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THE ALL IMPORTANT MACROMOLECULES

From DNA to RNA to Protein and…



Small molecules!



Biological model

Chemical diversity

Sample preparation

Dynamic range

Databases

Sofwtare

HOW COMPLEX IS THE METABOLOME?

> 200 Kmetabolites



From FT-ICR to MRMS…

> 10.000.000
< 0.2 ppm 

CID
ECD/EDD/ETD
SORI-CID
IRMPD
UVPD
BIRD

Any source will fit!
ESI
MALDI



CHEMISTRY VS BIOLOGY

184.61573

297.61565
2+

341.20015
1+

369.23161
1+

412.32150
1+

466.28318
2+

556.27743
1+

653.50376
1+

697.65919
1+

745.64374
1+

835.70800
1+

891.77000
1+

LA2 MeOH em MeOH (nova diluicao) - positivo_000001.d: +MS

0

1

2

3

4

5

8x10

Intens.

200 400 600 800 1000 m/z



184.61573

297.61565
2+

341.20015
1+

369.23161
1+

412.32150
1+

466.28318
2+

556.27743
1+

653.50376
1+

697.65919
1+

745.64374
1+

835.70800
1+

891.77000
1+

LA2 MeOH em MeOH (nova diluicao) - positivo_000001.d: +MS

0

1

2

3

4

5

8x10

Intens.

200 400 600 800 1000 m/z

C10H18N3O6S

FROM SPECTRUM TO BIOCHEMISTRY



FROM SPECTRUM TO BIOCHEMISTRY



PATHWAY MAPPING



NETWORK ANALYSIS



WE ARE ALL DIFFERENT
EU-FT-ICR-MS
Advanced Users School
Lisboa, April 2019



FINGERPRINTING 
FINGERPRINTS



Dilute in 
MeOH/H2O

A. Fingermark collection and metabolite extraction

Direct infusion  (2µL/min)
Electrospray ionization (ESI+)

Apollo II ESI source

B. MRMS analysis

Centrifuge

Recover 
supernatant

Add
Formic acid & 

Leu Enk

SolariX XR 7T MRMS

Annotations:

               SmartFormula

               HMDB v5.0

Fingermark revealed with Instant 
White Fingerprint Powder

Fingermark non-
revealed

Collect with 
MeOH/H2O

C. Data analysis



Ab initio calculation (CHONPS... Accurate mass...Isotopic pattern)
Data base annotation (HMDB >200.000)

From spectrum to formulas



A B

C D

Male donors
Female donors

Non-revealed (NR)
Revealed (R)

E

Variable importance - Gender

Male donors

Female donors

Age 45-55

Age 20-30

Age 20-30

Age 45-55

Variable importance - Age



C

D

Male donors Female donors

E

B

Hexadecasphinganine 
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Phytosphingosine

B





COMING OUT THIS CHRISTMAS!



DISCRIMINATION 
OF SINGLE-GENE 
YEAST MUTANTS



DISCRIMINATION OF SINGLE-GENE YEAST MUTANTS



BY4741
MATa; his3∆1; 

leu2∆0; met15∆0; 

ura3∆0

Genetically identical
Secondary pathway, not essential
No growth deficiency

∆GLO1
 

YML004c::KanMX4

∆GLO2 

YDR272w::KanMX4

∆GRE3 

YHR104w::KanMX4

Glycolysis

DISCRIMINATION OF SINGLE-GENE YEAST MUTANTS



BY4741 ∆GRE3           ∆GLO1         ∆GLO2

Discrimination only based on their metabolic composition
Glutathione was the most discriminating compound
Wider functional and cellular effects elucidated

Glutathione metabolism

DISCRIMINATION OF SINGLE-GENE YEAST MUTANTS



BEYOND GLUTATHIONE



Yeast Species

Hu - Hanseniaspora uvarum 

Hg - Hanseniaspora guilliermondii

Lt - Lachancea thermotolerans 

Mp - Metschnikowia pulcherrima

Sc - Saccharomyces cerevisiae

Sb - Starmerella bacillaris

Zb - Zygosaccharomyces bailii

WHAT ABOUT DIFFERENT YEAST SPECIES?



32438 metabolites, 1493 with annotations

Counts of numbers of possible 
compounds for each annotated peak

40% Are unique

70% < 5 possible annotations

LOOKING AT THE BIG PICTURE



• Development of a scoring method for metabolite annotation

• Validation of annotations (2D-FT-ICR-MS)

• Isomer discrimination (MSMS or ion-mobility)

• Quantification

Metametabolomics

FUTURE DIRECTION FOR FT-ICR-MS METABOLOMICS



THE TEAM
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