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Quantitative Metabolomics

Compounds are identified and quantified absolutely
Data is independent of platform or technology (NMR, MS, HPLC)
Data is uniformly formated, easily shared & easily understood
Biomarkers can be approved/translated to practice more easily
Biomarkers can be interpreted or understood more easily

No need for spectral alignment or binning

No need to worry about the effects of artifactual peaks (adducts,
contaminants, decomposition products)

Easily adapted to robust statistical methods developed for
transcriptomics and proteomics

Takes time to ID and quantify compounds
Not all compounds can be quantified or ID’d (i.e. missing data)
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The Problem With Metabolomics
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The Human Metabolome Project hﬁg},

$7.5 million Genome Canada Project launched in Jan.
2005 - still ongoing

Mandate to quantify and identify all metabolites in
biofluids such as urine, CSF and blood as well as
tissues using HT experiments and text analysis (~8000
cmpds to date)

Collect reference compound spectra (NMR, GC-MS
and MS/MS) for as many metabolites as possible

Make all data freely and electronically accessible
(HMDB, DrugBank, FooDB, T3DB)

Develop novel technologies and software to improve
metabolome coverage and metabolomic throughput



Human Metabolomes

2900 (T3DB) Toxins/Env. Chemicals

1500 (DrugMet) Drug.lites
30000 (FoobB) Food ad-emicals
1450 (DrugBank) -

8000 (HMDB) Endogenous metabolites

M mM uM nM pM fM



Meet the Metabolomes...

HMDB: Home
> 6] (@] [ A[A]|+ rehtp:/wwwhmdb.cal ¢ (Q- Google

ArrayPipe: A._.ing Pipeline GenePattern DAVID 2008 ._ay Analysis Department o._.ll Biology Login- Depar... of Alberta  Audiobaba Music Search
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What's New?
November 5, 2009
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Welcome to the FooDB food component database!

The DrugBank database is a unique bicinformatics and cheminformatis resource that.
combines detailed drug (i.e. chemical, pharmacological and phamaceutical) data with
comprehensive drug target (i.e. sequence, structure, and pathway) information. The database:
contains nearly 4800 drug entries including >1,3¢ -approved small molecule drugs, 123
FDA-approved biotech (protein/peptide) drugs, 71 nutraceuticals and >3,243 experimental
drugs. Additionally, more than 2,500 non-redundant protein (.e. drug target) sequences are
linked to these FDA approved drug entries. Each DrugCard entry contains more than 100 data.
fields with half of the information being devoted to drugichemical data and the other half
devoted to drug target or protein data.

FooDB is a comprehensive database providing information on 1932 food components (eventually ~3500).
The list of food components has been taken from the FDA list of everything added to food in the United
States. The first stage of annotation (automated) was performed with BioSpider - a tool developed in-
house. The second stage of annotation (manual) is currently underway.

FooDB has been built from the ground-up using Ruby on Rails, a free and open-source web-application
framework.

DrugBarnk is supported by David Wishart, Departments of Computing Science & Biological
Questions or corrections regarding FooDB can be submitted to Craig Knox. Sciences, University of Alberta.

. . More about DrugBank
Designed and tested with:

« Safari 2.0+
« Firefox 2.0+
« Intemet Explorer 7.0+

What's New?

« We have implemented the ChemAxon solution for structure searches. You can now perform similarity (tanimoto),
substructure, and exact searches via the ChemQuery function. This system replaces an outdated structure Search and
should be faster and more accurate. We have only added the most basic features for this release, so if you would like to
see moreldifferent features added, please let us know.
We have added a new page containing links to other useful drug and small molecule databases. The other databases page
will be updated as new datases are ve\eased
2 new fields have been added to the dru

= Tne prodictod 10gS (vla ALOGPS) i essentaly thelog uits of moar soubity, andis one less ied you wil noed to

This project is supported by Genome Alberta & Genome Canada, a not-for-profit organization that is
leading Canada's national genomics strategy with $600 million in funding from the federal government.

caloulate.

& 5 o The InChiKey has been added s a unique structural identifier. We will soon be adding the abilit:to link to a drug via
the InChiKey.

bore @ inemet S 100% - + We have ced a basic search inerface for doing complex queries on spefc ieds. You can read more about it on the

Text Query. Or for a quick example, try this query (find all antidepressive agents which are also approved)!

http://www.drugbank.ca

start [ snagit

=



# Metabolites detected (Log,,)

Technology & Sensitivity

4— | Unknowns |
= LC-MS or
3 DI-MS

M mM uM nM pM fM
Sensitivity or LDL



Metabolite ID by Spectral
Deconvolution (NMR)
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NMR Spectral DBs

SBDS (http://riodb01.ibase.aist.go.jp)

AIST:RIO-DB Spectral Database for Organic Compounds,SDBS

<[> [e| @] =]+ Bnup/rodbolibase aist.gop/sdbs/cgi-bin/ENTRANCE.cgi ~(Q: Google

[0 The Society o...illustrators _Amazon.ca: ...of Feathers Amazon.ca: ...man: Books _The New Yor...Multimedia Author Debb...an» Login _ ASJA: Ameri...and Authors 3>

Spectral Database for

enie Corpounds spBs G AIST

Welcome to Spectral Database for Organic Compounds, SDBS.
This is a free site organized by National Institute of Advanced Industrial Science and Technology (AIST), Japan.

NMR: T.Saito, K. Hayamizu, M. Yanagisawa and . Yamamoto
MS: N.Wasada
ESR:K.Someno
IR: S.Kinugasa, K. Tanabe and T.Tamura
Raman: K. Tanabe and J. Hirishi

What's New

2008.09.29 New data were updated.(575 Spect
5005:05.15  Sanor will e down( 2008/12/05 19:00 - 2008/12/08 10:00)
2008.07.22 IR Peak search became available.

2008.03:25 _ Server will be down.( 2008/04/30 10:00 - 2008/05/01 20:00)

Disclaimer

We are doing our best to compile high quality databases. However, there are no such databases without any errors or mistakes.
W 0 warranties to those effects and shall not be liable for any damage that may result from errors in the database. When
You find errors or mistakes, please inform us using the form which can be accessed from the Contact button shown above.

Access to this database is free of charge. However we request visitors to our database not to download more than 50 spectra

and or compound Information in one day. All accesses are recorded. It Is prohibited that you use any information of SDBS for
profit-making or commercial use without obtaining proper permission from us. If more spectra are required for some specific ||
purpose or commercial use, you should consult us and describe the intended usage or purpose of our I

We also request that when you use the data of our SDBS in your publication or presentation, a proper acknowledgement be given |

= Please do not access or download data by using automated processes.
= Please check Javascript and Cookie settings if you can not proceed to search page.
The settings have to be active in order to use SDBS.

We had a numerous access from one particular site.

HMDB (www.hmdb.ca)

HMDB: Home

N

<[> (e &[]+ wehtp: www.nmdb.ca/ ~(Q- Google
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Metabolomics Toolbox

Home Browse

Human Metabolome Database

The Human Metabolome Database (HMDB) is a freely available electronic database containing detailed information about small molecule metabolites found in
the human body. It is intended to be used for applications in metabolomics, clinical chemistry, biomarker discovery and general education. The database is
designed to contain or link three kinds of data: 1) chemical data, 2) clinical data, and 3) molecular biology/biochemistry data. The database (version 2.0)
contains over 6500 metabolite entries including both water-soluble and lipid soluble metabolites as well as metabolites that would be regarded as either
abundant (> 1 uM) o relatively rare (< 1 ni). Additionally, approximately 1500 protein (and DNA) sequences are linked to these metabolite eniries. Each
MetaboCard entry contains more than 100 data fields with 2/3 of the information being devoted to chemicaliclinical data and the other 1/3 devoted to
enzymalic or bigchenica dat. Many data fieds are yperinked to other databsses (KEGG, PubChem, MeteCy, ChEBI, PDB, Siss-Prot, and GenBak)
B dat:

Y [offs ks oy il IMDB database supports extensive text, sequence, chemical structure and relational query
searches. Two additional databases, DrugBank and FooDB are also part of the HMDB suite of databases. DrugBank contains equivalent information on ~

drugs while FooDB contains equivalent miormamn ‘on ~2000 food components and food additives.

HMDB is supported by David Wishart, Departments of Computing Science & Biological Sciences, University of Alberta.
More about the HMDB

e
Version 2.0 | Version 1.0 }@g‘

What's New?

« PathBrowse and the associated HMDB pathways have been updated to automatically highlight the given metabolite in a pathway. For example, see the
Alanine and aspartate metabolism pathway with Lipoamide highlighted. Pathways have also been unified so that the pathways from the HMDB,
KEGG, and SimCell all match for each metabolite.

>
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NMRShiftDB (www.ebi.ac.uk/nmrshiftdb/

NMRShiftDB - open nmr database on the web
<[> el 8=+ | ¥ e mmeshifib.ice.mpg.de/ ~ (@~ Google

[ The Society o._lllustrators  Amazon.ca: ...of Feathers Amazon.ca: ... man: Books The New Yor. Multimedia Author Debb. an > Login ASJA: Ameri..and Authors

NMRShjftDB  Current usage of NMRShiftDB is: Username: Login Create New Account
egistered Users: 1815 (Only necessary for
Structures which can be searched: 21540 | Passwerd: Logon with SSL ontribviting|dets)

|, Spectra: Measured 25137, calculated 550 | [ Use cookies for persistant login Forgot passwor

Problems using NMRShiftdb? See our tips on browsers to use !

NMRShiftDB Links About NMRShiftDB Latest Additi:
Developers’ page NMRSHhIfDB is a NMR database (web database) for organic structures and their nuclear

Sponsoring magnetic resonance (nmr) spectra, It allows for spectrum prediction (13G, 1H and

Media coverage other nuclei) as well as for searching spectra, structures and other properties. Last not

Static name list least, it features peer-reviewed submission of datasets by its users. The NMRShItDB

Links Software is open source, the data is published under an open content license. Please

FAQ consult the documentation for more detailed information.

Contact

News about NMRShiftDB

Hall of Fame Bioclipse-based client available 2006-06-18 15:45 - NMRShIftDB

Specipse, the new standalone client for NMRShIftDB, based on Bioclpse and therefore
Ecipse, is available for Windows and Linux systems at here - it provides convenient

1 E. Wilighagen 921 access to NMRShIRDB functions including offiine editing of entries.
2 s.pathe 505 Read More »
3 P. Braeutigam 439 =
aSKhn 350 CUBIC NMRShiftDB server moved 2008-04-15 15:39 - NMRShiftDB
The server running at CUBIC was moved to the NMR Iabs of the University of Mainz,
5 N.Prakash 350 thanks to the help of the NMR department of Organic Chemistry running these
6 B.Patel 305 faciities.
7 M.Gericke 181 It can now be reached at here
) Once we've completed the OS upgrade of our main servers at the Max-Planck-Institute
for Chemnical Ecology in Jena, the Mainz server will be integrated into the load
9 KBohn 111 scheduling system and you may get automatically redirected to it again
10R.Elinger 76 Read More »
S g Server Uparade 2006-0¢-15 12:22 - NMRShIftDB
12 I EE T A The NMRShItDB servers will get an OS. upgrade over the coming weeks. This might lead 2 Y

s

13 M. Mitchell 2 to delays in replication, but should not affect avaiability.
14 3. Bitzer 19 Read Mor

BMRB (www.bmrb.wisc.edu

Metabolomics - Netscape
. He Edt Vew Go Bookmaris Toos Window Hel

Q000 Fe== '
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Biological Magnetic Resonance Data Bank

Google Search

A Repository for Data from NMR Spectroscopy on Profeins, Peplides, and Nucleic
Acids

&432.?3,'.%5"“2‘55 Metabolomics/Metabonomics

“The growing field called Metabolornics detects and quartifies the low molecular weight molecuies, known as
metabolites (constituents of the metabolome), produced by active, iving cells under different conditions and
times in their lfe cycles. NMR is playing an important role in metabolomics because of its abiliy to observe

mixtures of small molecules in living cells or in cell extracts

The words ‘Metabolomics' and 'Metabonormics' are often used interchangably, though a consensus is beginning
to develop as to the specific meaning of each. The goals of Metabolomics are to catalog and quantify the myriad
small molecules found in biological fuids under different conditions. Metabonomics is the study of how the
metabolic profile of a complex biological system changes in responise to stresses like disease, toxic exposure
or dietary change

Other small molecule databases

+ PubChem

+ KEGG Kyoto Encyclopedia of Genes and Genomes

+ Spectral Database for Organic Compounds, SDBS From the National Institute of Advanced Industrial Science
and Technology (AIST), Japan
Nundea PRONR:

I



NMR Compound ID - HMDB
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NMR Compound ID - HMDB

Database of 1000 experimental TH NMR and
1000 3C HSQC NMR reference spectra (in
H,0) + ~500 TOCSY spectra

Database of 3000 predicted '"H NMR and 13C
NMR spectra

Accepts 1D TH NMR 13C NMR, TOCSY and
HSQC queries

Supports different chemical shift tolerances
for 'TH and 13C, biofluid selection, database
selection and top match filtering



Commercial Tools For NMR-
based Quant. Metabolomics

"™ MedPhUrine.cnx - Profiler
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Automated vs Manual Fitting
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NMR Compound ID from
Mixtures - MetaboMiner
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MetaboMiner Performance

TOCSY HSQC
Sample | pH ) ) )
Identifiable* Identified Correct | Identifiable®  Identified Correct
_ 7.2 31 27 31 26
Cocktail 28 28
4.2 28 24 30 22
7.3 32 27 iz 27
Plasma 28 il
8.8 25 22 29 24
TOCSY HSQC
Sample pH Recall  Precision F-measurc | Recall | Precision  F-measure
(%o) (%o) (Vo) (Vo) (%o) (%o)
_ 7.2 96 87 92 93 84 88
Cocktail
4.2 R6 s R6 79 73 76
7.3 96 84 90 R7 84 86
Plasma
8.8 79 B8 83 77 83 80




Anal. Chem. 2007, 79, 9385-93380

Method for Determining Molar Concentrations of
Metabolites in Complex Solutions from
Two-Dimensional 'TH-13C NMR Spectra

lan A. Lewis, Seth C. Schommer, Brendan Hodis, Kate A. Robb, Marco Tonelli, William M. Westler,
Michael R. Sussman, and John L. Markley*
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Traditional
Metabolomics

Quantitative
Metabolomics

Complex Biclogical
Samples

Complex Biological
Samples

ll Collect "TH NMR
Spectra of Samples

n ID Metabolites
with 2D 'H-*C NMR

Multivariate
Statistical Analysis

E Make Three
Equimolar Mixtures
of Standards

E Collect 2D 'H-*C
Spectra on Samples
and Standards

H Relate Peak
Heights in Samples
to Standard Mixes

1
Report Multivariate Report Molar
Cluster Plots and Concentrations of
Factor Loadings Metabolites

Observed Concentration (mM)

Quantitative Metabolomics (2D NMR)

2D HSQC
Ohs =0.97 = Act+ 0.6
RP=0.99
| % Error | = 2.7 %

204

154

104

1D Proton
Obs = 0.71 x Act+ 1.9
R’=0.88
| % Error | = 16.2 %

]
10

15

20 25 30

Actual Concentration (mM)

Lewis IA et al. Anal. Chem. 79:9385 (2007)
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Metabolite ID by GC/LC-MS

GC or LC total
lon chromatogram
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Component MS spectra

match
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MS database



MS Spectral DBs

NIST/AMDIS (http://chemdata.nist.gov

faTela) The NIST 08 Mass Spectral Library--New 2008 Version
[

<« » [+
11 _Genome Albe. s Platform _Drug ADME __n Database _PolySearch-_rch Results _Ligand Expo Downloads _Prous-DrugsofFuture

/A Scientific Instrument Services, Inc.
%) :
A

A AJ[€]  hup: /wwsisweb.com/software/ms /nisthtm ~a-

Prous Scien...nce Results VK Bioscien...ate Limited 3

P i i e 7 il i e B GRS
Search: I (1

Products| Catalog Services Machining | References | Customers Dealers Company

Mass Spec | Gas Chrom | Liquid Chrom | Thermal Desorption | Vacuum Systems | General Lab | Cleaning | Software
P 9

The NIST 08 Mass Spectral Library (NIST/EPA/NIH)--New NIST
2008 Version

--The fully-evaluated, most widely used mass spectral reference library. o
Compiled by the National Institute of Standards and Technology (NIST).

Summary: The NIST 08 mass spectral database, the successor to the NIST 05, is a fully
evaluated collection of electron impact (ET) mass spectra. It also contains MS/MS spectra and GC e |19
data. It is the product of a two decade, comprehensive evaluation and expansion of the world's o

most widely used mass spectral reference library by a team of experienced mass spectrometrists | so

in which each spectrum was examined for correctness. ¢
o
0 on
NIST Components ke =
140 | gpp285
NIST is not just a mass spectral library. It contains these components: | L o] 28672 sas
o (UPDATED) Electron Impact (EI) mass spectral library - 220,460 spectra of 192,108 0 110 180 250 320 30
unique compounds, with identifications and usually chemical structures. You may search  |[minlt Pifalvkufatiazoie
names of compounds online. e PHFalEofalfiame ~
Formuia:C1 71 N3OS

© (UPDATED) MS/MS library - 14,802 spectra of 5,308 precursor ions (3,898 cations and
1,410 anions) Otrer Dis Nore

 (UPDATED) Gas Chromatography (GC) data library - 224,038 Kovats retention index 1 FinrigantAT:Toxicologeal irary (LB
values for 21,847 compounds in the E library, now on both polar and non-polar columns. ok
Includes retention indices with GC column conditions and literature citations.

 (UPDATED) NIST MS Search software - software for searching (identifying) compounds
from their mass spectra and for browsing mass spectral libraries. Also includes M
interpretation programs for analyzing mass spectra on the basis of chemical structure,
molecular formula, isotopic patterns, and more.

* (UPDATED) AMDIS software - software for deconvoluting gas/liquid chromatograms

« (UPDATED) Documentation - Approximately 50 page printed and electronic manual on

567851 1916161 65609 | 10E
05391 | 50229 | 55219 | at

olybufamy) phibaarilc ocid
acid,

Figure: E1 spectra, structure, and
corresponding data for a sample compound
in the NIST database.

HMDB (www.hmdb.ca

IMDB: Home
«| - + | mohttp:/ jwww.hmdb.ca/ @

[T The Society o._lllustrators Amazon.ca: ...of Feathers Amazon.ca: ... man: Books The New Yor. Multimedia Author Debb..an > Login ASJA: Ameri...and Authors

Home Browse Search About Downloads Contact Us

s
Human Metabolome Database Fi
Vi

= — hmp

Search: Search ) [Advanced]

The Human Metabolome Database (HMDB) is a freely available electronic database containing detailed information about small molecule metabolites found in
the human body. It is intended to be used for applications in metabolomics, clinical chemistry, biomarker discovery and general education. The database is
designed to contain or link three kinds of data: 1) chenical data, 2) clinical data, and 3) molecular biology/biochemistry data. The database (version 2.0)
contains over 6500 metabolite entries including both water-soluble and lipid soluble metabolites as well as metabolites that would be regarded as either
abundant (> 1 UM) or relatively rare (< 1 nM). Additionally, approximately 1500 protein (and DNA) sequences are linked to these metabolite enies. Each
MetaboCard entry contains more than 100 data fields with 2/3 of the information being devoted to chemical/clinical data and the other 1/3 devoted to
enzymatic or biochemical data. Many data fields are hyperlinked to other databases (KEGG, PubChem, MetaCyc, ChEBI, PDB, Swiss-Prot, and GenBank)
and a variety of structure and pathway viewing applets. The HMDB database supports extensive text, sequence, chemical structure and relational query
searches. Two additional databases, DrugBank and FooDB are also part of the HMDB suite of databases. DugBank contains equivalent information on ~ 1500
drugs while FooDB contains equivalent information on ~2000 food components and food additives.

HMDB is supported by David Wishart, Departments of Computing Science & Biological Sciences, University of Alberta.

More about the HMDB

What's New?

« PathBrowse and the associated HMDB pathways have been updated to automatically highlight the given metabolite in a pathway. For example, see the

Alanine and aspartate metabolism pathway with Lipoamide highlighted. Pathways have also been unified so that the pathways from the HMDB,

KEGG, and SimCeall all match for each metabolite.

Metlin (http://metlin.scripps.edu/)

[ Yate) Scripps Center for Mass Spectrometry - METLIN: Overview

< +1[6) (@] (2 A)[C] @ hupmetinscripps.edur ~a-

1] _Genome Albe _s Platform _Drug ADME __n Database _PolySearch-_rch Results _Ligand Expo Downloads _Prous-DrugsofFuture _"Prous Scien._nce Results_GVK Bioscien__ate Limited

:: Scripps Center for Mass Spectrometry

METLIN

18 History Overview

Publications

SANDMAN
METLIN
xcms
Inside Ms

What is Mass Spec?

~MassBank (www.massbank.jp)

O MassBank.jp -High Resolution Mass Spectral Database.
(<> [+ el

1 Genome Albe s

wmassbank jo/ ~a

J (A Al (e] e

tform Drug ADME _n Database _PolySearch—. rch Results _Ligand Expo Downloads _Prous -DrugsofFuture _"Prous Scien._nce Results

MassBank:jp o=

High Resolution Mass Spectral Database

GV Bioscien..ate Limited

Contact | Copyright | Use Restrictions | Documents | Download | Home
Japanese

This site prosents the database of comprehensive, high-

spectra of metaboll the JST-
BIRD project, It offers various qury methods for standard
spectra from Kelo Univ, RIKEN PSC, and others.

Update Information

Jan.26,2000

The Mass Spectometry Society of Japan officially B
Supports MassBanke o eeteean Dec. 05,2008

[ otabase
= Search Page =) Quick Search Page | Substructure Search
manual(in Japanese) manual(in Japanese)
< Browse Page =) Peak Search Page | Spectral Browser

 Batch Search Service

manual(in Japanese)

manual(in Japanese) manual (in Japanese)

& Features
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MS Compound ID - HMDB

HMDB: Spectra Search

[ A A|[ | mehttp:/ jwww.hmdb.ca/search/spectrantype=ms_search

=(Q- Co

Abundance Average of 8 368 0 8.381 min: 052307290 \datams )
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LC-MS Spectrum

Phenyllactate
Phenylpyruvate
Atrolactic acid
Homovanillin
Coumaric acd

O Audiobaba Music Search _Bioinformati _the U of Al Coilgun Basics 2 _Pathguide: t _esource list _ Dictionary o._on.ca: Books _Lipid Analys__s Fiehn Lab »

Human Metabolome Database

0| Version 1.0
Search: arch ) (Advanced
Spectra Search
MS Search MS/MS Search ‘GC/MS Search NMR Search
e U
Database ¥ HMDB ' FoodDB ~ DrugBank
Molecular Species Positive Mode O Negative Mode O Neutral Molecule
[teea73ss |
MW (Da) 212 56982
132.28712 /| (Da). Enter a list of MW (ie. 853.3309)
MW Tolerance (+) 0001 (Da)
(Find Meraboites ) [Hely

R I :

Ms Search Result First Prev Mext Last | Rows Displayed | Export XLS

Loading "http: /| www.hmdb.ca/search/spectra’type=ms_search’, completed 17 of 18 items =)
5
HMDB: Spectra Search
[(A AJ[& ] mehttp:/ jwwow.hmdb.cajsearch/spectrattype=ms_search ~(Q- co
0 Audiobaba Music Search _Bioinformati _the Uof Al Coilgun Basics 2 _Pathguide: t _esource list _ Dictionary o._on.ca: Books _Lipid Analys__s Fiehn Lab »
< (Da). Enter a list of MW (ic. 853.3309)
MW Tolerance (£) fooos | (Da)
(Find Metabolites ) [Hely
R
Ms Search Result Y oy e
14 results found, displaying 1 to 14 [ Scarch | Clear |
Adduct MW (Da) MW Difference (Da)
[Matching HMDB MW] | [QueryMass - AdductMass]

HHDBOOTS 3-(3-Hydroxyphenyl)propanoic acia  CoH1003 166,063 [166.062908]  L5E'S A [0+]

HDB0VATS Atrolactc acic con1003 166.063 [166.062968]  LSES WA [0+

HHDBOOSEY D-phenyllactc acia con1003 166,063 [166.062988]  LSE'S WA [04]

HMDBO0748 L-3-Phenyllactic acid C9H1003 166.063 [166.062988] LSE-5 /A [0+]

HMDBO0779 Phenyllactic acid C9H1003 166,063 [166.062988] 1565 NA[0+4]

LDBOZOT2 4-ethoxyphenylacetic aci¢ Con1003 166.063 [166.062968]  LSES WA [0+

HHDBO2199 Desaminotyrosine Con1003 166,063 [166.062988]  L5E'S WA [04]

HDB0Z229 5-#henoxyproplonic acis con1003 166.063 [166.062968]  LSES WA [0+

HMDBO5175 Homovanillin C9H1003 166.063 [166.062988] LSE-5 N/A[0+4]

HMDB00205 Pheny pyruvic acic C9HBO3 164,047 [164.047348] 3.5164 A [04]

HHDBOI7LY m-Coumaric ac Coreo3 164.047 [169.047348] 35164 WA [04]

HDBO2O3S 4-Hyeroxycinnamic acic coneos 164047 [169.047398] 35164 WA [0+

HMD 02641 2-Hydroxycinnamic acld COHBO3 164.047 [164.047348] 3.51€-4 N/A[0+]

HMDB12225 Enol-phenylpyruvate (CSHBO3 164.047 [164.047348] 3.516-4 N/A [0+]
Loading "http: /| www.hmdb.ca/search/spectra’type=ms_search’, completed 17 of 18 items =)

High scoring matches



MS/MS Compound ID - HMDB

« Database of 1000 experimental MS/MS
spectra (low, medium and high collision
energies) collected on QqQ - but largely valid
for ion trap instruments as well

* Allows selection of different instruments
(QqQ, ion trap, FT-MS gTOF), collision
energies, ionization modes, parent ion mass
tolerance and fragment ion mass tolerance

* Designed for identification of a single
compound at a time



BioCrates IDQ Kit

40 acylcarnitines, 13 amino acids, 15 LysoPCs, 77 PCs, 15 SMs = 160



Multiple Reaction Monitoring

Table I +MRM Transitions for Opiates.

Mass Spectrometer Experiments:

Compound Q1 Q3 Declustering Cellision Energy (V)
Potential (V)
Morphine 286 152 46 e
Morphine 286 1685 46 51
Hydromaorphone 286 185 46 41
Hydromarphone 286 157 46 55
Oxymorphone 302 227 36 37
Oxymorphone 302 158 36 55
Codelne 300 152 46 B5
Codelne 300 115 46 B9
Hydrocodone 300 159 46 39
Hydrocodone 300 128 4h 35 :
Oxycodone 3l6 240 31 39
Owycodone 316 256 3 33 )
B-Monoacetylmorphine 328 211 51 55 I
B-Monoacetylmorphine 328 183 51 35

Q1 Q3

Fix MSI for Frx MS2 for | ) .
a speciic precursor won a specific product 1on ) : ¢ ’



Sample Urine Metabolite List

Concentration range from 10 nM to 7.2 mM (1,000,000 X concentration)

Arginine Tyrosine C14:2 Carn C4:1 Carn C8 Carnitine | PC(36:5) aa | LysoPC-20:4 | SM(22:3)
38.7 uM 204.0 uM 0.03 uM 0.235 uM 1.05 uM 0.011 uM 0.039 uM 0.016 uM
Glutamine Valiine 37.0 | C14:2-OH C5 Carnit C9 Carnitine | PC(38:5) aa | LysoPC-6:0 SM(24:0)
531.0 uM uM 0.02 uM 4.39 uM 1.37 uM 0.016 uM 0.073 uM 0.342 uM
Glycine Leu/lle 128.0 | C16 Carn C6-OH Carn | PC(28:1)aa | PC(42:4)aa | SM(OH)16:1 | SM(24:1)
922.0 uM uM 0.021 uM 0.703 uM 0.059 uM 0.010 uM 0.020 uM 0.206 uM
Histidine Carnitiine C16-OH Cr C5-M-DC PC(30:2)aa | PC(38:3)ae | SM(OH)22:1 | SM(26:0)
1146.0 uM 73.2 uM 0.035 uM 0.531 uM 0.009 uM 0.021 uM 0.065 uM 0.020 uM
Methionine C10 Carn C16:1-OH C5-OH Carn | PC(34:1)aa | PC(38:4)ae | SM(OH)22:2 | SM(26:1)
15.6 uM 0.324 uM 0.035 uM 1.46 uM 0.094 uM 0.025 uM 0.060 uM 0.014 uM
Phenylalanin | C10:1 Carn C2 Carnitine | C5:1 Carn PC(34:2)aa | PC(38:5)ae | SM(OH)24:2

52 7 uM 1.83 uM 45.2 uM 1.84 uM 0.087 uM 0.092 uM 0.015 uM

Proline 42.9 | C10:2 Carn C3 Carnitine | C5:1-OH PC(34:4)aa | PC(38:6)ae | SM(16:0)

uM 0.796 uM 2.12 uM 0.367 uM 0.009 uM 0.068 uM 0.352 uM

Serine 408.0 | C12 Carn C3-OH Carn | C6 Carnitine | PC(36:1)aa | PC(40:5) ae | SM(16:1)

uM 0.203 uM 0.163 uM 0.814 uM 0.053 uM 0.014 uM 0.001 uM

Threonine C14 Carn C4 Carnint C6:1 Carnt PC(36:3)aa | PC(42:3)ae | SM(18:1)

220.0 uM 0.063 uM 11.0 uM 0.294 uM 0.054 uM 0.012 uM 0.023 uM

Tryptophan C14:1-OH C4-OH Carn | C8-OH Carn | PC(36:4) aa | PC(44:3) ae | SM(20:2)

15.0 uM 0.016 uM 0.405 uM 0.509 uM 0.051 uM 0.014 uM 0.020 uM




Quantitative MS Metabolomics
With Chemoselective Labeling

Peak Pair Table__C13/C12-Dansylation-Labeled Urine_#3-Sep0TO7-FTMS
File:RPLC-FTMS: #3-S5ept07 07-Run-6

-2 = R = U Sl

Mass Diff. Error is ppm between therotical mass difference and determined mass difference.

Listed pairs are the patial pairs that SIN = 20 counted manually, > 5,0E5 (Background ~2-2.5E4)

Signel that = 1.0E6 are the 5™ = 50.
RT

[min.)

1
1
1
1
1
1
1
1
1
1
1
1
1
L
1
1
1
1
1
1
1
1
1
1
i
1
1

“G-Dns-labeled™C-Dns-labaled

[miz)
387 068162
521.170220
388128016
424,117491
3TS.07TTRTO
309127955
388107705
4950858348
517071236
RAB 131270
R33.044803
BEE121314
368.181220
350 072065
31065037
390115178
550113434
403141909
421, 156070
51,1564144
12207280
719145138
753215346
reATTM21
410080287
4235 1268006
452 185226

"

(miz)
ABAOTETS
SZ231TTZ38
301134602
426124175
A7 T.0B42E5
391134601
300, 114456
457086414
519.078358
A8 138634
535051578
E57.128303
571187868
361.079792
3B3.061828
S92 122062
&2 120222
4065, 148411
473162728
A0, 160581
A14.213108
FE1.150728
TES.221011
7H1.183454
412007029
AXT 132314

454.191 B':T1

Mass Mass Diff.
Differences Error (ppm)
200651 0.51
200702 =032
200668 0.0e
200668 (.06
200862 0.25
200661 027
200675 =011
200007 0.7
200712 (.78
200736 -1.24
200737 -1.24
2.00s498 -0.50
200667 0.o7
200883 0,32
200678 0,21
200685 -0.45
200678 =0.14
2.00650 0.51
20086 0.12
200644 0.54
200595 1.48
2.00558 1.5%
200567 1.37
200833 .48
200874 -0.08
2.00831 0.94
200664 0.14

lon
Int.
1.2E+06
1.ZETDG
B.OE+0G
1.7E+06
1.0E+08
4 DE+06
1.BE+DG
2.0E+0G
2.0E+0G
2 BE+0B
5.0E+05
3.5E+0B
3.5E+06
1.5E+07
1.4E+06
4 DE+06
1AE+DE
2.ZEH0T
A.8E+05
1.0E+06
5 OE+05
1.0E+DG
1.5E+06
S.0E+0S
1.3E+06
B.OE+05
5.0E+05

Comment

Good Pair
Good Pair
Good Pair
Good Fair
Good Pair
wery Good Pair
Good Pair
Good Pair
Good Pair
Good Pair

Gaod Palr

Good Fair

Super Good Pair
Good Pair

Very Good Pair
Good Pair

Super Good Pair

Good Fair

Gocd Pair
Good Fair

Good Pair

Irtersity (=108

LY

[nkenaity =10

a-

(=)

4=

N(CHzk
oy
L
i

12C and '3C Dansyl
labeling

(B) 23 12862 235.13530

Trp ('*C vs.=C):
Am= 2.00668

23412108 23613852

I 1

7325 7330 7335 2340 7345 2060 2355 2350 2365 W2

3 184 1TES 19612424
(C)

Phe (13C vs.12C):
Am= 2.00669

133.12089
19712750

1 i | |

1935 15940 1545 1950 1355 1860 1965 1900 1955 Uz



Quantitative MS Metabolomics
iIn Human Urine

30 nM

2.51TmMM—»

Retenton | Conc.in Retention | Conc.in Retention | Conc.in Retention | Conc.in
Time Urine Time Urine Time Urine Time Urine
Compound (min) (UM) Compound (min) (UM) Compound (min) (UM) Compound (min) (M)
Dns-o-phospho -L-serine 0.92 <D.L.* Dns-lle 6.35 25 Dns-Ser-Leu 5.06 <D.L. Dns -phenol 10.52 1.0
Dns-o-phospho -L-tyrosine 0.95 <D.L. Dns-3-aminosalicylic acid 6.44 0.5 Dns-Pro 5.07 13 Dns-desipramine 10.57 <D.L.
Dns -adnosine monophosphate 0.99 <D.L Dns-pipecolic acid 6.50 05 Dns-pyridoxine 5.27 <D.L. Dns-3-chlorotyrosine 10.58 <D.L.
Dns-o-phosphoethanolamine 1.06 16 Dns-Leu 6.54 54 Dns-Val 5.35 75 Dns-2,3-diaminosalicylic acid 10.60 0.6
Dns-glucosamine 1.06 22 Dns-cystathionine 6.54 0.3 Dns-Met 5.40 16 Dns-octopamine 10.75 <D.L.
Dns-o-phospho -L-threonine 1.09 <D.L Dns-Leu-Pro 6.60 04 Dns-Thr-Leu 5.40 0.6 Dns -serotonin 10.85 1.0
Dns-6-dimet hylamine purine 1.20 <D.L. Dns-5-hydroxylysine 6.65 1.6 Dns -3-hydroxypicolinic acid 5.47 44 Dns -o-(p or m) <cresol 10.93 21
Dns-3-methyl -histidine 1.22 80 Dns-Cystine 6.73 160 Dns -salicyluric ac id 5.51 7.6 Dns -metanephrine 10.97 0.04
Dns-taurine 1.25 834 Dns-N-norleucine 6.81 0.1 Dns-Trp 5.59 120 Dns -propranolol 11.00 0.04
Brrs=carmosine 37 63 DTS=5-Nydroxydoparmine 717 DT Dns -kynurenine 5.66 6.3 Dns-4-aminophenol 11.04 <D.L.
Dns-Arg 1.53 36 Dns-dimethylamine 7.33 293 Dns-Gly-Leu 5.79 1.1 Dns -synephrine 11.06 0.27
Dns-Asn 1.55 133 Dns-5-HIAA 7.46 18 Dns-Gly-Trp 5.85 <D.L. Dns -phenylephrine 11.17 0.03
Dns-hypotaurine 1.58 10 Dns-umbelliferone 747 19 Dns -norvaline 5.89 0.3 Dns -tyramine 11.22 5.1
Dns-homocarnosine 1.61 3.9 Dns -2,3 -diaminoproprionic acid 7.63 <D.L. Dns-Ala-leu 5.89 <D.L. Dns-hydroquinone 11.28 <D.L.
Dns -guanidine 1.62 <D.L Dns-L-ornithine 7.70 15 Dns -ethylamine 5.90 25 Dns -spermidine 11.37 0.4
Dns-GIn 172 633 Dns-4-acetyamidophenol 7.73 51 Dns -4-aminobenzoic acid 5.99 1.6 Dns-diiodothyronine 1159 <D.L.
Dns-allantoin 1.83 338 Dns-procaine 7.73 89 Dns-Ala-Trp 6.00 0.5 Dns-4-isopropylphenol 11.81 <D.L.
Dns-L-citrulline 1.87 29 Dns-homocystine 7.76 33 Dns -3-aminobenzoic acid 6.08 1.2 Dns -spermine 12.05 0.3
Dns-1 (or 3 -}-methylhistamine 1.94 1.9 Dns-acetaminophen 7.97 82 Dns-Phe 6.20 90
Dns-adenosine 2.06 26 Dns-Phe-Phe 8.03 04
Dns-methylquanidine 220 <D.L.  Dns-5-methyo xysalicylic acid 8.04 2.4 6 7 2 k b H I b I H
Dns-Ser 224 511 Dns-Lys 8.16 184 pe a s y a m I n o a e I n g
Dns-aspartic acid amide 244 26 Dns -aniine 8.17 <D.L.
Dns-4-hydroxy -proline 2.56 23 Dns-leu-Phe 8.22 0.3 =
S N = | = | 120 standards spiked
Dns-Asp 260 90 Dns-4-thialysine 8.37 <DL
Dns-Thr 3.03 157 Dns-benzylamine 8.38 <D.L. L u gnm LY oL
Dns-epinephrine 3.05 <D.L. Dns-1-ephedrine 8.50 0.6 92 pea ks I de ntlfl ed/q u a ntlfled
Dns-ethanolamine 3.1 471 Dns-tryptamine 8.63 04
Dns-aminoadipic acid 3.17 70 Dns -pyrydoxamine 8.94 <D.L.
Dns-Gly 343 2510 Dns-2-methyl -benzylamine 924 <DL 3 0 n M - 2 5 1 m M
Dns-Ala 3.88 593 Dns-5-hydroxytrptophan 9.25 0.12 "
Dns-aminolevulinic acid 397 30 Dns-1,3 diaminopropane 944 0.23
Dns-r-amino -butyric acid 3.98 46 Dns-putrescine 9.60 05
Dns-p-amino -hippuric acid 3.98 29 Dns-1,2 -diaminopropane 9.66 0.1
Dns-5-hydro xymethyluricil 4.58 19 Dns-tyrosinamide 9.79 29 -
Dns-tryptophanamide 4.70 55 Dns-dopamine 10.08 140 8 2 0 e a ks b ca rb ox I a b e I I n
Dns-isoguanine 475 <D.L Dns-cadaverine 10.08 0.08 p y y g
Dns-5-aminopentanoic acid 479 16 Dns-histamine 10.19 04 - -
Dns-sarcosine 481 72 Dns-3-methoxy -tyramine 10.19 92
Dns-3-amino -isobutyrate 4.81 85 Dns-Tyr 10.28 321 S t I I I a s s e s s I n g
Dns-2-aminobutyric acid 4.91 17 Dns -cysteamine 10.44 <D.L

Guo K. & Li L. Anal Chem. 2009 May 15;81(10):3919-32.



Advantages to Derivitization

Tags can convert non-UV active compounds into UV or
fluorescently detectable cmpds

Tags improve ionization efficiency and lower limit of
detection

Tags permit affinity purification and concentration

Tags make polar molecules hydrophobic, leading to
better LC separations

Tags permit isotope based quantification

Tags greatly increase # compounds detected

Tags allow independent confirmation of “real” peaks
Best route to automated ID & quantification by LC-MS
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Tissue Class
Liver Cardiolipin
Liver Cholesterol Ester

Liver Diacyiglyceride
Liver Free Fatty Acid
Liver Lysophosphatidyicholine
Liver Phosphatidicholine
Liver  Phosphatidyethanolamine
Liver Phosphatidyserinednositol

Liver Sphingomyelin
Liver Total Phospholipid
Liver Triacyglyceride
Plasma Cholesterol Ester
Plasma Diacyiglyceride

Plasma Free Fatty Acid
Plasma Lysophosphatidycholine
Plasma Phosphatidycholine
Plasma Phosphatidylethanolamine
Plasma Sphingomyelin
Plasma Trizcyiglyceride
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Plasmalogen
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Lipid separation

Lipid quantification
FAMES

GC-MS of FAMES
FAMES quantification
Lipid comp. & quant.



What’s Possible

NMR-based metabolomics (~50 metabolites
identified/quantified, uM limit, 500 ulL)

GC-MS based metabolomics (~90 metabolites
identified/quantified, <uM limit, 50 ulL)

DI-MS based metabolomics (160 metabolites
identified/quantified, nM limit, 20 ulL)

LC-MS based metabolomics (300 metabolites
identified/quantified, nM limit, 50 ulL)

Lipidomics (3000 lipids identified and semi-
quantified, nM sensitivity, 1 mL)

www.panamp.ca



The Serum Metabolome

4215
cmpds

NMR+G
(24 cmpds)

NMR

3528 cmpds (45 cmpds

from 4 methods

LC+NMR

(244 cmpds

136 unique
o GC+LC/IGC
(8 cmpds)
GC-
(70 cmpds
36 unique




Conclusions & Trends

Quantitative metabolomics is becoming more the “norm”

Possible to ID and quantify >3000 compounds down to
pM sensitivity

NMR-based quantitative metabolomics

— Depends critically on existence of searchable spectral DBs

— Moving from 1D NMR to 2D NMR

— Becoming increasingly automated or semi-automated

— Moving from purely commercial realm to open source/access
MS-based quantitative metabolomics

— Slower in uptake than NMR-based methods

— Depends critically on existence of searchable spectral DBs

— Depends on having labeled standards for quantification

— More easily done with lipids or lipid classes
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