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Metabolism

* Metabolism = sum of all the chemical processes occurring in an
organism at one time

 Concerned with the management of material and energy resources
within the cell

* Two types of metabolic processes

* Anabolic processes — processes constructing larger molecules from smaller
units (building up)

* Catabolic processes — processes breaking down larger units (degradation or
energy generation)

 Metabolites are both educts and products of metabolic processes

 Enzymes (proteins) usually catalyze these metabolic processes
(reactions)

* A sequence of several coupled metabolic processes is called a
metabolic pathway
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Metabolomics vs. Proteomics

Proteomics Metabolomics
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Metabolome vs. Proteome

* Size and complexity of the metabolome still largely unknown

* Similar to protein sequence databases, there are also metabolite
databases listing all known metabolites (usually contains tens of
thousands of metabolites)

* Differences between proteome and metabolome

* Metabolites belong to wider ranger of chemical compound classes (lipids,
sugars, amino acids)

* Proteins have a more homogenous chemistry (20 proteinogenic amino
acids)

* Metabolites can have complex structures that require a structural formula
for a comprehensive description

* Proteins have a simple, linear structure that can be represented by a
sequence

 Metabolites are light: average metabolite mass a 100-300 Da

* Proteins are heavy: median protein length around 300-500 aa, about 40,000
Da molecular weight
55



Metabolomics Techniques

 Fundamentally two types of approaches

* |dentify only a well-defined subset of metabolites, but those
with higher accuracy (hundreds?)

* All of these metabolites can then be identified

* Try to see as much of the metabolome as possible
(thousands and more)

* Majority of metabolites can be seen
* Only a small fraction will be identified
* Similarly, there is also targeted and non-targeted proteomics

* |In proteomics, the identification problem is less difficult, though,
which is why this distinction is more relevant in metabolomics
(where identification is much harder) 6



Metabolomics vs. Proteomics

* We will restrict ourselves to LC-MS(/MS)-based
metabolomics in this course

* LC-MS can be used for quantification of metabolites in
the same fashion as for peptides/proteins

* Labeled and unlabeled quantification approaches can be
used

* |dentification differs significantly

* Metabolites (in the general case) are not linear polymers, thus
there is no sequence

* Their chemistry is much more diverse and their fragmentation
behavior as well

no search against sequence database, no ion series



Metabolomics vs. Proteomics

* Quantification
* Wide range of chemical structures does not permit a

simple in vitro labeling for arbitrary metabolites (as,
for example, iTRAQ)

* Labeling has to be done in vivo (metabolic labeling)

* Feature detection is complicated

* Frequent occurrence of S, Cl, Br leads to complex isotope
patterns

* Averagine hypothesis does not hold
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Databases

* Metabolomics has to rely on different types of
databases

. — contain structures of
metabolites

. — contain metabolic networks

. — contain information on mass
spectra

* |n contrast to sequencing data, many of the
databases are commercial

* Freely accessible spectrum databases for
metabolites are still rare

10



HMDB

Metabolomics Toolbox MetabolLIMS

Home Browse Downloads Contact Us

Human Metabolome Database version2s }: ;
Search: [Search HVDB Search I [Advanced] h

human metadolome pr 'J,»(v:!‘

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 2.5)
contains over 7900 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 7200 protein (and DNA) sequences are linked to these metabolite entries. Each
MetaboCard entry contains more than 110 data fields with 2/3 of the information bemg devoted to chemlcaI/cllmcaI data and the other 1/3 devoted to enzymatlc
or biochemical data. Many data fields are hyperlinked to other databasa LER_DOE Deo SASEL =L

of structure and pathway viewing applets. The HMDB database s
additional databases, DrugBank, T3DB, SMPDB and FooDB are als
drugs, T3DB contains information on 2900 common toxins and e
disease pathways, while FooDB contains equivalent information on

Database of known human metabolites.
Rich in metadata and annotation, no
mass spectra.

HMDB is supported by David Wishart, Departments of Computing S

hmdb.ca 111



Human Metabolome Database

Metabolomics Toolbox

Human Metabolome Database version2s jgﬁ
Search: | glucose | | Search | [Advanced] h m

human metabolome project

Search Results

Search for "glucose" returned 546 results (only search name and synonyms)

(provious JGl 23415 [6] 7] &]8] 0 11 . 27] 28  next]

Showing 1-20 out of 546 hits

D-Glucose H20 180.063385
HMDB00122 Cetr206

... Cerelose 2001; Clearsweet 95; Clintose L; Com sugar; D(+)-Gliié688; Dextropur; Dextrose; Dextrosol; Glucodin; Glucolin; GIigo88;
Goldsugar; Grape sugar; Meritose; Roferose ST; Staleydex 111...

CDP-glucose Cy5H25N3045P2 565.070984
HMDB03369 b
... 2906-23-2 Cytoplasm (Predicted from LogP) C15H25N3016P2 CDP-glilicose is a substrate for Uridine diphosphate gllicose
pyrophosphatase.
Acetoacetic acid CsHgO3 102.031693
HMDB00060

Anoxia,Diabetes mellitus type 2,Glucose transporter type 1 deficiency syndrome,Ketosis,Meningitis 1485291 3-KETOBUTYRATE Blood;
Cellular Cytoplasm; Cerebrospinal Fluid; Urine 541-50-4 Cytoplasm...

UDP-4-dehydro-6-deoxy-D-glucose Cq5H2oN2045P 548.044434
HMDB 12300 yd xy-D-g 15H22N2016P2
... UDP-4-dehydro-6-deoxy-D-gllicose is synthesized from UDP-gltigese through the enzyme UDP-gliicose 4,6-dehydratase. HMDB12300

Uridine 5'-[3-(6-deoxy-D-xylo-hexopyranosyl-4-ulose ) dihydrogen...

Glucose 1-phosphate CgH30gP 260.029724
HMDB01586 phose

. DBIiiG888-1-phosphate; D-GliiE688 1-phosphate; D-gliicose-1-P; (BIiE68E 1-phosphate; BIESSE 1-phosphic acid; Bliicss

mnnnnhnenhata- 1-nhnanhata: a-N-Gliirnnvrannavl nhnaenhata: a-l

hmdb.ca

12



Human Metabolome Database

3

(3R,4R,58,6S)-6-(hydroxymethyl)oxane-2,3,4,5-tetrol

« Organic

Super Class

« Carbohydrates and Carbohydrate conjugates

Class

« Carbohydrates

Sub Class

« Monosaccharides

Family

« Mammalian Metabolite

Species

« hemiacetal

« primary alcohol

« secondary alcohol

« 1,2-diol

« heterocyclic compound

Biofunction

Application

Source

« Endogenous

g
g

OC[C@H]10C(0)[C@HI(O)Ce@@H](O)IC@@H]10

§

./ hmp HMDB: Showing D-Glucose ( * | @ Mary Ann Liebert, Inc. - Jour * | @ Mary Ann Liebert, Inc. - Hor % | .
C fi © www.hmdb.ca/metabolites/HMDB00122 w2 X
Glref Euni @Domspoc ¥ & = Tmve PRt Dam DTveos G © 9 sara (] Other Bookmarks

€«
Gl biz [ foto

hmdb.ca
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Human Metabolome Database

PAJRRN

| % Mary Ann Liebert, Inc. - Hor %
Other Bookmarks

hmp HMDB: Spectra Search % 2 Mary Ann Liebert, Inc. - Jour %

C f ‘@ www.hmdb.ca/search/spectra?type=ms_search
Glref Euni @Domspoc ¥ & = Tmve PRt Dam DTveos G © 9 sara
MetabolLIMS

€«
biz foto news

Metabolomics Toolbox
Home Browse

Human Metabolome Database version2s

Search: ( Search HMDB ) [ search | [Advanced]

Spectra Search
MS/MS Search  GC/MS Search

MS Search Find Metabolites | [Help]
Database v HMDB = FoodDB ' DrugBank
(+)Positive Mode () Negative Mode( ) Neutral Molecule

Molecular Species
181.07063

MS Search NMR Search

MW (Da) (May enter multiple MW's, one on each line)

Positive Mode example
Negative Mode example
Neutral Molecule example

4
MW Tolerance (+) 0.1 (Da)
Find Metabolites | [Help]

M« S ECEE |
First Prev NHext Last | Rows Dicnlaved | Export XLS
hmdb.ca
14
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Human Metabolome Database

O O O/ hmpHMDB: Spectra Search

€« C ff  ® www.hmdb.ca/search/spectra?type=ms_search

% 2 Mary Ann Liebert, Inc. - Jour % | % Mary Ann Liebert, Inc. - Hor %

3

e

B LY

Glbiz Elfoto [Elnews [Elref GHuni Domsboc ¥ = = Pmnve Pre DaAam TR0 G € 9 sara (] Other Bookmarks

209 results found, displaying 1 to 150 |7 Search | Clear |

Adduct MW (Da) MW Difference (Da)
HMDB ID Common Name Chemical Formula | [Matching HMDB [QueryMass -

MwW] AdductMass]
HMDBO6088 Scyllitol C6H1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDB03345 Alpha-D-Glucose CBH1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDBO01151 Allose C6H1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDB00660 D-Fructose C6H1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDB00516 Beta-D-Glucose C6H1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDB12326 L-Gulose C6H1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDB00346 3-Deoxyarabinohexonic acid C6H1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDB00211 Myoinositol C6H1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDBO0016S D-Mannose C6H1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDB00143 D-Galactose C6H1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDB00122 D-Glucose C6H1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDB03449 Beta-D-Galactose C6H1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDB01266 L-Sorbose CeH1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDB03418 D-Tagatose C6H1206 181.070663 [180.063385] 3.1E-5 M+H [1+]
HMDB02825 Theobromine C7HBN402 181.072006 [180.064728] 0.001373 M+H [1+]
HMDB01889 Theophylline C7HBN4O2 181.072006 [180.064728] 0.001373 M+H [1+]
HMDBO1860 Paraxanthine C7HBN402 181.072006 [180.064728] 0.001373 M+H [1+]
HMDB12883 Adrenochrome o-semiguinone C9H10NO3 181.073349 [180.066071] 0.002716 M+H [1+]
HMDB03269 Nicotinuric acid CBHBN203 181.060776 [180.053457] 0.005857 M+H [1+]
HMDB11751 3-Methoxybenzenepropanoic acid C10H1203 181.085922 [180.078644] 0.015289 M+H [1+]
HMDB12915 Coniferyl alcohol C10H1203 181.085922 [180.078644] 0.015289 M+H [1+]
HMDB01087 5-Methylthioribose C6H12045 181.052902 [180.045624] 0.017731 M+H [1+]
HMDB00707 4-Hydroxyphenylpyruvic acid COHBO4 181.049530 [180.042252] 0.021103 M+H [1+]
HMDB06915 2-Hydroxy-3-(4-hydroxyphenyl)propenoic acid  C9HB804 181.049530 [180.042252] 0.021103 M+H [1+]
HMDB01564 Caffeic acid CSHBO4 181.049530 [180.042252] 0.021103 M+H [1+]
HMDB11663 3-Hydroxyphenylpyruvic acid C9HBO4 181.049530 [180.042252] 0.021103 M+H [1+]
HMDBO1879 Aspirin CSHBO4 181.049530 [180.042252] 0.021103 M+H [1+]
HMDB02130 Monomethy! phthalate CSHBO4 181.049530 [180.042252] 0.021103 M+H [1+]
HMDB03501 3,4-Dihydroxy-trans-cinnamate CSHBO4 181.049530 [180.042252] 0.021103 M+H [1+]
HMDB04076 5-Hydroxykynurenamine C9H12N202 181.097153 [180.0895874] 0.02652 M+H [1+]
HMDB13319 Tyrosinamide C9H12N202 181.097153 [180.089874] 0.02652 M+H [1+]
HMDB00700 Hydroxypropionic acid C3H603 181.070663 [90.031693] 3.1E-5 2M+H [1+]
HMDBO00694 L-2-Hydroxyglutaric acid C5HBOS 181.070663 [148.037170] 3.1E-5 M+CH30H+H [1+]
HMDBO0606 D-2-Hydroxyglutaric acid C5HBOS 181.070663 [148.037170] 3.1E-5 M+CH30H+H [1+]
HMDB01051 Glyceraldehyde C3H603 181.070663 [90.031693] 3.1E-5 2M+H [1+]
HMDB00428 3-Hydroxyglutaric acid C5HBOS 181.070663 [148.037170] 3.1E-5 M+CH30H+H [1+]
HMDB00426 Citramalic acid C5HBOS 181.070663 [148.037170] 3.1E-5 M+CH30H+H [1+]
HMDB01900 Ribonolactone C5HBOS 181.070663 [148.037170] 3.1E-5 M+CH30H+H [1+]
HMDB00150 L-Lactic acid C3H603 181.070663 [90.031693] 3.1E-5 2M+H [1+]
HMDB11676 D-Xylono-1,5-lactone C5HBOS 181.070663 [148.037170] 3.1E-5 M+CH30H+H [1+]
HMDBO1882 Dihydroxyacetone C3HB03 181.070663 [90.031693] 3.1E-5 2M+H [1+]
HMDB01311 D-Lactic acid C3HB03 181.070663 [90.031683] 3.1E-5 2M+H [1+]
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Human Metabolome Database

hmdb.ca

e Show PDF/HTML

Show &

Show &

Show &

| View 2D Structure |

| View 3D Structure |

1A47 &

Show

| View 3D Structure |

Download Spectrum
Download FID (Varian)
Show Experimental Conditions &2

Download Spectrum
Download FID (Bruker)
Show Experimental Conditions &7

Download Spectrum
Download FID (Bruker)
Show Experimental Conditions &

Show Image
Show Peaklist

Show Image
Show Peaklist

Low Energy

Download File

Show Experimental Conditions &
‘Medium Energy

Download File

Show Experimental Conditions &
'High Energy

Download File

Show Experimental Conditions &
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Human Metabolome Database

HMDB00122 (High Energy)

7 Aug 2008
HMDBO0122H
MMDB00122H esp 999

* HMDB contains mass spectra of metabolites,
but data is not downloadable in bulk.

98

Search against the spectra database is only
™ possible through the web interface.

Identification by accurate mass or MS/MS
- spectrum comparison.

35 579

1404

19
1694 %09

30 40 50 60 70 80 20 100 1m0 120 130 140 150 160 170 180 120 200

iz hmdb.ca
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Human Metabolome Database

Spectra Search

MS Search

MS/MS Search

GC/MS Search

NMR Search

NOTES:

below.
** Fields are mandatory

To query the database using spectral pattern matching, upload the MS/MS data file for the metabolite OR paste its content in the textarea box

M ‘ Hnd Metaboutes | M

Citric Acid w Ene: Negative Ion Mode) example

Search By | MS/MS Peaklist Data + |
**MW of Parent Ion 174 (Da)
**MW Tolerance (%) 0.1 (Da)
Instrument Type | Triple_Quad + |
**Fragment Ion Tolerance (+) 0.5 (Da)
CID Energy Level | Low Energy $)
Ionization Mode | Positive 3 |
MS/MS Data File | Choose File | No file chosen
OR
41.400 9.926 NOTES: o N
Content of MS/MS Data File ﬁﬁ?;gg:g?g l%m./z (Da) and relative intensities, RInt
Aconitic Acid w Ene Positive Ion Mode) example 128.847 30.000 ((j lz;m ted b .
Xanthine (Medium Ene Positive Ion Mode) example 172.851 11.912 e y a space (" *). . .
Hippuric Acid (Medium Energy, Negative lon Mode) example 2. m/z and RIMUST contain a decimal.

3. m/z MUST be less than m/z of the parent

ion minus 10 Da.

| Find Metabolites | [Help

18

hmdb.ca
18



METLIN

Scripps Center For Metabolomics
METLIN: Metabolite and Tandem MS Database

MS HOME Overview XCMSOnline Software/Services Metabolomics Science Publications

Database containing a large number
of metabolites (240,000+) and
spectra for those (12,000
metabolites). Permits search of
metabolites via their mass spectra.

\,\ HO, E Hg)‘l:,l 53 3‘:‘;{:
1C A SE|F ik Adlo on AC
PY = UV ER % L Dé XAUBSLE QUL e A
TESTOS C crotRx o[“‘
LY NAMID S S HAN |
T = At s
==!
=
Statistics Functionality
o # Metabolites: 240,516 « Single & Batch
Precursor lon (m/z) searching
« # High Resolution MS/MS Spectra: 61,872
« Single & Multiple
« # Metabolites w/ High Resolution MS/MS: 12,057 Fragment lon (m/z) searching

http://metlin.scripps.edu/ 199



MassBank

A

00O sl MassBank | Statistics x \\ %

€« C ) www.massbank.jp/en/statistics.html *‘ » =

B2 Apps [l biz @ foto @l news Elref EHuni ¥ = = P mve ¥ e @an G B o [ﬂ o O Hs B DOC ™% QRedM e e e
"' MassBank High Quality Mass Spectral Database

£ Database Service il Statistics

ol Statistics H Statistics

Last updated Mar 5, 2014 | Total Number of Spectra: "' 40,889 reuw

T ——
u Publications
Research Groups Prefix Analysis Equipment Number of | Number of
(Contact Name) of ID (Analysis Method) Spectra Compounds

é Download LC-ESI-QTOF (MS2) %2839
01. IAB. Keio U
- P © LC-ESI-QQ (MS2) 4,265 672
> Manuals LC-ESHT (MS2,MS3,MS4) 515
GC-EI-TOF (MS) 241

Q About MassBank

‘ Contact

oot imbEbe: el metadata for these compounds.
‘ 8 Permits search of metabolites via their
mass spectra.

Database containing mass spectra of a
large number of metabolites and

ﬂ Site Map

Q Use Restrictions

http://www.massbank.jp/ 200



mzCloud

/'Z Home About Features

mzcloud.org

Compounds Partners Forum Contact Login

Views v I Reference Library << Spectral Tree
I |caffeine Raw Filtered  Recalibrated
« Compare Results for "caffeine’ X
= Structures No: 339
Libraries v Saffens
Monoiso. Mass: 194,08038
Jreterence Library © , ©Themo
Search 4 \’*)Jj]:") © Thermo
°J\'|‘ ¥ © uc Davis
Search Results 4 O Eawag
@ Thermo
o No: 770
~x n, Isocaffeine
OJ\N N> Monoiso. Mass ]94.08038 ]/2 MS1 Combined Scans #34. 93
I A © Thermo =
Recalibrated Spectrum
100_3 1950877 (M + H]*
mzCloud (currently) o
contains only a very
limited humber of “
. 20 217,0696 ,
metabolites, but very ; v N
° . 0:. . ' 'l
h.lgh qual.lty Spectra A S R ad = N % R A .fo
‘ Metadata

and is growing quickly.

¢ th a (V]
Standard Compare Structures
| Structure CgH, (N0, N
0
~ )j[N/
N
I )
A
I
v 1/2 >
| Precursor structure ~ v
msle

To see precursor structure please
Il select tandem spectrum in Spectral
Tree

21



KEGG

KEGG - Table of Contents

KEGG (Kyoto Encyclopedia of Genes and

|KEGG2 PATHWAY GENES LIGAND KO SSDB EXF

1. KEGG Databases : :
information.

Category Database | Search & Compute DBGET Search
Search objects in KEGG

Pathway |KEGG PATHWAY pathways

information Database AR Color objects in KEGG FATHWANX
|pathways
Search orthologs or gene KO
clusters in SSDB

_Genomlc. KEGG GENES KO Search similar GENES GENES

information Database sequences
Search similar GENOME
lsequences | GENOHE
Search similar compound |COMPOUND
structures ‘
Search similar glycan GLYCAN |

_Chemlca_l KEGG LIGAND RC struc_tures . | REACTION LIGAND

information Database Predict reactions and assign |
EC numbers RPAIR
Generate possible reaction

22

Genomes) contains structural information
of metabolites as well as pathway

http://www.genome.jp/ &g/



HumanCyc

BioCyc Home
Search

Database Search
Advanced Database Search

Help
News

Nov 09 BioCyc 8.6 released
Sep 17 BioCyc 8.5 released
Sep 17 Online Licensing

Services

Software/Data Download
User Support

Subscribe to Mailing List
EcoCyc T-shirts

Information

Introduction to BioCyc
Guided Tour

Encyclopedia ot

- H
;r \ HumanCYC Genuen;Z:d HumanCyc contains a

Metabolism very comprehensive

HumanCyc: Encycloped Szttﬁjvg‘itabom
Genes and Metabolism F&EE

+« Query the HumanCyc database

Authors

Pedro Romero, Markus Krummenacker and Peter D. Karp, SRl
International.

Project Overview

HumanCyc is a bioinformatics database that describes the human
metabolic pathways and the human genome. By presenting metabolic
pathways as an organizing framework for the human genome, HumancC

23



PubChem

PubChem Text Search

PubChem Substance +

PubChem contains

structures and names
of around 30 mio.

PubChem contains the chemical structures of [keel/sleltlale IR aIaliileifpte

molecules and information on their biologicalfuES St &l 1LY
characterized

PubChem Substance: Search PubChem metabolltes
text, e.g. substance name, keyword, synonym,
ID, formula, SID, etc.

PubChem Compound: Search PubChem/Compound
using text terms including name, synonym, keyword,
external ID, CID, formula, etc.

PubChem BioAssay: Search PubChem/BioActivity
database using text terms such as cell name, protocol

24



Database Comparison

DB # cpds # MS? spectra
HMDB (2.5) 41,818 10,869
METLIN (2015) 240,000 62,204
MassBank (2015) ? 40,889
NIST (commercial, 2011) 4,694 ~100,000
mzCloud (2015) 2,091 142,690
PubChem (2015, cpds only!) 63,156,000
METLIN Statistics .
 J— .
" Metabolites with MS/MS .
0. “
@ oo G o

2004 2005 2006 2007 2008 2009 2010 2011 2012
Year

25



Raw Data Repositories

EMBL-EBI Services = Research | Training | About us

M etab O Li g htS Examples: alanine, human, urine, MTBLS1

Home Browse Studies Browse Compounds Browse Species Download Help Give us feedback About

MetabolLights stores
MTBLS1 From UNVERsSITY oF CAMBRIDGE Or.ig.i nal exper.i mental

NMR based metabolomics of Human Type 2 Diabetes urine sa

\‘

data (raw data) and
interpreted data from
metabolomics studies.

MetabolLights Download

MetabolLights is a database for - ) )
Metabolomics experiments and &% Pre-packaged I.SAcreaFor download. To make it easy f(?r new tfsers, Submit a new study
derived information. The please d°W"|°?d and just unzip our pre-packaged ISAcreator with plugin Use this option if your study has not been
database is cross-species, cross- and configurations. submitted before

technique and covers metabolite

structures and their reference

spectra as well as their biological

roles, locations and & Experiments. All public MetaboLights experiments can be downloaded

concentrations, and from our public ftp archive. Please find zip archives under the "studies"

experimental data from folder. Each public studv can be found in the correspondina MTBLS-id

http://www.ebi.ac.uk/metabolights



Raw Data Repositories

Examples: alanine, human, urine, MTBLS1

VietalboLights

Home Browse Studies Browse Compounds Browse Species Download Help Give us feedback About 1. Submit Study ¥ Login

Metabolights > Study

MTBLS17: Utilization of Metabolomics to Identify Serum Biomarkers for Hepatocellular Carcinoma in
Patients with Liver Cirrhosis

& Share Study | £ View all files

Submitted: 11-Jun-2013 ,Release date: 30-Jun-2013
Habtom Ressom

Characterizing the metabolic changes pertaining to hepatocellular carcinoma (HCC) in patients with liver cirrhosis is believed to contribute towards early detection,
treatment, and understanding of the molecular mechanisms of HCC. we compare metabolite levels in sera of 78 HCC cases with 184 cirrhotic controls by using
ultra performance liquid chromatography coupled with a hybrid quadrupole time-of-flight mass spectrometry (UPLC-QTOF MS). Several candidate metabolic
biomarkers for early detection of HCC cases in high risk population of cirrhotic patients are identified using mass spectrum.

Study Design Description Protocols Samples Assay 1 ¢ Assay 2 ¥ Study Files

~Organism(s):

Homo sapiens (Human) Datasets are identified via the
Metabolights ID (here:MTBLS17).

Study Design Description: Metadata for the study describes the
° Hepatocellular carcinoma samples and method employed

o liver cirrhosis

o Liquid Chromatography Mass Spectrometry (here: HCC Study using LC_MS).

27



Raw Data Repositories

4 Data
Show 10 B entries

Expl_CRR_1b_NEG Extraction none

Expl_CRR_3a_NEG Extraction none

For every study there is also
information available on each of the

individual samples/runs (here:
instrument, separation, sample
description).

Chromatography

Chromatography

Chromatography

Filter:

ACQUITY UPLC
Systems with 2D
Technology

ACQUITY UPLC
Systems with 2D
Technology

ACQUITY UPLC
Systems with 2D
Technology

50 x 2.1
mm
ACQUITY
1.7-pym
C18
column
(Waters)

50 x 2.1
mm
ACQUITY
1.7-pm
C18
column
(Waters)

50 x 2.1
mm
ACQUITY
1.7-pym
C18
column
(Waters)

reverse
phase

reverse
phase

reverse
phase

28



Raw Data Repositories

Study Design Description Protocols

Samples

Assay 1

Assay 2 ¥ Study Files

.. Download whole study | .*. Download metadata | [ View all files

List of study files

Type part of a filename and press enter to select. Prefix with ! to deselect.

o o g o o0 o g o0 o040 o000

O

Exp2_CRR_22a_POS.CDF

Exp1_CRR_79b_POS.CDF

Exp2_CRR_2b_POS.CDF

Exp1_CRR_31b_NEG.CDF

Exp2_CRR_12b_POS.CDF

Exp1_HCC_32b_NEG.CDF

Exp1_CRR_82b_NEG.CDF

Exp2_HCC_13a_POS.CDF

Exp2_CRR_32b_POS.CDF

Exp1_CRR_114b_NEG.CDF

Exp1_CRR_61b_POS.CDF

Peaklist EXP1_NEG.xlIsx

Exp1_CRR_78a_POS.CDF

Exp1_CRR_43b_NEG.CDF

Exp2_CRR_37b_NEG.CDF

Usually the raw data for each run/
sample (as acquired on the

instrument) can be downloaded for
(re-)analysis.
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Raw Data Repositories

EMBL-EBI

_ Data can also be browsed by
Metabonghts (identified) compound to see what

Home Browse Studies Browse Compounds Browse Species Download metabOIiteS have been identified by
VetaboLights > Compound search which method (here: MS) or in a
FILTER YOUR RESULTS 291 RESULTS FOUND Certain organism (here: human)'

Technology o "= B
mass spectrometry dUMP (MTBLC17622)
() not reported = )
° 5 R A pyrimidine 2'-deoxyribonucleoside 5'-monophosphate having uracil as the
I /\Q’ - nucleobase
Q=== P =0 .
) (I)N & 707/
Organism e Identified in MTBLS20
Homo sapiens (Human)
[ Alpinia species
(") Arabidopsis thaliana
("] Arabidopsis thaliana (thale cress)
[ Caenorhabditis elegans N N
(") Carthamus oxyacantha Q N ‘ LI' E
Q Cordyceps sinensis NH, 5-methylcytosine (MTBLC27551)
(") Daphnia magna
(") Escherichia coli NE CHy A pyrimidine that is a derivative of cytosine, having a methyl group at the 5-position.
[ Ficus mucuso |
1 HAmA eanianc % Identified in MTBLSZO
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Growth of Metabolomics Data

EMBL-EBI data growth by repository/platform

1E+16
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-
-
-
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—eo— EGA (restricted sequence)
—e— ENA (unrestricted sequence)
—a— ArrayExpress (microarray)
1E+14 L---"~ —g— Metabolghts (metabolomics)
—&— PRIDE (proteomics)

----- 12 month doubling

bytes
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LEARNING UNIT 11C
METABOLITE ID VIA SPECTRAL
MATCHING AND ACCURATE MASS

This work is licensed under a Creat ive Commons Attribution 4.0 International License. ‘@ @ \
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Identification Algorithms

e |dentification by accurate mass

* Given a sufficient mass resolution, the mass alone contains
valuable information on the metabolite

e Usually, these masses are not unique

* Problem: structural isomers are isobaric!

e |dentification through spectrum comparison

Compare the experimental spectrum against other experimental spectra

Requires library of experimental spectra (difficult)

Try to predict fragmentation patterns

Compare spectrum against theoretical fragmentation pattern
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Mass Distribution

50-51 Da
100-101 Da
150-151 Da
200-201 Da
250-251 Da
300-301 Da
350-351 Da

400-401 Da

71
2,180
9,163

23,867
48,909
78,577
112,566

130,737

Limited number of different isotope

masses gives rise to ‘lumpy’

distribution across the mass range.

100.0-100.1 Da
100.1-100.2 Da
100.2-100.3 Da
100.3-100.4 Da
100.4-100.5 Da
100.5-100.6 Da
100.6-100.7 Da
100.7-100.8 Da
100.8-100.9 Da

100.9-101.0 Da

367
1,628
60

10

21

28

21

39
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Mass Distribution
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Isomers
Example: Structural isomers with mass 117.0790 Da, formula: CsH;NO,

287 sizarsel o |Betaine H3C 63884 117.0790| © 4-Methyl.amlnobutyrate NO
) \ Formula:C5H11NO2 o
Formula:C5H11NO2 H.C—N* CAS:1119-48-8
CAS:107-43-7 >y ) \/\)j\
| View H3c O HSC
o-
H.C 117.0790| 0 |4S-aminopentanoic acid NO
6508 117.0790| 0 |N-Methyl-a-aminoisobutyric 3 \NH Formula: C5H11NO2 ©
acid 0 CAS:
Formula:C5H11NO2 .
CAS: | View CH
3
NH2
HO CH
3
6762 1170790 0 [isoamylnitrte NO 117.0790| © 4-amlno-Pentamb acid NO 0
Formula: C5H11NO2
Formula:C5H11NO2 H.C CAS:
CAS: 5 0 o : H;C
\N4
CHy NH2
0]
6902 1170780 0 |s-Aminopentanoic acid 35949 (117.0790| O 2s-amln9-pentamb acid
Formula: C5H11NO2
Formula: C5H11NO2 [o) CAS:
CAS: : H3C
( NHZ
OH NH,
as 117.07%| o0 lLvaline CH3 35940 117.0790 O 4R-amlnv..'»pemanolc acid NO le)
Formula:C5H11NO2
Formula:C5H11NO2 CAS:
CAS:72-18-4 H,C 0 ' H3C
| View
H,N OH
36




Metabolite Masses

* Metabolites have a rather limited mass range (compared
to peptides)

* They cluster mostly in a mass range usually not relevant
to proteomics (proteomics: 500+ Da)

e Most metabolites have between 50-100 atoms and a
mass between 300-500 Da
-

7

. 60 -
n=3060845
7 Average MW=376

MW Stdev=111

75 176 275 375 475 575 675 775 875
Monoisotopic Molecular Weight

Hill et al., Anal. Chem., 2008, 80:5574 37



METLIN MS/MS Search

* METLIN provides search options based on
* Accurate mass
* Return all metabolites matching a specific mass
* Tandem spectra

e Return all metabolites with a matching tandem
spectrum

* As with HMDB, spectra cannot be downloaded in bulk,
image display only
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Scripps Center For Metabolomics
METLIN: Metabolite and Tandem MS Database

Metabolomics Sclence Publications

MS/MS Spectrum Match

Simple | Advanced | Batch | Fragment | Multiple Fragment | Neutral Loss | MS/MS Spectrum Match | Unknown

m/z, intensity

Peaks: |
(MAX: 30 peaks)
EXAMPLE DATA
| | POSITIVE | | NEGATIVE |
Mode: (®Positive () Negative
Collision Energy (eV): [ 20ev + |

Tolerance MS/MS (Da): 0.01

Tolerance Precursor (ppm) o

Precursor m/z 195.0877

| Find Metabolites | | Reset |

Home | Privacy & Terms of Use | Q&A | Contact Us

e



Spectral Library Search

A LC-MS/MS experiment Experimental MS/MS spectra Fragment m/z values
TRy ;
X 'l.'l' ‘.' I |. '.‘,'...
o IO T LRt o
: ".',‘". ot ST e ) l e
b .“ } M ."". '.?’ “'_l shp AR SpeR Ty l
,: AL AL Vi \ S b " Illllillh m IlMl I ||H |
| ”,.'.“'.“.“'i.'u- ‘i‘ O m/z
S e 0 P KOS L L
m/z ¢
Compare Score hits
o 1 Glucose 0.92
572.33 572.33 o
. : e . 2 Myo-inositol 0.78
Library spectra . 8263 56263 )
) e . 3 Sorbose 0.63
/\ B 616.14 616.14
% -
[%]

M‘ “lu/ I ”‘ \‘ ‘§
A m/z

[%]

n‘.n”ll]ll nrdrl .LI. ||’ | ‘§
A

— Fragment m/z lists from library spectra

mimm

40 40

%




Spectral Library Search

e Searching spectra against a library is done with similarity
functions similar to those used in peptide ID (e.g.,
correlation, shared peak count)

* Success of the spectrum depends on similar experimental
conditions:
* |nstrument type
* Instrument resolution
* Fragmentation method and parameters (e.g., collision energy)
e Acquiring a library of spectra requires acquisition of
spectra, which in turn requires the physical ownership of
reference metabolites

* Not all metabolites are readily commercially available

41



Spectral Library Search

* Key issues
* Metabolite spectra often less information-rich than
peptide spectra
* Few readily available (downloadable!) databases of
metabolite spectra

* Coverage of spectra thus much worse than in
proteomics — we usually can identify only a negligible
fraction of the metabolome

* Fragmentation differs drastically between
instruments, depends on collision energy
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RT

A

LC-MS/MS experiment

v

Accurate Mass Search

Experimental MS spectra

[%]

.||.|.l.hllml"|\| Ll

m/z

Metabolite Structures

H,C o
<\N ka M
| —_—
> G
(I:H2

e
C

CH;  CH,
HyC N |
% S
SH OH

Accurate feature masses

m/z 195.0877

v

Compare

Am/z < 9?
!

Hit List

Caffeine

2 Isocaffeine

195.0876
195.0877
195.0882
195.0872
195.0869

M+H
M+NH,
M+Na
M+K
M+ACN+H

Exact candidate masses w/ adducts

Adduct List

43




Accurate Mass Search

* If spectra are not available for a compound, search can
be done

 The metabolite m/z differs from the metabolite
monoisotopic mass:
* |onization adds or removes proton(s)/electron(s)
* Metabolites often appear as adducts

* Addition of counter ions (sodium, ammonium)
* Solvent adducts (acetonitril, methanol)

e Searching each for each compound with multiple
possible adducts increases search space

» Search critically depends on instrument mass accuracy
(recalibration helps)
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Accurate Mass Search w/ METLIN

Scripps Center For Metabolomics
METLIN: Metabolite and Tandem MS Database

MS HOME Overview Search XCMSOnline Software/Services Metabolomics Science Publications

METLIN: Metabolite Search
Simple

Simple (Saved Searches) | Advanced | Batch | Fragment | Neutral Loss | MS/MS Spectrum Match | Unknowns

Mass: 195.0877 METLIN Login
Tolerance (+): 30 ppm %

Charge: Neutral M+H You can use your XCMS Online

Positive M+NH4 login.
Negative M+Na .
M+H-2H20 Simple mass spectrometry data
M+H-H20 processing.

M+K
M+ACN+H
M+ACN+Na Register >
M+2Na-H
M+2H
M+3H
M+H+Na
M+2H+Na *To select multiple Adducts:
m:g::m :f'.f’- Hit Ctrl + Adducts

M+Li . - Hit Command + Adducts
M+CH30OH+H Select: all | none

Current Users:

E-mail:

. (e.g. researcher@scripps.edu)
Remove peptides from search:

Find Metabolites = Reset Password:

Sign In
Forgot your password?

v.cl.1 beta



Accurate Mass Search w/ METLIN

Scripps Center For Metabolomics
METLIN: Metabolite and Tandem MS Database

MS HOME

Overview

Search

XCMSOnline

METLIN

Metabolites

Software/Services

Metabolomics Science

Mass 195.0877 with 30 ppm mass accuracy

Change Query

Total: 18 Metabolites

1455 [M+HJ+ 0 |caffeine HsC N

mz Formula: C8H10N402 \ cH
195.0877 CAS: 58-08-2 N N 3

M
194.0804 View <\ | /g

N N o
|
CH,
o]
85437 [M+H]+ 0 | Enprofyliine NO

m/z Formula: CBH10N402 NH
195.0877 CAS:41078-02-8 R | >

M )\ Y
194.0804 o HN N

CH,
92244 [M+H]+ 2 ||3-[(2-Mercapto-1- NO cH cH

m/z methylpropyl)thio]-2-butanol 3 3
195.0872 Formula: C8H180S2

M CAS: 54957-02-7 H,C CH,
194.0799 s

SH OH

Publications
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Accurate Mass Search w/ METLIN

Scripps Center For Metabolomics
METLIN: Metabolite and Tandem MS Database

MS HOME Overview Search XCMSOnline Software/Services Metabolomics Science Publications

METLIN

Metabolites

Mass 195.0877 with 1 ppm mass accuracy

Change Query

Total: 2 Metabolites

METLN D] WSS [sppm  NAME _|usws STRuoTURE
(0]

1455 [M+H]+ 0 | Caffeine H3C
miz Formula: C8H10N402 \ -
195.0877 CAS: 58-08-2 N N 3
M
194.0804 View <\ | /g
N N o
I

CHj,
o
85437 [M+H]+ 0 |[Enprofyliine NO
m/z Formula: CBH10N402 NH
195.0877 CAS: 41078-02-8 Rl |
M
194.0804

CH,




Accurate Mass Search - Caveats

* Limiting factors are

: big mass error implies huge
search space

: we still search against a
(metabolite structure) database — compounds need to
be known to be identifiable

* |sobaric ambiguities: isobaric metabolites cannot be
distinguished

* Consequence: identified metabolites are validated
again experimentally (standard compounds,
reference spectra) whenever possible
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LEARNING UNIT 11D
FRAGMENTATION TREES

This work is licensed under a Creative Commons Attribution 4.0 International License.
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Fragmentation Trees

* Fragmentation trees are directed acyclic graphs relating the molecular structure

of a metabolite to potential fragment masses

* Fragmentation means breaking bonds in the metabolite

* By systematically and repeatedly breaking all bonds in a structure and its

fragments, one can construct the set of all possible fragments

* Fragmentation occurs preferentially along low-energy dissociation pathways

* Not all fragments will be observed

* Gas phase fragmentation chemistry is more complex
e Rearrangement reactions lead to different structures
* Neutral losses are not covered by this

e Cycles in molecular graphs pose problems
50



Fragmentation Trees

* There are different ways for constructing fragmentation
trees
* Decomposition of molecular structures
* Decomposition of molecular formulas

* The first method requires — and leverages — information
from available molecular structures

 The second approach relies solely on sufficiently accurate
masses

 We will first discuss the approach based on structures as
suggested by Heinonen (2006) and then discuss the
algorithmic strategies of the second approach by Bocker
& Rasche (2008)

Heinonen et al., Proc. German Conf. Bioinfo (GCB 2006)
Bocker & Rasche, Bioinformatics (2008), 24:i49-i55. 51



Structural Fragmentation Trees

Heinonen et al. suggest to start with a molecular graph G = (V, E) where V
represent atoms and E bonds between atoms and decompose this graph by
breaking bonds, i.e. removing edges from G

CHe— € M7 GHe— C

1065
NH, / NH, NH, NH, /
| 348 | | 348 |
CH;—CH—COOH ——»  CHs— CH CHs— CH—COOH —» CH;— CH
696 348
NH, \ NH,
I o

Any connected subgraph of G = (V, E) is a possible fragment that can be formed
from G

More formally:
The fragmentation tree G = (F, E,, c) of G is an acyclic directed graph where

* Fisthe set of nodes corresponding to all fragments that can be formed of G
(i.e., all possible connected subsets E'CE)

e E.isthe set of directed edges from each fragment in F to its subfragments
(i.e., fragments that are themselves connected subsets of a fragment or the
original molecule)

* c: E;—~Rassociates each edge with a cost for forming this fragment

Heinonen et al., Proc. German Conf. Bioinfo (GCB 2006) 52



Structural Fragmentation Trees

* Source molecules can be fragmented in a single step (yielding MS2
spectra) or iteratively until no further fragments can be found
(yielding multiple fragmentations as in MS" spectra)

* The cost function models the likelihood for forming a particular
fragment

e Cost function can be modeled by bond energies (more stable
bonds are more ‘expensive’, less likely to break)

* The best explanation for a tandem spectrum (or for fragment
masses observed across multiple fragmentation experiments)
should thus be the most likely fragmentation pattern

Heinonen et al., Proc. German Conf. Bioinfo (GCB 2006) 53



Structural Fragmentation Trees

* Identification
* Given a spectrum S = (s, ..., s,) with distinct peak masses s,

* Find the lightest connected subtree G;" of G, of the fragmentation tree that
explains all masses s; in the spectrum

* This can be repeated for a set of possible structures and results
can be scored

* The lightest subtree needs to break the fewest/weakest bonds and
still explains all fragments

* Masses are represented by internal nodes as well as leaves of G,

* |t has to be connected, because the ions represented by leaves
cannot be formed if the fragments represented by internal nodes
are not formed
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Structural Fragmentation Trees

* Heinonen et al. suggest that lightest fragmentation trees can be
found using mixed integer linear programming (MILP) — for details
see their paper

* They tested the method on a small set of metabolite spectra

* For the majority of metabolites, their method could explain
80-90% of the fragments

* Their method was not used to perform a thorough identification
benchmark, though
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Compositional Fragmentation Trees

 Heinonen’s structural fragmentation trees are the metabolomics
equivalent of protein database search: a set of structures is
fragmented and theoretical fragmentation trees can then be
compared to an experimental spectrum

 Compositional fragmentation trees can be used in a way similar to
de novo identification in proteomics

 The idea is based on the concept of mass decomposition

* A fragment/molecule mass has to correspond to the molecular mass of an
existing chemical structure
* It thus has to correspond to the sum of integer multiples of atomic masses

* Given a mass measurement accuracy5, each measured fragment mass m.
has to satisfy

m-0 <3, a,¢< m+§
for monoisotopic atomic masses a; of all elements involved and c,€N,

* Coefficients c, define the composition of the fragment/molecule, i.e. its

chemical formula (hnumber of atoms of each element)
56



Rapid Mass Decomposition

* Given a fragment mass m, and monoisotopic atomic masses
corresponds to an integer knapsack problem (‘find all possible
ways to pack the atoms into a knapsack such that it has the
required fragment mass’)

* Given a limited set of elements (CHNOPS), one can easily
enumerate all possible compositions for a given mass (e.g., using
dynamic programming, but more efficient solutions exist)

 For CHNOPS, there are about 700 mio. different compositions with
a mass below 1,000 Da (Bocker et al., 2006)

* Given a sufficient mass accuracy (1-2 ppm), it is usually possible to
uniquely identify the composition of a molecule

* Accordingly, it is possible to reconstruct the compositions for
fragment ions

Bocker et al., WABI 2006, LNBI 4175, pp. 12-23, Springer, 2006 57



Compositional Fragmentation Trees

A compositional fragmentation graph is then constructed from
the observed masses m; of fragment ions and the molecular mass
M obtained in a set of experiments

* A composition ¢ = (cy, ..., ¢,) (molecular formula) of a fragment is
kept for a mass, if it is a submolecule of the metabolite
composition C=(C,, ..., C,), i.e. if

c; <C; V1 <i<k

* The compositional fragmentation graph G4V, E) is then a directed
acyclic graph with nodes representing each possible composition
of any of the fragment masses in the spectrum and the mass of the
original metabolite

 Adirected edge (u, v) is inserted if node v represents a
submolecule of the fragment represented by node u

 Each node is assigned a color based on the mass its composition

was derived from
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Compositional Fragmentation Trees
P

N\—

-

Rel. intensity [%]

m/z 414.156
Int.: 9.8 %

0
8
6
4+
2
0

CE: 35 eV
c22H24No7

m/z 396.144 s

Int.: 4.8 % :
CE: 35-70 eV CataNOs

>
CapHayNO7
m/z414.155 98%
0.6 ppm 35eV

CHsN

score 7.3

score 5.8

F F
[szszNOea (021H19N07)
m/z396.144 4.8% m/z383.113 0.7%
m/z 365.102 28ppm  35-70eV 04ppm  35-70eV

Int.: 5.4 % CH5N HZO

CE: 35-70 eV score 7.1 score 6.8

¥ B
[CmHﬂoe ] [szHzoNosj
m/z365.102 54% m/z378.134 0.7%
19ppm 3570eV 09ppm 3570eV

score 4.6

CO

score 16.5

A

T

l C12H14N03 l
m/z 220.097 100 %
22ppm  35-70eV

CoH,N

score 4.5

m/z 179.070 Score < 0
Int.: 0.8 % ———————— > 0<Score<5 CioH1103
CE: 35-70 eV — P> 5 < Score < 10 m/z 179070 0.8%
——————— Score > 10 37pom 35706V

Rasche et al., Anal. Chem., 2011, 83:1243-1251



Compositional Fragmentation Trees

* Notes:

* Nodes represent compositions and thus
many nodes may represent the same peak

* Multiple nodes can thus have the same color

* The graph is transitive: (u, v), (v, w) €EE also
implies (u, w)€ E

* Information from multiple spectra (MS" or

MS? at varying collision energies) can be
freely combined

Rasche et al., Anal. Chem., 2011, 83:1243-1251

o
° \ N o
g L CHs
2
3
Lot ‘
0O LI
0 100 200 300 400
Mass [m/z)
CZOHZONOS
m/z354.134 64%
CHgN H,0
C20H18N()4
m/z336.123 8.0%
C40HgO» CgHgO,

C, H,(NO C11H;oNO3
10°°10 2 /z 188.071 _0.09%
/2 176071_025% Z >

CH,

C1gH130;

m/z 293.081  1.5%

Ci7H4104

m/z279.065 0.21%

C.H, H;0

o
CisH110;, CigHy103
miz 267.065 0.11% m/z 275.070 47.8%

CoH, o

CoH, 0% Ci7H410z
m/z 163.039 0.48%

m/z 247075 1.8%

CHy 7Hy)
-
- CroHoO% C11H 0z
CgHs03 107902 ) ,
2 173,060 0.84%
/2 149.023 0.24% 2 161.080,_084%
CyH, H,0

-
G Og CyoH,0
miz 135044 1.3% m/z143.049 0.19%
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Compositional Fragmentation Trees

1201 166Da (35eV, MS?)
100
166.1
2 10
g 1310
o 149.0
=
2 1A
1031
CgHg0, C;H,0 107.0
149.0Da 107.0Da ] 1481
o1 9L I |
J\f I 1 |} I 1
0 90 100 110 120 130 140 150 160 mass (Da)
120Da (60eV, MS?)
100
"? 104
w
c
]
£
2 1
9Ll
0.1 '107.0
]
OJ\/ 9I0 l(l)O 1{0 120 1;0 1AI10 11!',0 1%0
CgH; - > mass (Da)
931Da 103.1Da o>

Scheubert et al., RECOMB 2011, LNBI 6577, pp. 377-391, 2011
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Maximum Colorful Subtree

* Assumption

* Every peak is explained by a single molecular fragment
* This implies, that a valid fragmentation tree

* is a subtree of the fragmentation graph and

e contains at most one node of each color

* We can define a colorful subtree T = (V;, E;) of a vertex-colored
DAG G as a subtree of G which uses each color at most once

* If we are given edge weights that correspond to fragmentation
probabilities, we can try to identify the most likely fragmentation
tree

e This corresponds to finding the maximum colorful subtree, i.e. the
colorful subtree of G with the maximal weight
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Maximum Colorful Subtree

Finding a maximum colorful subtree is in general NP-hard even for
unit weights

Bocker & Rasche show this by a reduction from SAT

Accordingly, standard methods for solving NP-hard problems have
been applied

* Branch & bound

* FPT algorithms (fixed-parameter tractable)
* Dynamic programming

* Heuristic solutions

All these methods yield good solutions for the identification of
fragmentation trees and can be used to identify metabolites

Notes

* Identification of the chemical formula does not yet uniquely identify the
metabolite!

e Structural isomers still have the same chemical formula
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Sirius?
e Sirius? is a software solution implementing fragmentation tree approaches for

metabolite identification developed by Sebastian Bocker’s group in Jena

* |t permits the calculation of theoretical fragmentation trees from sets of spectra
and a scoring of fragmentation trees against spectra and structures

 The scoring is based an a modified Bayesian formulation for fragmentation trees

000 Sirius | FragmentationTree
File Edit Run Jobs View Tools Help
<> (@] N & *
View FragmentationTree Molecules Spectrum Groovy Shell Jobs
[ Import { Q~ S
ID Name Formula Size Score Created Modified

49 4-hexosyl... C18H27NO8 6 2235 FriJan 20 1... FrijJan 20...
69 cysteine.dot C3H7NO2S 8 30.286999... FriJan201... FrijJan 20..

2 Elements / 0 Selected

http://bio.informatik.uni-jena.de/sirius 64



Sirius?

000 Sirius | FragmentationTree Viewer [ cysteine.dot ]
File Edit Run Jobs View Tools Help

(. - ~

Pt e preree)

C3H7NO2S
121.02Da
8323.022ppm

C3H5NO2 C3H402S C2HSNS
87.032Da 103.993Da 75.014Da
11570.12ppm 9681.393ppm 13433.844ppm

H20

2.496
C3H3NO C3H20S C2H3N C2H2S
69.021Da 85.983Da 41.027Da 57.988Da
14597.43ppm 11715.9ppm 24556.075ppm 17370.557ppm

)= =

Rasche et al., Anal. Chem., 2011, 83:1243-1251
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