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•• History of  temporal sucession of effortsHistory of  temporal sucession of efforts
•• Different tools, different use efficienciesDifferent tools, different use efficiencies ……
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Metabol omics ““...the ...the complete set of metabolites/lowcomplete set of metabolites/low--molecularmolecular--weight weight 

intermediatesintermediates, which are context dependent, varying according to the , which are context dependent, varying according to the 

physiology, developmental or pathological state of the cell, tisphysiology, developmental or pathological state of the cell, tissue, organ or sue, organ or 

organismorganism…”…” OliverOliver 20022002

Basic glossary about MetabolomicsBasic glossary about Metabolomics

Metabolic profiling ““...identification and quantification of a ...identification and quantification of a selected number of selected number of 

prepre--defined metabolitesdefined metabolites, generally related to a , generally related to a specific specific metabolic pathwaysmetabolic pathways

Metabolic fingerprinting “ hight-throughput, rapid, global analysis of samples 
to provide sample classification. Quantification and identification are generally 

not employed. 



200 000 metabolites are estimated to exist in the plant kingdom
probably ~20.000 metabolites per plant

Overview



m/z = massm/z = mass --toto --chargecharge --ratioratio

Unitless ratio of mass number to charge z

12C1H4
1+ � m/z = 16.03113/1= 16.03113

13C1H4
2+ �� m/z = 17.0346/2= 8.5173

Output from the GC, HPLC, CE,Output from the GC, HPLC, CE, ……
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The Mass Spectrum
Masses are graphed or tabulated according to their 

relative abundance.

=>



Inlet Ion
Source

Mass 
Analyzer Detector

Data
System

High Vacuum System

MALDI
ESI (LC)ESI (LC)
FAB
LSIMS
EI (GC)EI (GC)
CI

Structure of a mass spectrometerStructure of a mass spectrometer

SoftSoft ionization: variabilityvariability in fragmentation

HardHard ionization: uniformityuniformity in fragmentation

PoorPoor spectral libraries � “hard” to identify 

Very richrich spectral libraries � “softsoft ”” to identify



Typical reactions electron impact
Tipical reactions in na Tipical reactions in na ElectronElectron --ImpactImpact ionization (GCionization (GC --MS; MS; ““ hard)hard)



GCGC--MSMS

=>

• Persuade the molecule to enter the vapor phase (derivatization)

The more developed tool for metabolic profiling



Extraction Protocol for Metabolic profiling of leavesExtraction Protocol for Metabolic profiling of leaves

From Lisec et al. Nature Protocols. 2006



Robotic derivatisation & full extract injectionRobotic derivatisation & full extract injection

step reaction ovens: methoximation, silylation

2 robotic arms: 1 µL, 100 µL

internal standards: RI, ribitol (or stable isotopes)

Retention index markers are mandatory. 
GCTOF: FAMEs
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GC operation for our metabolic profiling protocolGC operation for our metabolic profiling protocol

230oCSample �Gas phase

He
2 ml/min

Injection

Heated
inlet

Oven

250°hold

Condensation
Increase concentration/volume 

����Narrow peaks

Cromatographic separation

Molecule separation

Equilibration with ionization

Source temperature of MS

Total Ion Total Ion 
ChromatogramChromatogram



Timeline of standard operating procedure.Timeline of standard operating procedure.

�Sampling + extraction + derivatization takes <  50% of the time,

�comprehensive data analysis: 2-5 days

�Manual inspection of chromatograms: 5 days: despite automatic algorithm, manual control  is a highly 

advisable quality control

Estimated amount of time from collecting 50 biological samples to final results









Uses of metabolic profiling to study metabolism in p lantsUses of metabolic profiling to study metabolism in p lants

Descovery of silent phenotypesDescovery of silent phenotypes

Large dataset produced by metabolic profiling analysis +multivariate analysis
� Dicovery of a phenotypeDicovery of a phenotype
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Roessner et al. (2001) Plant Cell 13

Several transgenic produced with increased levels of sucrose degradation:
Enzimatic methods � similar phenotypes: low starch, high hexoses-phosphates...

Uses of metabolic profiling to study metabolism in p lantsUses of metabolic profiling to study metabolism in p lants



• Fiehn et al. - GC-MS quantifies 326 
distinct compounds in Arabidopsis 
thaliana leaf extracts 

Fiehn O et al. 2000 Nature Biotechnology, 18, 1157-1161.

Uses of metabolic prolfiling to study metabolism in plantsUses of metabolic prolfiling to study metabolism in plants



LCLC--MSMS
Main uses:Main uses:

• to those analytes not amenable to GC-MS
– Bigger molecules (>700 daltons) � non volatile
– Unstable molecules: sugar phosphates, nucleosides, electron carries...

Major analytical plataforms:
LC- triple quadrupole, LC-Q-TOF, ...

Actual significance:
analytical field with the more proeminent development



Amino acids
Alanine
Arginine
Asparagine
Aspartate
Glutamate
Glutamine
Glycine
Histidine
(Iso)leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tryptophan
Tyrosine
Valine
Amino acid 
derivatives/precursors
Citrulline
Homoserine
Ornithine
S-Adenosyl-l-methionine
Nucleoside bases
Adenine
Guanine
Hypoxanthine
Nucleosides
Adenosine
Cytidine
Deoxyadenosine
Guanosine
Inosine
Thymidine
Uridine

Nucleoside monophosphates
AMP
CMP
Cyclic-AMP
damp
Dcmp
dTMP
GMP
IMP
UMP
Xanthosine-5-P
Nucleoside di/triphosphates
ADP
ATP
CDP
CTP
dTDP
TTP
UDP
UTP
Carbohydrate 
derivatives/precursors
3-Phosphoglycerate
d-Hexose-P
d-Rib(ul)ose-5-P
Fructose-1,6-bis-P
Glucosamine-6-P
Glycerate
Phosphoenolpyruvate
Trehalose
UDP-d-glucose
UDP-N-acetyl-d-glucosamine

Vitamins and derivatives

Biotin

Carnitine

Folate

Nicotinamide

Nicotinate

Pantothenate

Pyridoxine

Riboflavin

Thiamine

5-Methyl-THF

7,8-Dihydrofolate

Thiamine-P

Carboxylic acids

Acetoacetate

Citrate

Fumarate

Malate

Oxaloacetate

Succinate

Aconitate

-Ketoglutarate

Redox-electron-carriers and precursors

FAD

FMN

NAD+

NADH

NADP+

NADPH

Oxidized glutathione, Reduced glutathione

Quinolinate

Bajad et al, 2006

Metabolites quantifiedMetabolites quantified
In E. coli using aIn E. coli using a
LCLC--triple quadrupoletriple quadrupole



Example of better performance of 
metabolomics over

Transcriptomics por phenotype discovery.

General rule or particular case??

Transcriptoma

Metaboloma



Sulphur deprivation: Integrated analysis of transcriptome and metabolome

Depending of the case, integrated 

analysis of transcriptome and metabolome

Improve phenotype description



Phenotype discrimination using metabolomic and prot eomic dataPhenotype discrimination using metabolomic and prot eomic data

WT + luz
WT + escuro
PGM + luz
PGM + escuro

Exemple of the need to develop 
more bioinformatic tools. 



Coexpression analysis  Coexpression analysis  in plantsin plants
�������� systemic gene expression networksystemic gene expression network



Gutierrez et al, 2008Gutierrez et al, 2008



Fatos atuais:

�Tecnologias em rápido desenvolvimento: grandes avanços nos analisadores de 
massa, aumento das sequências em bibliotecas

Desafios atuais:

�Apenas um pequeno número de metabólitos (1000/20000) pode ser detectado e 
separado com confiança, mas grande quantidade destes (60%) sem determinação de 
sua natureza química (fórmula química)

�Dificuldade de compreender grande quantidade de informação sobre alterações do 
metabolismo sem ter uma visão do controle e interação entre diferentes rotas

�Ausência de bibliotecas para LC-ESI-MS

Resultados importantes já demonstrados:
- Capacidade de detectar fenótipos silenciosos
- Capacidade de distinguir fenótipos ou efeitos semelhantes antes considerados 
semelhantes
- Seu uso em conjunto com transcriptoma e proteoma permite uma análise sistêmica 
da biologia e geração de  inúmeras hipóteses de trabalho
- Geração de um conjunto muito importante de informações para entender a 
regulação do metabolismo e o papel dos metabólitos como parte de uma rede de 
sinalização



Our basic infraestructure:Our basic infraestructure:

� 5 greenhouses (1 for transgenics), and almost all equipment needed for basic
Physiological characterizations: IRGAs (3), fluorometers (2), image fluorescence
High resolution infrared camera, Scholander pumps, osmometer,etc

-Very good analytical equipment for metabolomics and proteomics
-Two tissue culture labs molecular phisiology lab (real time PCR, nanoHPLC, elisa 
-readers...), ecophysiology lab, plant nutrition-metabolism lab, plant development, post-
harvest labs, 



��Nova biologia ainda em sua infância. Nova biologia ainda em sua infância. 
��Descobrir a funDescobrir a fun çção dos genes em larga escala, futurismo ainda hoje.  ão dos genes em larga escala, futurismo ainda hoje.  

��HHáá um rico acervo de informaum rico acervo de informa çções nos bancos de mutantes, bancos ou ões nos bancos de mutantes, bancos ou 
publicapublica çções de transcriptoma, proteoma e metabolômicas aind a não exploraões de transcriptoma, proteoma e metabolômicas aind a não explora dosdos

Ultimas palavrasUltimas palavras

ObrigadoObrigado


