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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
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MS Type Summary
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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
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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

/

> O OO

Isotope
Raw data —. Background noise ., Ind|V|dua_I m/; peaks . clusters |
removed grouped into isotope grouped into
clusters molecular
features

Identification, Quantification, Differential Analysis are performedhmmically qualified
compound data
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