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Metabolomics

AFastest amcmwifigeli today

A Key techniques used: Chromatographic separation plus mass spectrometry in
combination with statistical analyses

A Areas where metabolomics is increasingly being used:

i Health and disease (clinical), nutrition, food quality

I Fermentation QC
I Biofuelsigr een technol ogieso and crops researc

I Environmental monitoring

A Critical issues related to workflow:
I Sample preparation, automation
I Compound identification

I Integration of metabolomics into systems biology context
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What 1s Metabolomics?

I Metabolomics is the comparative -
analysis of endogenous metabolites ;o e —— "
found in biological samples:

I biomarker for a disease or drug effect
I production process change

I Metabolites are the by-products of
metabolism

I Range of physico-chemical g . _.
properties M e TuauB 0 L oML C s

I Classes: Amino acids, Sugars,
organic acids, fatt:'§

I Molecular weight ~ 50-1000
T Number of metabolites: 2500-3000

I Concentrations span a wide dynamic ‘
range

N

Our measure is your success. .:: Agilent Technologies



MS Type Summary

6200 TOF & 6500
QTOF, 6400 Triple
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5975C

GC/MSD

H 40

Only Agilent has complete MS portfolio for

kX
metabolomics
[

17
TOF/ Q-TOF  Triple Quad lon Trap Orbitrap | Single Quad FTICR n/a Other Sector
\ LC/ MS) GC/MS ’
2009 ASMS Metabolomics Survey Results

http://metabolomics.us/2009/ASMSMetabolomicsWorkshop/SurveyResults/
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The Workflow: Untargeted Analysis

Purpose:

Extract and sub-
fractionate
metabolites.

Separate and
detect metabolites
by the appropriate
platform

New separation
developments for
polar/non-polar
compounds

AMDIS

MassHunter
MFE

Find and
guantitate all
metabolites

Mass Profiler

Mass Profiler Pro

Find meaningful
differences in
sample sets

El library for
Metabolomics

METLIN
Personal DB

Identify the
interesting
metabolites

New Statistical
analysis and
visualization
software

Agilent Technologies

METLIN db with
AMRT for LC/MS

Agilent-Fiehn
GC/MS library

Pathway
Software

Understand the
biological meaning
of the data

Pathway Architect




Customer Survey
Bottleneck Summary

hardware

Challenges due to software
NOT hardware

Agilent has software tools to 80
fill these gaps Sample e

21BN0S

14%

Data Processing
and Reduction

MFE

AMDIS

2009 ASMS Metabolomics Survey Results
http://metabolomics.us/2009/ASMSMetabolomicsWorkshop/SurveyResults/
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The Advanced Agilent Metabolomics Workflow

/separate\ @nd features\ /statistics\ 4 identify N /pathways\

+ detect + quantitate

= GC/MSD Q:S'DIS

U -

O GCIRRQ - FbCD

M Pathway
>— Quant P f'|aSS|:> ID Browser Analysis
r(ONIe?/\r/ I)m (New !) Module
: |
0 LC/TOF Q,\;'E"E (New 1)
O LC/IQ-TOF | | ppe r 2nd pass extraction
LC/QQQ - Fbl (New!)] with Find-by-lon
(New!)
\ / \ < Unifigj Co\mpound Ex@am@ File (.cef) (L\lew\!) > /
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A new Compound Exchange File (.cef) enables
recursive feature extraction

(O MFE
Y cef| Raw feature lists
@ FBI
GC/MS d MassHunte ﬂ)@
Lc/Ms | b Qual Refined “1{ .cef _
feature lists Mass Profiler [~ oo Pathway
Combined binned List Professional Analysis
e/
ID Browser ) _—
K Differential features
cef|4) 7
Annotated
compounds

A Allows recursive workflow to improve differential analysis statistics

A Allows annotation with compound IDs and MS/MS spectra
A Enables mapping to biological pathways

A More automation and convenience for differential analysis workflow
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Metabolomics I Untargeted or Targeted Analysis

Untargeted - Profiling of unknowns

A Accurate Mass instrument (LC-TOF, Q-TOF)

A Track metabolites using retention time and mass

A Find differential metabolites (features) using statistical analysis programs
A 1dentify differential metabolites

A Interpret results in context of biological pathway analysis software tools
A Integrate into Systems Biology context

Targeted - Known metabolites only

A Absolute quantitation - Need external and internal standards

A Unit mass instruments (LC-QQQ or GC-QQQ)

A Data is acquired in SIM or MRM mode

A Flux analysis

A Pathway analysis and model building software for biological interpretation
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Finding Features from the MS
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Molecular Feature Extraction:
Peak Finding Algorlthm

Data is processed by proprietary
feature finding algorithm

A Find chromatographic peaks L] T
i Find all ions that are related
i Include any adducts, such as Na* or K*
I Include isotopes ([M+H]*, [M+H+1]*,
'I' CheCk for dimerS R EEEE R L 5‘éfw‘ifsﬁiqijnr,i%m![m.é‘ TR TEARTLTR IS B AT 62 83 81 a8

I Create a compound chromatograms
(ECC) and spectra

A Sum all ion signals into one value
(Feature) -

A Fully automated processing

A Create data file for export

7 8 9 0
Retention Time {min)
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Molecular Feature Extractor (MFE)
Transforming Data to Chemical Information

species [RT [m/z [mass [aburd |
iz
—_— M3H 13248 9215025 27614856 35764
— Me3H 1 13247 9219373 27614874 548320 . .
ii60: = M3H42 13248 9221722 27614837 476780 ﬂl AR A4 3135 el
= M3H+3 13243 9225072 27614321 25680
M3H+2 13248 9228416 27614334 117143 AT mess [sbund _Theight [ions
MedHS 13050 G217 27614832 45705 75| 120560 48 1329 3
M+3H+6 13252 9235088 27614810 16721 7.718] 1579.7000 1223 18] 2
be3H+7 13246 9233 2/E1ATIS 44E2 7716 748.3860) 18753 1215 4
M+3H+0 13263 9241649 27614535 677 7.718) 1970.7335 2788 281 3
900 13242 28264043 11853 662 4
W+2H+Ha 13243 9288293 2714842 29521 13244 26144034 60188, 169 8
: MeHeNasl 13243 9201643 27614883 45140 13245 28164119 8707 ]
Me2HeNar2 | 13247 9294357 27614781 43276 13245 23311604 191 291 3
— Me2H+Har3 | 13247 9298283 27814737 33217 12247 14076950 14377 s 2
- MelHeNaed 13288 9301614 270614706 23203 12243 27614877 4778072 79795 78
- Me2H+Hat5 | 13285 9305000 27614842 11741 19280 2T 2T 755 o
558 = Me2H+HatB | 13277 9308343 27814888 3970 13250 2806 4575 Ta26 =
- M2H K 13247 9341483 27614673 8064 E §2§ 121u§:; S;}; 1:3;2 éég ;
- - M2H ekl 13241 9324883 27614883 13733
oz MeRHee2 | 13204 9300136 27614759 11070 13280 2RABZ6]  2rven]  iZA 8
600 - Me2Heked 13250 9351566 27614847 6635 2189 E77.2975 o801 LAL] B—
- - M+ 2H kel 13247 9354933 27814928 3721 9158 21738334 3432 427 3
- - b+2HeK5 13280 9358045 27614237 1162 9761 1306477 1838172 70S00) 23
9161 12218)  1m88 1
M+H2Ha 13238 931547 27614783 6950 9162 13346137 78374 2869 10
500 MeHs2Nasl 13241 9364933 27614913 9928 10395 15406853 2023 2
MeHe2Nas2 13244 9368254 27614853 G407 0003 anERas| oweasl wien "
MeHs2Har3 13251 9371567 27814783 7074
- MeHs2Naed | 13286 9374817 27614437 3386
MeHe2NaeS 13242 9378123 27614332 2586

Isotope
Background noise Individual m/z peaks clusters
removed grouped into isotope grouped into
clusters molecular
features

Identification, Quantification, Differential Analysis are performedhmmically qualified
compound data
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Finding Differences : Disease to Control
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Differential Analysis & Visualization

£ Agilent MassHunter Mass Profiler -- Human_Urine_Pos (Urine_Human Pos)
. Fle Method Wew Weob Image Identfy Hep
Mass Profiler RET T M- — —
i Performs pair wise differential analysis I e ——_—_
i Designed for TOF data only 2 ettt o
i Simple t-test : .,
I METLIN Personal database is integrated = =
§ 14 4
% - . Log:A;inuanco-zoreuplz = 24 2
Expression: (5 Bah O Up O Down 666 Features
Mass Profiler Professional

i Simple or complex data sets
i Performs many types of statistical analyses
i Numerous visualizations

I Import and process data from Agilent:
GC/MS, LC/TOF, LC/Q-TOF, LC/QQQ
data)

I ldentify metabolites using integrated 1D
browser

Agilent Technologies



Mass Profiler Professional: Intuitive Analysis
Workflow

MassProfiler Pro 2.0 - LCMS
: Project Search View Tools Annotations ‘Windows Help

1 EIEEIEDE R RSO ER E S

Project Navigator 2 L5 |eams|
LCMS Demo x|
(=i Experiments

MS

AEE

-

Experiment Setup ¥
Quick Start Guide
Experiment Grouping
Create Interpretation

R

Multiple experiment
types i combine
GC/MS and LC/MS

¥

Quality Control ¥
Quality Control on Samples
Filter by Error
Filter by Abundance
Filter by Flags
Filter on Frequency

#-[_] Samples
(=3 Interpretations
=1 All samples
4% Treatment (Non-averaged)
“4%% Treatment
(=i Analysis
= &) Filkered on Flags [P, M)
- 3] Fold change »>=2.0
-] My Favorites

Analysis
Statistical Analysis
Filter on Volcano Plot
Fold Change
Clustering
Find Similar Entities

Guided workflow for
: - ease-of-use

£} GCms

 Build Pred

#-[_] Samples
(= {3 Interpretations Run Prediction
4. all samples
= ﬁg“’? Results Interpretat... (¥
. All Entities

Pathway analysis

Find Similar Entity Lists
Find Significant Pathways
Extract Relations via NLP
Export for recursion
Export For identification

| I 4amof s7M| |1

#- (] My Favorites
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Hierarchical Experiment and Data Organization

GeneSpring GX 9 - Heart Failure

Project Search View Tools ‘Windows Help

Pro}'act Naviﬁator ‘workFlaw 7
Cardiogenomics *
=23 Experiments
Heart Failure
QiC Experiment
QC Baseline ta contral
Colon Cancer Exon
Hela From Samples

Profile Plot |;“EHX| Experiment Setup
Quick Skart Guide

Experiment Grouping

Create Interpretation

Quality Control B3

QC Baseline to contral

{2 samples

a Inkerpretations

| »

MNormalized Intensity Values
Mormalized Intensity Values

i #
(=i All Samples Class Prediction S
Treatment E
{2 Treatment (Mon-averaged) il Results Interpretations (&
(=423 Analysis
=8 All Entities -
~

Utilities E

=] & Filkered on Flags Present or Marginal
W 4

Heart Failure = ltlx
{Z5amples
E @ Inkerpretations
§ bl all Samples
Gender - CHF Etiology {Man-averaged)
(¥ Gender - CHF Etiology
(=423 Analysis
-] All Entities
Elm Filkered on Expression (20.0)
(542 2way ANOVA
§] ZWay ANOYA Corrected p-valuslCHF Etiology
& Union 2way BNOVA cutoff p<.05
-3 GO Analysis
#-{_7] binlogical_pracess
=43 molecular_function
=1 nucleic acid binding
- =23 Similar Pathways satisfying p-
Fe TGFER
§j protein binding

P.P.P.P. P.P. P P.P. P.PA-N_Male_3
Lidia wlscd mMod mldid miscd wRod
—Femal Mal

[Fema..[Femal .[Femal [Male, . [Male, . [Male, Mormal]
——Female— e M Bt

Gender - CHF Etiology (Non-averaged) Cender - CHF Etiology

T Histogram Be| AndrogenReceptor

Leﬁand 2

Legend - AndrogenReceptar - |
Theme Legend
< i | ¥ COMPLEX
Hela from Samples =
{7 5amples Jl L
4 Inkerpratations S SN —_— - O PROTEIN
! all samples T T T T T
-3 Analysis -1.936 -1.019 -0.102 0.815 1.732 SMALLMOLECULE =
L. 3 Al Ertities = BINDING
Channel |[Female, Idiopathic] —m— EXFRESSION
¢ MBMBER v
i X | 36 nodes, 101 controls, 202 edges | Selected Nodes: 0, Cantrals: 0 132 of 1800 | T

Page 18
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W

-1

z a Driven Data Analysis

Guided Workflow - Find Differential Expression (Step 3 of 8)

Steps Qc on samples
Sample quality can be assessed by examining the walues in the PCA plat and other experiment specific quality plats. Ta remove a sample From your experiment, select the sample fram any of the views and click an the
1. Summary Report Add/Remove button, IF a sample is removed, re-summarization of the remaining samples will be performed,

2, Experiment Grouping

_ Displaying 14 aut of 14 samples retained in the analysis. To change, use the "AddjRemave Samples” button belaw,

4, Filter Abundance Experiment Grouping =
5. Significance Analysis Samples Treament
&, Fold Change 010408-002 Untreated -

010408-004 Untreated
7. GO Analysis 010408-005 Untreated
8. Find Significant Path... || [(10408-006 Untreated

010408-007 Untreated

010408-008 Untreated

010408-011 Untreated =

010408-013 Treated

010408-014 Treatec

010408-016 Treated

010408-018 Treated

010408-01% Treated

010408-020 Treated -

010408-021 Treated %

30 PCA Scores n Legend - 30 PCA Scores

Y -Axis Color by Treament
i W Treated
W Untreated
@ |, o 0%
@
o0 Description

Algorithm: Principal Components Analysis
-l"‘"'-- Z-Axis Farameters:
/0/ --‘-a“ Column indices = [1-14]

Pruning option = [numPrincipalCampanents, [4]]
/{Axls @ Mean centered = true
Scale = true

3-D scores = true
PCA on = Columns

H-Pis

Y-fxis | Compaonent 2 .., W Z-Axis  |Component 3., %
Add/Remaove Samples

[ << Back ][ Mext == ][ Finish ][ Cancel ]
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Finding Identifications
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Metabolite Identification Schemes

ID compounds of interest

A Agilent Fiehn GC/MS Metabolomics
Library

METLIN AMRT Database (LC/MS)
Molecular Formula Generation (MFG)

Interpret MS/MS library search

To To I

| D of Antrue unknow

A Acquire targeted MS/MS on organic
synthesized compounds (based on
hypothesized structure)

A 1solate compound and do NMR
(needs time, cost and money)

Agilent Technologies



Agilent Fiehn Metabolomics GC/MS RTL Library

Dedicated GC/MS Analysis Method
for Metabolomics

A Developed By Dr. Oliver Fiehn
i Anal. Chem. 2000, 72, 3573-3580

A Chemical derivatization of active
groups

i Oximation of alpha-keto groups first
i Silylation of active protons i MSTFA
A GC/MS retention time locked method
i Reproducible retention times
A El library with retention indexing (RI)
i Library supports modified methods

A AMDIS, PBM, Quant and Screener
library format supplied

Agilent Technologies



Identification: METLIN Personal Database
Overview

Metabolite-specific database for
metabolomics research

12 About Agilent METLIN Personal Metabolite Database

A Database installed on a PC
A Contains ~22,000 compounds

I ~8000 lipids added from LipidMaps . METLIN Personal
Metabolite Database
A Manual and batCh SearCheS for MassHunter Workstation

I Query based on monoisotopic mass
A Customizable

I Add compounds

I Assign chromatographic retention times to e
metabOI IteS ‘ Ww.agilmtcom.»‘chem

i Create subset databases
A Works with other Agilent software

Version B.02.00 Build31.0
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AMRT database generation in METLIN: TIC example of a
standards mixture

w106 |+ESI TIC Scan Frag=175.00 Bind_02.d PN N 2.1x 30 mm, 3.5 um SB-C8 Guard

Ed 2.1x50 mm, 3.5 um SB-aq C18

N I ———— S — ] 100
4 / 80
KB I

60

24 40
14 20

1 2 1 4 & B f 8 3 1w M 12 13 14 15 16 17 18 19
Countz vz, Acquizition Time [min]

A Over 700 Standards for most common metabolite classes analyzed in bin&of 25

Methanol %

w Simple linear gradient: 2% methanol to 98% methanol in 13 minutes, 6 minute hold a
98% methanol; Flow rate Or6L/min

w Compatible with ESI/APCI and positive/negative ionization modes

w EIC of each standard is evaluated: Retention Time and Accurate Mass are added to
METLIN Personal Metabolite Database
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New Agilent Mass Profiling Data Flow

4 ) 4 ) 4 )
— d > — .cef —=> )
Mass Hunter |~ | MassHunter| | Mass Profiler Pathway
Acquisition ' Qual ' Profession?/ Analysis
— d — — .cef —>
- J (N J Cmpd lists - - [/
Find
: significan
target list for MS/MS features
©
.. 0 P
A Feature extraction in MassHunter Qual .- 5 2
=> new compound exchange file (.cef) 2.3 £ 8
L ©
@ 3

A Statistical analysis in Mass Profiler Pro

A ldentification and annotation performed
in new ID Browser

A Annotations returned into Mass Profiler
Professional for visualization |dentify significant

A Annotations used in Pathway Analysis Features

Page 26
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The Compound ID Browser 1 Built Into MPP

EE Agilent MassHunter Qualitative Analysis - Default-m

I File Edit View Find Identify Chromatograms Spectra Method Seguence Actions Tools Help

i 11| MS Spectrum Results X (| 1}l MS Peaks One: + Scan (3.374-3.440 min) Sub- Sulfa Grad1_Pos_04d % (/i & Structure Viewer x
2 e 1 IQI\QI miz lon Abund | Abund% Charge | Sat| Diff (ppm) Structure | MOL text |
e P - . (M+H)+ 1251689 1
x1!|};_ Cpd 22.885u(ljfzaj:ls1lorop','nd52|ne. +ES| Scan (3.374-2.440 min, 5 scans).. 860229 (MeH)= 61678 25 . 57
(MfH)+ 2870189 (MeH)+ 475243 829 7 25
121 Compound Mas ! 2880208 (MeH)+ 56210 449 7 197
114 283.016 (M+H)+ 20003 16 1 1.08
1] Spectrum W/ 2500158|  (MeH)+ 2018 018 7 578
y .
- aCD a. Zj
N |dentified
06 e .
0] ‘ lon species
044
03 2860238
02 il 2880208
' e 2890160
0.1 H AT ﬁfﬂﬁg
o4 | 1l |
285 286 287 288 283 2%
Counts vs. Mass-to-Charge (m/z)
£3 Compound List *®
Show | Cpd Name RT Mass Mass (Tgt) | Diff (Tat, ppm) Algarithm Formula (Tgt) Score Area Height Vol Abund
Sulfamethazine 2.8 j Find By Formula  C12H14NAO2S 9782 19378433 5276683
4 Sulfsmethizole| 2053  2700251| 2700245 214|  Find By Formula 2| a8 8354316 3074781 1637803
2| Sulfachloropyridazine|  3407| 2840143 284013 278]  Find By FormQz|  C10MBCINADZS | 87, 0215 3443561 1251689
3| Sulfsdimethoxine| 3854] 2100745 3100736 284]  Find By Formula %615 17316311 5823625 3448382
AY
= v 7 4 ~ 4 =~ Fan4 14 . A v 4 4
[ 2YL)2dzyRa @oAUK YAAYlIUOKSR ao0Saug K
MFG, are flagged red in the compound table for resolution
Compound List selection changes Compound Mass Spectrum,
peak list and structure (compounzkntric navigation)

For LC/MS and GC/MS
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Annotations Appear in Mass

Profiler Pro

MassProfiler Pro 2.0 - L

i Project Search View Tools

MS Identified

Annotations

Windows Help

FE e EE R

1 1 EEENE R

Pro]’ect Naviﬁator
LCMS Identified %

=23 Experiments

D My Favarites

LCMS Identified

B Scatter Plot

Sulfa_Cradl_Meg_02: Mormalization

Sulfamethazine
[m]

Sulfadimethoxine

tlfachloropyridazine

H-fxis

-Axis

Sulfa_Cradl_Meg_01: Mormalization

Sulfa_izradl_Meg_02: Mormalization

‘iorkflow 7

Experiment Setup
Cuick Start Guide
Experiment Grouping

Create Interpretation

ooy oo
)
o prcaeion ]
cnto merprtatons
:

Utilities *

LeEend L

Legend - Scatter Plat
Color by Sulfa_Gradl _Meg_01: Morm

-34.6 0.2

Descripkion
Launched on inkerpretation: All Sam z

< i | >

Displaying 3; 0 selected,

| aomofson |

- Agilent Technologies
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Finding Biological Relevance:
Pathways
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Pathways with Up/Down regulation data

GeneSpring GX 10.0 - Hel a cells Treated wiht X79532

! Project Search ‘iew Tools Annokations  Windows Help

A & [ e [ s [ ) [ e BT e

Praject Navigator HeLa cells Treated wiht X79532-a ‘workflow 0
Toxicity Screening Compound X79532-a *

=4 Experiments
- Hela cells Treated wiht X79532-a

MT-HeavyMetal-Pathway

NS EPEE

Experiment Setup
Quick Start Guide

Experiment Grouping

Pl Lol Tl 0 oY P

Nodes 2

Create Inkerpretation

Quality Control
o o

Analysis
O m

Class Prediction
€

Hela cells Treated wiht X79532-a Results Interpretations (¥

3 Interpretations
Lol Al Samples Function GO Analysis
1% Treatment (Mon-averaged) GSEA
é ‘Tr.eatment ( ) Protsin GSA
=) Analysis - [ttt
=81 All Entities

=& Filtered on Flags [F, M]
=B8] T-test, p<in 05
=& Fold change »= 2.0
=3 GO Analysis, p < 0.1

-4 molecular_function
¥ cadmium ion binding
¥ copper ion binding
=3 cellular_companent
B extracellular region

L.+ Significant Pathways, p <0.05

-3 My Favarites

O [ Find Similar Entity Lists

Find Significant Pathways
Launich IP&

By Enzyme

| Tmpart IPA Entity List

Extract Interactions via MLP

Utilities

Impark Entiky List From File

Differential Expression Guid...

Remove Entities with missin. ..

Legend Py

Legend - MT-HeawyMetal-Pathway

Color Range ¢ Treatment
Color Range

™) Modes |™] Relati.. | ™) Edges -2 0 2

Nodes 16; 0 selected. Relations 39; 0 selected | 225M of 296M | Tif

Page 31
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