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Metabolomics: Is youngest an ‘omics’ approach that aims to analyse

all metabolites in a biological sample comprehensively and is also focuse to
study of chemical processes involving metabolites. Metabolomics represents the
exhaustive profiling of metabolites contained in organism.

Metabolom: The complete complement of small molecules present in an
organism. Represents the collection of all metabolites in a biological cell, tissue,
organ or organism, which are products of cellular processes.

Metabolomic profilling: Identification and quantification of the metabolites
present in an organism. Is a fast growing technology and is useful for
phenotyping and diagnostic analyses of plants. The objective of ‘non-targeted’
metabolic profiling analysisis to describe metabolic events in plants by
determining all detectable metabolites.
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METABOLOMICS
Information Flow in Biology
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Genomics
Transcriptomics

Proteomics

Metabolomics

Metabolites
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Classification of Endogenous Metabolite Analysis

Metabolite Metabolite Metabolic
target analysis profiling Metabolomics fingerprinting

s

0. Fiehn Comp. Funct. Genom. 2 (155- 168) 2001, Plant Mol. Biol. 48 (155- 171) 2002
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Extraction and analysis of metabolites

e Major components present at mM conc.
- Salts, sugars

e Minor components present at nM conc or less
- Vitamins, metabolic intermediates

<  More non-polar More polar | >
Lipids Carotenoids | Phenolics Alkaloids Sugars
fatty acids | Steroids alcohols Organic acids Nucleotides
Organic
amines
Waxes flavenoids Catecholamines | Nucleosides | Metals
Terpenes Polar organics | Amino acids | Salts
volatiles Ionic
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LC/UY

GC/MS

LC/MS

LC/LLF

CE/L.LF

sranda kdecoje.cz

Comparing the relative sensitivities
of various metabolomic tools

»NMR has rapid analysis times but
suffers low sensitivity- the tip of the
1ceberg.

»GC-MS and LC-MS provide good
selectivity and sensitivity.

»CE-LIF  provides  very
sensitivity but lower selectivity.

high

Adapted from: Summer LW et al
Phytochemistry 2003, 62: 817-836
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The Complete Metabolomics Solution
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Triple Quadrupole
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Quad Mass Filter (Q1) Quad Mass Filter (Q3)
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Lens 1and 2 Collision Cell Detector

Rough

' Tu
Pump Single 3-stage Turbo Pump

rbo
1 . http://www.youtube.com/watch?v=-iILt W6 XOMmw
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Triple Quadrupole
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Mods of MS:

SCAN-full scan

SIM-selected ion monitoring

Pl-product ion

M RM_mUItlple reaction monltorlng Figure 8 Conceptual model of a triple quadrupole mass spectrometer:

With SIM, MS1 (Q1) and MS2 {Q3) are set at a single m/z,
etc while with Full Scan MS/MS, MS1 (Q1) is set at a single m/z
) and MS2 (Q3) is scanned.
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The pros and cons of Triple Quadrupole

INVESTICE DO ROZVOJE VZDELAVANI

+ sensitivity - low resolution
+ good for validation (selectivity)
+ low backgrounds in - not useful for
MRM mode non-target analysis
+ good for target
analysis
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| QTOF
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Quadrupole — TOF Mass Spectrometer (MS/MS)

I
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The pros and cons of QTOF
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+ higher resolution than triple sensitivity is lower than

guad (higher selectivity) triple quad
+ useful for fast - low temperature stability
chromatography (UHPLC) (dilatation of time of flight
+ faster SCAN time than tubes) lose resolution
Orb'}frT? - MS/MS/MS isnt possible
+ useful for non-target .
analysis - Iower resolution than
: : orbitrap
+ more mass libraries _
compare to mass libraries - lower resolution for low
for orbitrap m/z
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e Orbitrap

<«—— ETD cabinet
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Orbitrap

Analyzer

Linear 1ontrap

CTQ

Forepumps
cabinet
LT XL Orbitrap ETD Module
I | Quadrupola
APl lon Sourca LinearlonTrap ~ Mass Filter C-Trap HCD Collision Call  Transfar Multipole Raagent lon Source
()

e, 1 . -

e el

g
Crbitrap Mass Analyzar @% :
http://www.youtube.com/watch?v=KjUQYuy3msA sl
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The pros and cons of orbitrap

+ higher resolution than triple - sensitivity is lower than
quad and QTOF (higher triple quad
selectivity) for lower m/z - slower SCAN with high
+ robustness and stability resolution (combination
useful for non-target with fast chromatography
MS/MS/MS UHPLC is not suitable)
- lower resolution than
QTOF for higher m/z
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LABORATORY of METABOLOMICS of CZECHGLOBE
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Gas chromatography coupled to mass spectrometry (GC-MS)

— for broad-spectrum screening of volatile (terpenes and essential oils) or
easily derivatisable metabolites (e.g. free fatty acids, phenolics, steroids,
alkaloids, most amino acids, mono-, di- and trisacharides, sugar and
alcohols)

HPLC coupled to mass spectrometry (HPLC-MS, UHPLC with DAD and
HRMS)

— non-volatile metabolites (amino acids, sugars, organic acids, alkaloides,
phytosteroids, organic amines, nucleosides etc.)

Eelmental analyzer for determination of C/N/S content
Weight isotope detector for the assessment of stable isotope ratio (irMS)
Thermogravimetric analyzer (connected to GC)
— studies of dynamics and structure of soil-organic-matters (SOM),
Raman spectrometer + FT-IR

— spatial distribution of organic substances in leaves, wood parts of plants
(e.g. pigments, alkaloids, sugars, protein fractions, etc.),
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The Center for Ecological Research and Forestry Applications (CREAF)

Permanent sites
a. Garraf, Mediterranean shrubland b. Prades, Mediterranean forest N M R I abo rato ry

¢. Montseny, Wet temperate beech forest d. Meranges, Alpine forest

K

Data bases

Labs

HPLC, GC, PTR, NMR...
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LC-MS Accela Fleet
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Methods

« Saccharides (spectrophotometry)

* Chlorophylls (spectrophotometry)

* Ergosterols (GC/MS)

« FA: fatty acids (GC/MS)

« Terpens (GC/MS)

« Metabolomic profiling (GC/MS)

* Drugs, Cytostatic on nanoparticles (HPLC/HRMS)
* PANHSs, Pigments (HPLC/HRMS)

» Metabolomic profiling (amino acid, sugars, phenolic compounds,
etc.) (HPLC/HRMS)

« Mass Library (300 standards)
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Quercus ilex (Drought-Herbivorism)

Rivas-Ubach, A, Gargallo-Garriga, A . Sardans, J., Oravec, M., Pérez-Trujillo, M.,
Ogava. R, Urban, O, Pefiuelas, I. (ORDRE DELS AUTORS (I POTSER NOMS)

ENCARA PER DETERMINAR)
Abstract.

Introduction

Drought, one of the most important factors promoting climate change, which is
predicted to increase in the following decadesin several regions of the world such as the
Mediterranean basin (IPCC, 2007}, is a potential driver of shifts the elemental C:N:P-K
stoichiometries of different plant organs and ecosystems (Sardans et al | 2012 PEES,
Rivas-Ubach etal . 2012 PNAS, Sardans et al . 2012 Functional Ecology) and this way
end up affectingecological processes and finally the ecosystem structure and function
(Elser et al , 1996 BioScience; Stemer and Elser 2002; Sardans et al_, 2011

Biogeochemistry). Even though N and P have been the most studied elements in the

B s L L~ NSRS [ s PRV, Fals T L RIS [P L A
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Thank you for your attention

Tato akce se kond v rdmci realizace projektu COPPICE - Vymladkové lesy jako produkéni a biologickd alternativa budoucnosti —
CZ.1.07/2.3.00/20.0267. Tento projekt je spolufinancovan Evropskym socialnim fondem a Statnim rozpoétem CR.



