
• Which building blocks of life have been formed in 

the Space? Under which conditions?

• Did they reach structural complexity/organization?

• To what have these extraterrestrial molecules been 

implied in a prebiotic chemistry on the early Earth

1

TARGET BUILDING BLOCKS OF LIFE
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BUILDING BLOCKS OF LIFE
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Solid sample

Strong acid hydrolysis 
HCl 6M – 24h – 100 °C

USUAL TECHNICS: 
SMART GC-MS
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Solid sample

Strong acid hydrolysis 
HCl 6M – 24h – 100 °C

Heat treatment

USUAL TECHNICS: 
SMART GC-MS

Derivative agents 
MTBSBFA, TMAH, DMF-DMA

H2O
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organic matter
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Solid sample

Strong acid hydrolysis 
HCl 6M – 24h – 100 °C

GC MS

Organics 

and their 

chirality

USUAL TECHNICS: 
SMART GC-MS

Derivative agents 
MTBSBFA, TMAH, DMF-DMA

H2O
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organic matter
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Complex chromatograms
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Complex chromatograms

USUAL TECHNICS: 
SMART GC-MS

Good recoveries of volatile organics but :

- Degradation, oxidation, rearrangement reactions

- Speculative identification

- Lack both sensitivity and versatility

Benner et al., 2000; Glavin et al., 2001; Navarro-González et al., 2006



Amino acids

Sugars

Munoz-Caro et al., 2002, Nature, 416, 403 Meinert et al., 2016, Science, 352,208
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BUILDING BLOCKS DETECTED 
WITH GC-MS IN ANALOGUES

DEVELOP INNOVATIVE STRATEGY TO LIMIT 
SAMPLE DEGRADATION
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UPLC-MS
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Matrix 
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Amino acids

Sugars Nucleobases

Peptides

MOLECULAR SCREENING
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Experimental m/z

Chromatographic 
peak

Retention time

(min)

Predicted formula
(for a mass delta < 5 

ppm)
Calculated m/z

349.1835 [M + H]+ 9.06

C12H24N6O6

C11H18N13O

C13H20N10O2

C14H26N3O7

C26H22N

349.1830 [M + H]+

349.1830 [M + H]+

349.1843 [M + H]+

349.1844 [M + H]+

349.1825 [M + H]+

481.2618 [M + H]+ 9.35

C17H30N13O4

C18H36N6O9

C32H34NO3

C2H26N25O5

C16H34N9O8

C15H28N16O3

C18H26N17

C19H32N10O5

C20H38N3O10

C30H32N4O2

481.2616 [M + H]+

481.2617 [M + H]+

481.2611 [M + H]+

481.2622 [M + H]+

481.2603 [M + H]+

481.2603 [M + H]+

481.2630 [M + H]+

481.2630 [M + H]+

481.2630 [M + H]+

481.2598 [M + H]+

503.3062 [M + H]+ 9.44

C22H46O12

C21H40N7O7

C20H34N14O2

C35H38N2O

C22H36N11O3

C23H42N4O8

C20H44N3O11

C19H38N10O6

C18H32N17O
C7H32N23O4

503.3062 [M + H]+

503.3062 [M + H]+

503.3062 [M + H]+

503.3057 [M + H]+

503.3075 [M + H]+

503.3075 [M + H]+

503.3049 [M + H]+

503.3049 [M + H]+

503.3049 [M + H]+

503.3080 [M + H]+

547.3326 [M + H]+ 9.56

C24H50O13

C23H44N7O8

C22H38N14O3

C37H42N2O2

C24H40N11O4

C25H46N4O9

C22H48N3O12

C21H42N10O7

C20H36N17O2

C9H36N23O5

547.3324 [M + H]+

547.3324 [M + H]+

547.3324 [M + H]+

547.3319 [M + H]+

547.3338 [M + H]+

547.3338 [M + H]+

547.3311 [M + H]+

547.3311 [M + H]+

547.3311 [M + H]+

547.3343 [M + H]+

591.3586 [M + H]+ 9.65

C24H42N14O4

C25H48N7O9

C26H54O14

C39H46N2O3

C24H52N3O13

C23H46N10O8

C22H40N17O3

C25H38N18

C26H44N11O5

C27H50N4O10

591.3586 [M + H]+

591.3586 [M + H]+

591.3586 [M + H]+

591.3581 [M + H]+

591.3573 [M + H]+

591.3573 [M + H]+

591.3573 [M + H]+

591.3600 [M + H]+

591.3600 [M + H]+

591.3600 [M + H]+

345.1559 [M + 2H]2+ 9.68

C19H36N20O9

C20H42N13O14

C21H48N6O19

C35H46NO13

C34H40N8O8

C33H34N15O3

C35H36N12O4

C36H42N5O9

C19H46N9O18

C18H40N16O13

345.1560 [M + 2H]2+

345.1560 [M + 2H]2+

345.1560 [M + 2H]2+

345.1557 [M + 2H]2+

345.1557 [M + 2H]2+

345.1557 [M + 2H]2+

345.1564 [M + 2H]2+

345.1564 [M + 2H]2+

345.1553 [M + 2H]2+

345.1553 [M + 2H]2+

362.2224  [M + 2H]2+ 9.86

C30H54N14O7

C29H48N21O2

C31H50N18O3

C32H56N11O8

C29H58N10O11

C28H52N17O6

C27H46N24O 

C17H52N23O9

C33H52N15O4

C34H58N8O9

362.2223 [M + 2H]2+

362.2223 [M + 2H]2+

362.2229 [M + 2H]2+

362.2229 [M + 2H]2+

362.2216 [M + 2H]2+

362.2216 [M + 2H]2+

362.2216 [M + 2H]2+

362.2232 [M + 2H]2+

362.2236 [M + 2H]2+

362.2236 [M + 2H]2+

519.2778 [M + H]+ 11.13

C5H28N25O5

C21H38N6O9

C20H32N13O4

C21H28N17

C22H34N10O5

C23H40N3O10

C35H36NO3

C7H30N22O6 

C4H32N21O9

C38H34N2

519.2778 [M + H]+

519.2773 [M + H]+

519.2773 [M + H]+

519.2786 [M + H]+

519.2786 [M + H]+

519.2786 [M + H]+

519.2768 [M + H]+

519.2791 [M + H]+

519.2765 [M + H]+

519.2795 [M + H]+

541.3223 [M + H]+ 11.26

C9H38N19O8

C25H48O12

C24H42N7O7

C23H36N14O2 

C25H38N11O3

C26H44N4O8

C38H40N2O 
C7H36N22O7

C10H34N23O4

C11H40N16O9

541.3224 [M + H]+

541.3219 [M + H]+

541.3218 [M + H]+

541.3218 [M + H]+

541.3232 [M + H]+

541.3232 [M + H]+

541.3213 [M + H]+

541.3210 [M + H]+

541.3237 [M + H]+

541.3237 [M + H]+

563.3040 [M + H]+ 11.26

C7H32N25O6

C38H36N5

C23H42N6O10

C22H36N13O5

C21H30N20
C23H32N17O 
C24H38N10O6 

C25H44N3O11

C37H40NO4

C6H36N21O10

563.3040 [M + H]+

563.3043 [M + H]+

563.3035 [M + H]+

563.3035 [M + H]+

563.3035 [M + H]+

563.3049 [M + H]+

563.3049 [M + H]+

563.3049 [M + H]+

563.3030 [M + H]+

563.3027 [M + H]+

585.3481 [M + H]+ 11.32

C27H52O13

C26H46N7O8

C25H40N14O3

C11H42N19O9

C40H44N2O2

C9H40N22O8

C27H42N11O4

C28H48N4O9

C25H50N3O12

C24H44N10O7

585.3481 [M + H]+

585.3481 [M + H]+

585.3481 [M + H]+

585.3486 [M + H]+

585.3476 [M + H]+

585.3472 [M + H]+

585.3494 [M + H]+

585.3494 [M + H]+

585.3467 [M + H]+

585.3467 [M + H]+

387.1804 [M + H]+ 13.65

C22H26O6

C21H20N7O 
C6H16N19O2

C7H22N12O7

C5H20N15O6

C4H14N22O 
C23H22N4O2

C20H24N3O5

C19H18N10

C8H18N16O3

387.1802 [M + H]+

387.1802 [M + H]+

387.1807 [M + H]+

387.1807 [M + H]+

387.1794 [M + H]+

387.1794 [M + H]+

387.1816 [M + H]+

387.1789 [M + H]+

387.1789 [M + H]+

387.1821 [M + H]+

Eddhif et al. (Talanta, 2018)

20160905__preconc_essai-410-460-gregoire-solution-mere #254-2716 RT: 2,39-19,62 AV: 561 NL: 2,49E5
T: FTMS + p ESI Full ms [410,00-460,00]
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Ice analogue

MOLECULAR SCREENING



FROM NON TARGETED TO 
TARGETED ANALYSIS

Time (min)

UPLC-HRMS (Q-Exactive)

Full Scan mode

→ Non targeted analysis 

Descriptive map

Scan of all 
ions

Transfert 
of all ions

SIM mode

→ Targeted analysis 

Identification based on ion 
exact masses
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Oba et al. (Nat. Com., 2019)

Astrophysical ice analogue

NUCLEOBASES HRMS 
SIM ANALYSIS
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Oba et al. (Nat. Com., 2019)

Astrophysical ice analogue

NUCLEOBASES HRMS 
SIM ANALYSIS
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Exact Mass Retention time Area 

161,06873 3,512 9949404,31

Formula
Molecular

Weight
Name DeltaMass [Da] DeltaMass [ppm]

C6 H11 N O4 161,0688 Aminoadipic acid 7,46017E-05 0,46316654

C6 H11 N O4 161,0688 a-Aminoadipate 7,46017E-05 0,46316654

C6 H11 N O4 161,0688 N-Methylglutamate 7,46017E-05 0,46316654

C6 H11 N O4 161,0688 D-2-Aminoadipic Acid 7,46017E-05 0,46316654

C6 H11 N O4 161,0688 O-Acetyl-L-homoserine 7,46017E-05 0,46316654

C6 H11 N O4 161,0688 H-Glu-OMe 7,46017E-05 0,46316654

C6 H11 N O4 161,0688 Iminodipropionic acid 7,46017E-05 0,46316654

C6 H11 N O4 161,0688 Methyl N-acetylserinate 7,46017E-05 0,46316654

C6 H11 N O4 161,0688 D-alanyl-D-lactic acid 7,46017E-05 0,46316654

C6 H11 N O4 161,0688 O-Acetylhomoserine 7,46017E-05 0,46316654

C6 H11 N O4 161,0688 4-Methyl-L-glutamic acid 7,46017E-05 0,46316654

C6 H11 N O4 161,0688 Methyl N-acetyl-D-serinate 7,46017E-05 0,46316654

C6 H11 N O4 161,0688 N-(2-Carboxyethyl)-D-alanine 7,46017E-05 0,46316654

HRMS SIM ANALYSIS



Targeted analysis with UPLC-HRMS (SIM mode)
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NUCLEOBASES HRMS 
SIM ANALYSIS

Astrophysical ice analogue

Ruf et al. (APJL, 2019)



UPLC-MS/MS (Triple Quadrupole)

Selection of 
precursor ions

Fragmentation of 
precursor ions

Selection of 
fragment ions
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TARGETED ANALYSIS



UPLC-MS/MS (Triple Quadrupole)

Selection of 
precursor ions

Fragmentation of 
precursor ions

Selection of 
fragment ions
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TARGETED ANALYSIS

Alanine



UPLC-MS/MS (Triple Quadrupole)

Selection of 
precursor ions

Fragmentation of 
precursor ions

Selection of 
fragment ions
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TARGETED ANALYSIS

Alanine



UPLC-MS/MS (Triple Quadrupole)

Selection of 
precursor ions

Fragmentation of 
precursor ions

Selection of 
fragment ions
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TARGETED ANALYSIS

Alanine



UPLC-MS/MS (Triple Quadrupole)

Monitoring « precursor ion / 
fragment ion » 

Selection of 
precursor ions

Fragmentation of 
precursor ions

Selection of 
fragment ions
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TARGETED ANALYSIS

MRM mode

Alanine



Targeted analysis with UPLC-HRMS (SIM mode)
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NUCLEOBASES HRMS 
SIM ANALYSIS

Astrophysical ice analogue

Ruf et al. (APJL, 2019)
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NUCLEOBASES MRM ANALYSIS
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12C-Cytosine standard

13C-Cytosine in cometary residue

112.25 > 95.20 

116.05 > 99.00 

12C-Uracil standard

13C-Uracil in cometary residue

12C-Thymine standard

13C-Thymine in cometary residue

12C-Adenine standard

13C-Adenine in cometary residue

12C-Guanine standard

13C-Guanine in cometary residue

113.25 > 96.15 

117.05 > 100.00 

127.25 > 110.15 

132.05 > 115.00 

136.25 > 119.20 

141.10 > 124.05 

152.25 > 135.15 

157.10 > 140.00 

Targeted analysis with UPLC-MS/MS (MRM mode)

Astrophysical ice analogue

Ruf et al. (APJL, 2019)

Targeted analysis with UPLC-HRMS (SIM mode)



Alanine 

and 

isomers

Valine 

and 

isomers

Leucine 

and 

isomers

Glutamic 

acid and 

isomers

HRMS

Achiral column

Meteorite

MRM MS

Achiral column

Serra et al. (ACA, 2021)
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AMINO ACIDS MRM ANALYSIS



Alanine 

and 

isomers

Valine 

and 

isomers

Leucine 

and 

isomers

Glutamic 

acid and 

isomers

HRMS

Achiral column

Meteorite

MRM MS

Achiral column

Non-identified compounds 

Serra et al. (ACA, 2021)
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SIM HRMS → MRM MS

1. Increase selectivity 
(limit identification errors)

2. Improve sensitivity in 
complex matrices

3. Detection of 10-14 mol 
(≈10-12g) of amino acids in 

the injected meteorite 
extracts

AMINO ACIDS MRM ANALYSIS



Alanine 

and 

isomers

Valine 

and 

isomers

Leucine 

and 

isomers

Glutamic 

acid and 

isomers

HRMS

Achiral column

MRM MS

Achiral column

MRM MS

Chiral column

Chirality of amino acids : 

amino acids form two 

stereoisomers that are mirror 

images of each other

Meteorite

Achiral column

Chiral columnSerra et al. (ACA, 2021)
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AMINO ACIDS MRM ANALYSIS



Alanine 

and 

isomers

Valine 

and 

isomers

Leucine 

and 

isomers

Glutamic 

acid and 

isomers

HRMS

Achiral column

MRM MS

Achiral column

MRM MS

Chiral column

Chirality of amino acids : 

amino acids form two 

stereoisomers that are mirror 

images of each other

Meteorite

Achiral column

Chiral column

Non-identified compounds 

Serra et al. (ACA, 2021)
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AMINO ACIDS MRM ANALYSIS



MRM MS

Chiral column

HRMS

Achiral column

MRM MS

Achiral column

MRM MS

Chiral column

Meteorite

Alanine 

and 

isomers

Valine 

and 

isomers

Leucine 

and 

isomers

Glutamic 

acid and 

isomers

√

ꭗ

ꭗ
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Astrophysical ice analogue

Serra et al. (ACA, 2021)
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AMINO ACIDS MRM ANALYSIS



Decreasing molecular complexity / organisation

MRM MS

Chiral column

Astrophysical ice analogue

HRMS

Achiral column

MRM MS

Achiral column

MRM MS

Chiral column

Meteorite

Alanine 

and 

isomers

Valine 

and 

isomers

Leucine 

and 

isomers

Glutamic 

acid and 

isomers

√

√

ꭗ

ꭗ

3C molecule with 

2 functional 

groups

6C molecule with 

2 functional 

groups

5C molecule with 

3 functional 

groups 

5C molecule with 

2 functional 

groups 
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AMINO ACIDS MRM ANALYSIS
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TOWARDS ORGANIZED 
MOLECULAR 

STRUCTURES
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MRM MS – chiral column

L-alanylglycine

MRM MS – chiral column

Glycylglycine

MRM MS – chiral column

Alanylalanine

TOWARDS ORGANIZED 
MOLECULAR 

STRUCTURESG

A

G
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G G A G A A

A

G

POLYMERIZATION IN PEPTIDES

Meteorite

Astrophysical 
ice analogue

Standard
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Complex chromatogramsPeptide

CURRENT HYDROLYSIS METHOD 
UNABLE TO DETECT PEPTIDES

Strong acid hydrolysis 
HCl 6M – 24h – 100 °C

Derivative agents 
MTBSBFA, TMAH, DMF-DMA

H2O

GC-MS



Hydrolysis of peptides 
from the N-terminal 

amino acid
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PROTEOMICS STRATEGY TO SEARCH 
FOR PEPTIDE SEQUENCES
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Lange et al. (JPR, 2021)
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Lange et al. (JPR, 2021)
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