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BY MASS SPECTROMETRY DOWN TO THE CELLULAR SCALE
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Introduction

Gloeocapsomorpha prisca (Fig. 1) is a microfossil (~10um) with an organic wall of uncertain
biological affinity, probably a cyanobacterium®?*®, This fossil microorganism constitutes the vast
majority of the organic matter in "kukersite™ rocks. G. prisca has been thoroughly studied by gas
chromatography-mass spectrometry (GC-MS), using extractive techniques, chemolysis and
pyrolysist?2. Here we perform a pilot study in order to investigate the potential of laser-assisted mass
spectrometry to analyze the molecular fingerprint of single microfossils. Bitumen and kerogen of a
kukersite sample from a 460-million-year-old deposit of northwestern Russia®, were analyzed after
organic solvent extractions and demineralization. We measure bulk thermo-desorption and pyrolysis
parameters with Rock-Eval 7S. We use molecular characterization methods that allow analyses down
to the scale of a single microfossil. We analyze kerogen by secondary ion time-of-flight mass
spectrometry (ToF-SIMS), which combines extreme surface sensitivity with a spatial resolution of
~1 um. The kerogen is then analyzed with high resolution (HR-uL2-MS) two-step laser desorption-
ionization mass spectrometry with a spatial resolution of 140 pum. We used very-high mass resolution
Fourier transform ion cyclotron resonance mass spectrometry by laser desorption/ionization (LDI-
FT-ICR-MS) on G. prisca aggregates (e.g., Fig. 1) with laser beams down to less than 20 pum.

Results

According to Rock-Eval the organic matter is immature, and the kerogen is type | with low percentage
of organic sulfur. The ToF-SIMS analysis of microfossils shows small aliphatic fragments and
carbonaceous clusters (CnHos") generated by fragmentation and abundant (poly)aromatic
hydrocarbons, as well as a minor contribution of oxygenated and nitrogenated compounds. Using
two-step laser desorption-ionization (HR-puL2-MS) we observe a relatively similar composition but
with higher molecular weights. The spectra obtained by LDI-FT-ICR-MS show aromatic
hydrocarbons, oxygenated and nitrogenous compounds, with a major contribution of the oxygenated
compounds. This predominance is in agreement with the composition of G. prisca models based on
chemolysis-assisted GC-MS and pyrolysis GC-MSY234 LDI-FT-ICR-MS allowed us to characterize
the bulk kerogen (spectrum in Fig. 1) as well as a single aggregate of microfossils. Unambiguous
formula assignment could be carried for ions with m/z up to 400 or more in LDI-FT-ICR-MS, which
helps us to represent the molecular compositions of ions generated by laser-desorption ionization in
van Krevelen plots (O/C vs H/C) and mass-defect plots. Potential effects of the desorption lasers,
such as fragmentation and pyrolysis, can be discussed by comparison of the data generated at various
laser fluences and spot sizes. Similarly, the composition of the bitumen is distinguished from that of
solvent-extracted microfossils.
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Conclusions

The three mass spectrometry techniques each have their specificities. The apparent aromaticity
observed could be related to the pyrolysis in LDI and/or to the selectivity of the UV ionization, in
particular for the post-desorption ionization at 266 nm in L2-MS and to the fragmentation of the
aliphatic chains in SIMS. Nevertheless, the predominance of oxygenated compounds (O, Oz, Oa)
seen in LDI-FT-ICR-MS (Fig. 1), including some high H/C ions (e.g., C12H1702"), is consistent with
fragmentation, possibly associated with rearrangements and/or pyrolysis, of the n-alkylresorcinol
based biopolymer proposed for the composition of G. priscal.

This approach will be applied to the search for possible chemotaxonomic parameters of different
morphospecies from other samples with a more diverse microfossil assemblage. Our protocols have
potential to become benchmarks in the search for molecular signatures for exobiology, as, for
example, an LDI-MS instrument has been developed for the ExoMars rover’.
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Figure 1: total spectrum of bulk G. prisca LDI-FT-ICR-MS (+) with a focus at 305 m/z with the

molecular assignments and an optical image of G. prisca.
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