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Metabolites

§ Metabolites are the molecules of the metabolism

§ Specific metabolites can be potential 
biomarkers of diagnosis or prognosis, or 
targets for treatment

§ It is estimated there are around 300,000 
metabolites in humans

Dumas, ME., Mol Bio Syst (2012)
Fiehn, O., Nat Biotechnol (2000)

§ The metabolome is the entire set of 
metabolites in an organism

§ Metabolomics is the science that studies the 
metabolome



§ Metabolomics was the last “omic” technique 
developed for biomedical research

§ Any phenotype can be described by the 
collection of metabolites and their levels 
in the organism

§ As a result, any pathology would present 
specific alterations of some metabolites

§ The best example of this is glucose for the 
diagnosis of diabetes

Villaseñor, A., Clin Exp Allergy (2017)
Mastrangelo, A., Curr Top Med Chem (2014)

Metabolomics



Untargeted
(metabolic 

fingerprinting)

Targeted

ü Studies differences in metabolite 
relative abundances between groups

ü Ideal for finding novel biomarkers
ü Understand biological processes
ü No previous knowledge or hypothesis 

needed

ü Accurate quantification of a limited set 
of metabolites

ü Needs previous knowledge

Whole 
metabolome

Villaseñor, A., Clin Exp Allergy (2017)

Types of strategy in metabolomics



Metabolic 
profiling 
analysis

(non-target):

Relative 
abundance

~100s biomarker 
candidates

Other platforms
(immunoassays/ 

microships/ 
routine lab-test)

Biomarkers 
panel

Target analysis:

Accurate 
quantification

~10 confirmed 
biomarkers

Generate 
Hypothesis

100’s

>100

1000’s

4-10

Clinical 
Validation

Samples: 20’s

Metabolies: 
10.000’s

Analytical 
Validation

Potential 
targets for 
new drug 
treatments

Antecedentes. Flujo de trabajo Workflow for biomarker discovery in metabolomics



High Performance
Liquid Chromatography

(HPLC)

Gas chromatography
(GC)

MS related techniques used in metabolomics

Capillary electrophoresis
(CE)

Separation technique Detection technique

Quadrupole Time of 
Flight (Q-ToF)Single quadrupole

Gives a Retention Time (RT) Gives a mass/charge ratio (m/z)

RT + m/z=Describes a specific metabolite



Gas Chromatography coupled to Mass Spectrometry (GC-MS)

Adapted from Ruperez J.

(30-50 m)

Ø GC- MS is mainly used to study volatile metabolites

Ø Metabolites are separated depending on boiling 
points: The smaller boiling point metabolites exist first



Impact Chamber

Electron beam
70EV

Possible fragments detected

Volatile
metabolites

Ion source in GC-MS: Electron Ionization (EI) 
Metabolites are broken 
in the impact chamber

Typical GC-MS chromatogram of a plasma sample



Advantages & Disadvantages of GC-MS

ü Good separation of complex mixtures

ü High precision

ü Robust

ü Ideal for volatile samples such as exhaled breath

ü Existence of extensive databases (used since 70s)

ₓ Complicated sample treatment in order to 
make compounds volatile (Derivatization)



https://www.youtube.com/watch?v=W-DRL-V2Rkg

Liquid Chromatography coupled to Mass Spectrometry (LC-
MS)

https://www.youtube.com/watch%3Fv=W-DRL-V2Rkg


ü Great coverage of metabolites detection (from small 
polar molecules (Aa) until big non polar molecules 
(triglycerides)

ü High mass accuracy

ü Robust

ₓ Identification of compounds in a non 
targeted study is very complex

ₓ Laborious data treatment

Advantages & Disadvantages of LC-MS



Capillary electrophoresis coupled to mass spectrometry (CE-
MS)

Godzien, J; et al The Handbook of Metabolic Phenotyping (2019)

Ø Ideal technique for very polar compounds

Ø Separation Works as any other electrophoresis 
experiment (e.g. DNA or protein agarose gels)



ü Small volume required

ü Sample preparation is minimal for polar samples such 
as urine or tears

ü Separation of ionic and polar compounds

ₓ Lower sensitivity than LC-MS: Injection of nanolitres of 
sample

ₓ Complex identification: Only possible by using 
commercial standards and in Ion Source fragmentation

Advantages & Disadvantages of CE-MS



Liquid Chromatography coupled
to Mass Spectrometry

(LC-MS)

Metabolites in solution
with a full range of

polarities

Capillary Electrophoresis coupled
to Mass Spectrometry

(CE-MS)

Polar metabolites

Gas Chromatography coupled
to Mass Spectrometry

(GC-MS)

Volatile metabolites

More analytical techniques = More information

LC-MS, GC-MS and CE-MS are complementary



Untargeted
(metabolic 

fingerprinting)

ü Studies differences in metabolite 
relative abundances between groups

ü Ideal for finding novel biomarkers
ü Understand biological processes
ü No previous knowledge or hypothesis 

needed

Whole 
metabolome

Villaseñor, A., Clin Exp Allergy (2017)

Types of strategy in metabolomics



Data pre-processing

o Typical metabolic 
profile 

o Underneath, the 
profile contains 
metabolites

o Each metabolite is 
characterized by:

Mass: 543.3390 
RT: 2.37 
Area: 61109428



Assessing quality of data measurements: Filtering unreliable metabolites

q Different filters are applied to assure the quality of the data:

§ Remove features in the blanks
§ Remove metabolites that have high coefficient of variation (>30%) on Quality Control samples (QCs)
§ Remove metabolites that are not present in a sufficient number of samples (depends on experimental setup)

q * If concentration of the samples is different (e.g. in urine samples) normalization of data will be needed
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Multivariate analysis: PCA

q Principal Component Analysis (PCA) is a blind no supervised analysis

q PCA looks for the similarities between samples

q It is used to observe patterns, clustering and outliers in your samples

Disease group

Healthy controls



Multivariate analysis: PLS-DA

Disease group

Healthy controls
True biological differences Fewer biological differences

q Partial Least Square Discriminant Analysis (PLS-DA) is a supervised multivariate analysis 

q It identifies if there is a real separation/difference between 2 groups. 

q Separation of samples is explained by the first component (x axis, mainly) and the second component (y axis)



Multivariate Analysis: OPLS-DA

True biological differences No biological differences
Disease group

Healthy controls

q Orthogonal Partial Least Square Discriminant Analysis (OPLS-DA) is also a supervised multivariate analysis which 
separates space the variation between samples of 2 groups.  Only used if a good PLS-DA has been obtained.

q Separation is only based by the first component 

q Commonly used for identification of potential biomarkers and prediction of samples
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Univariate analysis: ANOVA and non parametric ANOVA

q To detect differences of individual metabolites between groups

q Depending of the number of patients/conditions/animals you use one or another test (t test, U-Mann Whitney, etc.)

Control Disease
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Significant compounds need to be identified

No m/z  (Da) RT (min) % Moderate p  value

1 479.3366 21.44 56.9 0.017

2 553.3793 26.01 121.2 0.004

3 553.3747 22.23 47.9 0.03

4 551.3602 22.3 55.1 0.009

5 557.3327 16.11 12.9 0.537

6 541.3386 19.44 45.7 0.004

7 531.3102 20.21 17.3 0.017

8 559.3407 23.76 77.1 0.004

Non allergic vs Severe



Identification of compounds in LC-MS and CE-MS 

1. First step à Search into specific web databases

Tentative identification, based only on its mass and RT

2. Second step à fragment the 
significant metabolite and puzzle 
out the structure (i.e. L-Carnitine)



Fiehn library- 1000s compounds

2000s compounds

Complete 
chromatogram

Identification in GC-MS

1 spectra at RT 10.32

Is compared with databases

Urea from database

Unknown feature from our sample

2.

1.

Ø Contrary to LC-MS and CE-MS identification is 
performed during data treatment

Ø Common databases used:



Common problems



Common problems in untargeted metabolomics: Big 
patient cohort

N=165

Rodriguez-Coira, J., Metabolites (2019)

After inter- and intra-
batch normalization

PC
2

(8
.2

5%
)

PC1
(17%)

Big cohort of samples may not 
be able to analyze 

continuously in a single batch

Normalization strategies: 
Intra-batch and inter-
batch normalization 

The quality between each batch can be 
good but does not necessary that can 

data can be overlapped

Raw data Normalized data



Effect of normalization in the number of significant features

Rodriguez-Coira, J; et al. Metabolites (2019)

Number of total features that 
passed quality assurance

Number of statistically 
significant 
features after comparing control 
and disease groups



Summary of untargeted metabolomics analysis

Data transformation Data quality assessment

NormalizationStatistical analysisIdentification

OLEIC ACID

FATTY ACID

Measurement

C18H34O2
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ORAL MUCOSA: A MODEL OF EPITHELIA REMODELLING AND 
INFLAMMATION

-SEVERE PROFILIN FOOD ALLERGY
-SEVERE RESPIRATORY ALLERGY IN THE ABSENCE OF FOOD ALLERGY

Hypothesis: Oral mucosa integrity is compromised in 
respiratory allergic patients. 
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n Highly exposed Olive pollen allergic patients
(Cordoba)

n Highly exposed mite allergic patients
(Canary Islands)



Understanding severity: 

Why, patients that had been tolerating profilin for years on a daily basis, get 
sensitized and develop severe reactions?

- In the three severity models: Bad response to intervention (side reactions, lack of 
effect)

-Metabolomics of grass pollen severe allergy phenotypes. 



Allergy 2018. In press



Controls
n=6

Mild
n=5

Moderate
n=6

Severe
n=8

Background results. LC-MS (ESI +)

OPLS-DA predicted model

R2 = 0.99 
Q2= 0.75

Classes were assigned based on the prediction ecuation:

SEVERITY



Severe Food Allergic Phenotype

Warburg metabolism activation

Sphingolipid 
metabolism stress

Multiple augmented 
lysophospholipids

Altered platelet 
functions

METABOLOMICS

TRANSCRIPTOMICS

Aggregation

Adhesion

Shape Change

Granule 
Secretion αG

δG

Vs

↑ Sphingosine 1-P

↑ LPC 16:0

Healthy
Subjects

Increasing

Allergy

Severity
of Food

↑ Lactic acid↓ Pyruvic acid

Obeso et al Allergy. 2018

SIGNATURES LINKED TO SEVERE PHENOTYPE



Pyruvic acid

**
*

L- sorbose/Fructose

*

Lactic acid

**
*

D-glu/D-altr/D-gala /Tal

*
*
*

CARBOHYDRATE METABOLISM

Aerobic Glycolisis (Warburg) metabolism activation

Obeso et al Allergy. 2018



T cell metabolism

Ghesquière, B., Nature Immunology (2014) 

Normoxia

• FAO
• TCA cycle
• Oxidative

Phosphorilation

Quiescent T Cell 

• Glycolisis
• Pentose Phospate

Pathway (PPP)

Hypoxia
Danger
Signal

Activated T Cell



Profilin induces strong T cell proliferation in Spanish sensitized patients 
compared to Nordic ones. 
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LYSOPHOSPHOLIPIDS SIGNALLING 

** *
*

LysoPS(18:0)

Pyruvic acid

**
*

**
*

LysoPC(18:0)

Stearic acid

Sphinganine-C17

**

Sphinganine-C17 analogue

*
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A. ENERGY METABOLISM

B. FATTY ACID METABOLISM

C. SPHINGOLIPID METABOLISM

D. LYSOPHOSPHOLIPIDS METABOLISM

Obeso et al Allergy. 2018



Alteration of LYSOPHOSPHOLIPID metabolism: 
Lysophosphocholine 16:0 and 18:0 (LPC 16:0 & LPC 18:0)

Ether-linked
phospholipids

PAF synthesis

LPC 18:0 | LPC 16:0

Palmitic acid source
Synthesis of Sphingosine

Eicosanoids source
Arachidonic acid and 

derivates

Products of PLA2 enzyme



Sphingolipid metabolism

Obeso et al Allergy. 2018

Sphinganine-C17

**

Sphinganine-C17 analogue

*
*

Sphinganine-P

*

Sphingosine

***

Sphingosine-P

*



Asthma

• Asthma is a multifactorial, chronic syndrome, which varies over time 
and involves genetic and environmental interactions. 

• It is characterized by: 
o Airway obstruction
o Mucus hypersecretion 
o Airway hyper-responsiveness 
o Inflammatory cell infiltration 
o Airway epithelial remodeling

Nat Rev Immunol. 2015 Jan; 15(1): 57–65.



HDM Allergic Asthma

• House dust mites (HDM) are the most prevalent sensitizers 
associated with allergic asthma.

• The major mite allergens Der p 1 and Der p 2 have the ability to 
induce asthmatic status through different mechanisms:

§ Der p 1 is a cysteine protease capable of inducing tissue 
damage and inflammation by cleaving tight-junction

§ Der p 2 displays an allergenic role by mimicking the function 
of MD-2 in the activation of TLR4.

Clin Exp Allergy. 2017 Apr;47(4):442-456.



HDM High exposure area

• Canary Islands present the highest levels of HDM exposure in 
Spain.

• Tropical temperatures and high humidity.

• Around 80% of allergic patients are sensitized to HDM



National Asthma Education and Prevention Program, Third 
Expert Panel on the Diagnosis and Management of Asthma. 
Expert Panel Report 3: Guidelines for the Diagnosis and 
Management of Asthma. Bethesda (MD): National Heart, 
Lung, and Blood Institute (US); 2007 Aug. Figure 4-5, 
[STEPWISE APPROACH FOR MANAGING ASTHMA IN YOUTHS 
≥12 YEARS OF AGE AND ADULTS].

Stepwise approach to managing asthma



Metabolomic fingerprint

Global Metabolomic Profiling 

LC-QTOF-MS analysis

Patient Stratification

Sample collection 
& treatment

Data treatment & Analysis

582 signals 
for LC-MS (ESI -)

734 signals
for LC-MS (ESI +)

V Uncontrolled

IV

Controlled
with
Biologicals

III Controlled
with IT

II Controlled
with ICS

I Non-asthmatic



61

21 84

25 21 171

47 41 30 98 I

II

III

IV

II III IV V

Uncontrolled severe allergic 
asmathic patients show a 
differential metabolic fingerprint.



Tentative identification of differential metabolites
in severe uncontrolled patients



50

Recommendations

-Working with metabolomics in allergy needs: 

-A perfect technical execution (Skilled analytical team)

-Adequate Clinical Models

-Biochemical Interpretation

-Complementary approaches: Other opmics, Immunological
data, Immunohistochemoistry…….)

-In summary , a multidisciplinary team
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