bm—

IPeaks: Reactive Metabolite Detection using IPF Il

A miz: 3.004

1. Labeled/non-Labeled Ratio 1:1
2.  Mass Difference 3.0037 +/- 0.005
3. Light and Heavy EIC should co-elute
4.  Additional Checks: Sample/Control Check (BS)
Mass Defect Filter Check
Remove 13C isotopes and adducts
Presence of 13C or e.g. Chlorine
Neutral Loss Check -129
Full scan MS MS/IMS Fragment
dataset dataset dataset
@ S G
MH* (Met || MH* (Metwith | [ MH* (Metwith | [ MH* (Metnot MH" and MS/MS
with expected expected an expected present in spectra (Met with
m/z values) mass defects) isotope pattern) controls) expected product ions

k.

h

or neutral loss)

; }
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I IPeaks: Reactive Metabolite Profiling - Clozapine
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M7 s027 & 0.5 PGSH-2H +H20
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Any Isotopic Pattern: GSH, KCN, MOA, Chlorine, 12C/14C
Fast: <1 minute, including High Resolution Post Processing
Sensitive: all ions checked

Interactive Graphics (MS/EIC) directly from Table

Hits confirmed by: Neutral Loss, Cl, MDF and 2+ ions
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A fniz: 3.004]
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Tid-antigen
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o

SCX fractionation (26 fractions)

Self-epitopes

IPeaks: Stable Isotope Tagging of Epitopes

14N / 15N Labeling Rules:
1. Ratio1l:1 Averagine

2. Am/z~1.2%

c4.94 H7.76 N1.3G o1.48 S0.042

3. 98 atom% °N labeled medium
Published in: Current Protocols in Inmunology

Binomial Pattern Search

Infection associated

Self-Peptide

Self-Peptide

‘i\i{] i, -

1JIC J.J‘.L._‘_.

Patogen-derived epitopes

A
v

Binomial Pattern Matching

98 atom% labeling
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MsCompare: Metabolomics & BioMarker Discovery

MsCompare Features:
L Comparison and Statistical Analysis of series of Samples (LC/MS or GC/MS)

O Alignment: Cross Correlation, COW, Reference Peak Warping, Manual Shift Correction

U Pre-Processing: Smoothing, Normalization etc.

Stay in Touch with Your Data !!

O Peak Matching and Peak Picking for all Samples: Low & High Resolution

O Visualization/Comparison techniques to view differences (EIC/MS)

U Univariate Data Analysis: Find unique or Differential Peaks, Time Series Analysis
O Multivariate Data Analysis: PCA, Clustering, Correlation Maps, Regression & Discriminant Analysis (PLS-DA), ECVA

U Combines Univariate and Multivariate Data Analysis

| |
| |
|
€ | | MsCompare Applications:
|
=11 .. LI e Compare Impurity Profiles of Batches
|
.:- : e BioMarker Discovery — detect unique features
|
L. 1 "% am * Metabolomics — find differences between groups of samples
= ol e Drug Metabolite Profiling — Species Comparison
-

e Targeted Quantitative Analysis on many Samples: Trending
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Correlation Optimized Warping

Auto Reconstructed TICs based on 12 Reference Peaks

MsCompare — Chromatographic Alighment

COW Aligned BPC Traces

COW

—

COW Aligned BPC Data

10000 - .
5000 - :
u 1 Vi 1 L h

65 70 75 80 85 a0 a5

RPW

Raw BPC Data
10000 1
5000 - g
a 1 1
65 70 75 80 a0 95
Reference Peak Warping (TIC Overlay)
ﬁ_w—w Tompestins va] - .
SHAD s4eRHART B UBAR RS AL
MaCenies T - [FER P 1500 T

1000

Reconsiructed EICs from List e

RPW: Before and after Alignment

u Figure 1: RPW Preview

Fle Edit View Insert Tools Deskiop Window Help

D& h RAOS £ 08|50

Raw EIC Clist) Data

BE=X]

50 55 B0

RPY Aligned EIC (list) Data

50 T T T T T T
i i Bl ; :
.- 2 w L
= v m u il :

Zi “ ) 1 : L H
= 0 " L L“ 0 t } f : f j : i
e - 0 w g p wy A i | % 40 45 &0 55 B0 B5 70 75

ool il 40 i) 60 n a0 Press SpaceBar after zooming to plot equal time scales
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MsCompare - BioMarker Discovery Example

Detect Unique Class Discriminating Peaks

Tebated I Cumerd mir 308 T

MS Compare
e Compare Multiple Samples Interactively | [

¢ Click & Identify to view EIC/MS for all Samples 1 \

Peak Picking vs. Peak Matching

® Peak Picking: 1. Detect Peaks in each sample individually
2. Cluster all Peaks for all Samples

¢ Peak Matching: Use Target List of lons (m/z, time) to perform HR
Peak Picking in all Samples

[ [ = 8

BioMarker Surface Plot

Multivariate Analysis: Unsupervised Pattern Recognition

* Principal Component Analysis to detect Groups & Outliers Bacteria Classification ||
(50 Samples — 2 Groups) |,

(Dominant Features, often fails for LC & GC/MS) (6/44)

Multi. Analysis X
Uni. Analysis OK

Multivariate Analysis: Supervised Pattern Recognition

¢ PLS-DA, ECVA, Use Class Information to separate Groups

Univariate Analysis

e Combine Univariate Statistics to find discriminating peaks:
Class Ratio’s, Fisher Discriminant Scores, Uniqueness Value
T-test, P-test etc.
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MS Compare

Run Peak Matching on Large Number of Samples using (Targeted) List of Compounds

Input for MsCompare:

1.

2
3.
4

MPeaks Result File - Accurate Mass, tR
User Created List File — Accurate Mass, tR, Compound Info
Excel List file — Accurate Mass, tR, Compound Info

Chemical Formulas

Peak Matching Workflow

lon List m/z — time
Targeted/Un-Targeted

Single Table:
Areas for all Peaks, All Samples

Single Samnle
Single Samnple

205 10006 1161465869 205

10,006 1161465563)

|

_J \"\/WNJWM Il M,\ALA!‘LM"]U‘L“ I\w"JJ\\:(;-HM_J 267 14445 572858165

208 10008 277647129
207 10006 108313885

241 10376 391333360
. 243 10376 127755735

205
205
205
205
205
205

10,006 1161465663
10,006 1161465563]
A0.006 1161465869
10,008 11E1485863)
40,006 1161465663]
10,005 1161465369)
205 10006 1161465869

l

266 14445 BO702739)
266 14664 102321396

267 14664 97020320

208 10006 277647129
207 10006 108313885
241 10376 391333360,
243 10376 127755739

297 15471 993419167
298 15471 209938863
298 15471 780735740,
300 12377 644146385
300 15454 134304249

301 12377 87124140 SI

= 267 14664 97020320
= 297 15471 983418167
= 298 15471 203938083
299 15471 7907357400

300 12377  B44148385
300 15454 134304249

301 12377 87124140 SI

MsCompare - High Resolution Targeted Screening

MsCompare Data Analysis

Trend Analysis

266 14445 80702799
266 14884 102321398 :>
e 267 14.445 572858185
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MsCompare Workflow

¢ Alignment
¢ Peak Picking, Normalization
¢ Multivariate Analysis :PCA

¢ Univariate Analysis;
Find Class Separating Peaks

¢ Time Profiles

Up or Down Regulated Peaks (5 Groups) ‘

W

Sample Pooling - QC Sample

.

— [z

Peak Picking (207 Samples, 2000 Peaks)_|

[T
MaCompare. Mubi Class Paireite Frsher Discriminet Results (Mean)

Profiles

&8 8 B @ § ¥

Statistical Plots
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MsXelerator: Custom Applications

MsXelerator: Continuously add new (small) Applications

Big(ger) Projects in co-operation with Customer
New Project are always added to Software

Examples:
J Quantitative Proteomics

O GC/MS Quality Control and Quantitation in Metabolomics

(J MIDAR: Relative Quantitation

O Import Metabolite Prediction Results from third Party Software
L Metabolite Deconvolution Radio Signal and MS

L GC/MS Product Control

MsMetrix




Software Customization: Small Applications

[TEsTNG] [DEVEL

MIDAR MS Multi Charged Protein Deconvolution

Identification based on Ratio T mE)

alimaied MW Rasbiush M5 runluton

MS Deconvolution

Analysis of Labeled Peptides

e intensiy: M-11M

Ratio (M-1)/M) =
=0
. xo
. n=4
ot . . : n=3 L
ctoe R MS-Radio: 2-Component Mixture Analysis:
.. n=2 . . e _
St Deconvolute Overlapping Radio Signal based
T S on MS Signal &
o . *%as o . K § _
(R EDeceipeRiten WS EL
o0 w0 0 a0 o Linear Least Squares Mixture y o -
" MS - Radio Signal Decompositon miemcn |y 2
=i0lx
;;i“ﬂ: Tﬂ‘l’;‘:‘; :*'D":J' S - Coemeert | inf Compound 1132, Misture Anstyss in Cuplo
, sk of Saemples 8 _JI
' s S 132500 o - .
Hurker of Mataboltes: e Lord aubons
- M Ltaie) D friem Tt File LLTJ lI'
: | S M Hadia Cale. Radin  Calc. Radio  Radio 142
. Sample Hame et Heta? Heta 142 Hetat Meta?
i ' L e 1962081 302 13700 10245 54
E.. ' o s T EETIT 1848402 B w LG A
AM-1 = T e 184mr2 8 1 1703 I
2 . M E cawpes aMiMes 179877 e 14485 6727 4373
W o 0 sewed ] 100 zm e 1154 7 37
N l Ll E— e T = ais TrosT s n
TR N0 NO: T4 MO8 MO8 T TN T4 P Te 5
-
=
&
S0
Y ot P, Factors (MG (RA) R (Rl oo %)
Dedermirant A Matn | s -~ e -~
[ p— B310Ta Mt 2 s e W -
nensr R ogme (=]
=
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e
et e ——
P L

B et -Jokd ..
o-n:“l:_- P | . -' . "-';$':§§'
Input Files: Mascot Result Files S . &-‘.“‘3@, e -
Peak Picking Tables from Mpeaks or IPeaks | = =~ st .
Excel File, m/z, charge, sequences, ID 5ea o - o
----- = . . . - I“" rem 'I - r
Labeling: Define any kind of labeling pattern = = f = ’
. . B -
Number of labeled residues determined from sequence }{,f
Number of labeled residues determined in loop I o
1N/1>N Metabolic Labeling f
Features: Quantify or Search Peaks with specific Label
Filter Mascot Results (Score threshold etc.)
Operate on deconvoluted MS files |'
Accurate Peak Area (volume) and Peak Height |
Error statistics: co-elution check and visualization of EIC and MS _, |h
Easy detection of Singles i BT e Fiare e —— .
. u m 2zl =iz B wg_‘_%%‘!!n (£t - 1 : ua: L m__ _ | |
Output: IPeaks, Excel, text files ,'?-"I
YN
MsMetrix

MsX-Quant: High Resolution Isotope Search / Quant




amE ERa
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GC/MS Quality Control:
ANOVA Workflow

Blanc Signal Check

Optimized GC/MS Peak Picking
Calibration Curves/Statistics

PCA Calibration Results

Check Stability within Series

Check Stability between Series

Retention Time Index Conversion

U000 00000

NIST MS Search

GC/MS Data Processing:

Peak Picking & Deconvolution
Alignment of chromatograms
Univariate Analysis
Multivariate Analysis

PCA, combined with ANOVA

PCA Distance & Influence Plots

O 000000

Peak Purity Analysis

GCMS QC / Quant for Metabolomics

2 i i
Wil |1 |
s —? *j.;'r"'.""f{l%f":_.“f?.-'l'ul

.l". o

2 det °
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. . Y i by - (550, fast - Fli-35-Sarrsie 1]
D QC Lab Appllcatlon m: z: u\: _::“Lr-gmw. PeakPicking  Differential Anabysis  Decoevchtion  Mertification  Optices  Help. -
Fds ¢ CR s | uE S
U 1000* Complex Products r .
-
U Compare Sample / Target w— . ool i
QO Detect Small Differences (+ -) i e
Load Target 100~ . uhn » -
& e []
O Automated GC/MS Deconvolution o ¢ |'| . :
Aagh SameheTarget | L4 .
O Automated Identification NIST e a TR
U Link with Company Database w1 -
i R S 4384 Tam | \
Q Different User Levels ] ' I
2= | L s {J J smi’wi | I |L| ;m |‘:
e e o a4 _LL._L Lad b a kA _,_J L3N S0 TR GO g o B
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MsXelerator for Windows

* Drug Metabolite Profiling

* Metabonomics
* Label-Free Proteomics
* Quantitative Proteomics

* Biomarker Discovery

www.MsMetrix.com
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