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Tato akce se koná v rámci projektu: 

Vybudování vědeckého týmu environmentální metabolomiky a ekofyziologie a jeho 

zapojení do mezinárodních sítí (ENVIMET; r.č. CZ.1.07/2.3.00/20.0246) 

realizovaného v rámci Operačního programu Vzdělávání pro konkurenceschopnost. 

  



Ecometabolomics 

 Current cooperation and future challanges of 

cooperation between CREAF and CzechGlobe 

 different methodological approaches 

 NMR x HPLC-MSn 

 comparative ecological and ecophysiological 

studies 

 climatic and geographical gradients 
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global scale 
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 The ecological Stoichiometry 

C:N:P 
stoichiometry 

Organism, Ecosystem  
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Plant-herbivore-predator 

relationships 

Litter  

decomposition 
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Metabonomica 

 
Primary 
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2.Crucial in fisiologic 
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Ecometabolomics 

Seasons (Ontogeny) Plant-Herbivore 

interaction 

Climate Change: Drought & Warming 

Ecosystem - Species 
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ECOMETABOLOMICS 

Metabolits 
Sugars 

Nucleotids Terpens … 



 
Objective 
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Ecosystem - Species 
ORGANISM 
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Metabolites 
Amino Acids 

Sugars 
Nucleotides Terpenes … 

ECOMETABONOMICS 

A. Understand the Relationship between Metabolome and Stoichiometry 

 

B. Study the Effects of Environmental changes on the Metabolome of a 

Species 

 

C. Study the Structure & Function of the Ecosystem by Metabolomics and 

Stoichiometry. 

 

D. Increase the Knowledge of the Ecosystem structure and fucntion by 

Metabolomics and Stoichiometry  
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Ecological Question (first work) 
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 Which are the metabolism of plants affected by: 
 

 Climate Change (Drought, warming, rainfall) 
 

 Phisiology (Structure & function) 
 

 Biodivesrtity or competition 
 

 Ontogeny 

 

 



 
Experimental design 
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Bayreuth (Germany) 
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Bayreuth (Germany) 



 
Experimental design 
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• 2 species (Alopecurus 

pratensis and Holcus 

lanatus) 

 

• Five replications of five 

precipitation treatments. 

Within each precipitation 

treatment six plots (1.5 m x 

1.5 m size) receive different 

warming, winter rainfall and 

management manipulations 

(Figure 1). 

 

• 2 time collect 
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• 2 species (Alopecurus 

pratensis and Holcus 

lanatus) 

 

• Five replications of five 

precipitation treatments. 

Within each 

precipitation treatment six 

plots (1.5 m x 1.5 m size) 

receive different warming, 

winter rainfall and 

management manipulations 

(Figure 1). 

 

• 2 time collect (July and 

September. 
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• 2 species (Alopecurus 

pratensis and Holcus 

lanatus) 

 

• Five replications of five 

precipitation treatments. 

Within each 

precipitation treatment six 

plots (1.5 m x 1.5 m size) 

receive different warming, 

winter rainfall and 

management manipulations 

(Figure 1). 

 

• 400 samples 



 
Sample collection 
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Sample collection 
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2ml 

HPLC/MS 



 
Sample collection 
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Sample collection 
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Sample collection 
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2ml 

HPLC/MS 
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1D-selective & 2D 

NMR experiments 

 
NMR-based metabolic profile 

 



Objective Results and discussion Introduction Conclusions  
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Fingerprinting (Adquisition) 
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 Automation 

 All the samples doing with the same protocol and use 

the nmr-robot to doing the 1H-spectrum. 

 Reproducibility 



NMR- Processing (Topspin & Amix software) 
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-Automatic Fourier Transform 

. Automatic Phase Correction (apks) 

· Manual Phase Correction  (To adjust the symmetry) 

· Base Line Correction (abs) 



Post-Processing 
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• Integrate all spectrum 

(AMIX) 

• Respect to the internal 

standard concentration 

(TSP) 
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MzMine 

 

· Base  Line Correction 

 

· Mass Detection 

 

· Chromarogram Builder 

 

· Chromatogram 

Deconvolution 

 

· Alignment 

 

· Peak Finder 

 

· Export 

Huge databases  

(often more than 8000 variables) 
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   ADVANTAGES   DISADVANTAGES 
 

NMR 
 
 
 
 
 
 
 

LC-MS 

· High elucidation power 
 

· Rapid H1NMR spectra obtention 
 

· High Reproducibility  
(even between labs and 
spectrometers) 
 

· No destruction of samples 

· High sensitivity 
 

· Rapid preparation of Extracts 
 

· Good compound separaton by 
chromatography 
 

· Rapid metabolite assignation 

· Slow elucidation process 
 

· Slow preparation of Extracts 
 

· High overlapping signal 
 

· Low sensitivity 
 

· Low elucidation power 
 

· Slow chromatographic separation 
 

· Sample destruction 
 



NMR  plant Extracts  

(P,  K) 

Elemental 

Analyzer 

(C, N) 

NMR analyses 

DATABASES   

Statistical 

Analyses      

Spectrum Processing 

ICP-OES 

Metabolome determination 

Leaf powder 

LC-MS  plant Extracts  LC-MS analyses Chromatogram 

Processing 

NMR-Ms-Stochiometry study 
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Pre-Processing statistical analysis 
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Statistical analysis 
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Statistical analysis 
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1. PCA  (multivariant ordenation) 

 

1. To help visualize the existence of groups in a or sample set variables. 

 

2. Reduce the number of variables without loss of information, thus 

allowing the application regression methods (ratio sample / regressors). 

 

2. Anova and  lineal regression (univariant) 

 

 



 
Metabolomic-based Answer 
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Metabolomic-based Answer 
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• Differences between the two species 

and between the two seasons of 

sampling 

• Differences between shoots and roots at 

both the metabolic and elemental 

concentration levels  

• PC2 scores show that the variability of 

the metabolome was lower in the root 

samples than in the shoot samples  

 



Metabolomic-based Answer 
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• Shoots and roots of both plant species responded to drought in opposite 

ways  



 Shoots and roots have different metabolomes 

and nutrient concentrations. 

 Shoot metabolome is much more variable than 

the root  

 Roots and shoots respond to drought with 

opposite metabolic changes 
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Conclusions 
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