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Context

Figure 1: Direct Infusion of a Murchison in ESI(-)Orbitrap/MS.

Meteorites show a high level of complexity of their organic matter content[1, Figure 1]. To try to understand its
origin, an experimental approach consists in conducting laboratory synthesis experiments in well-constrained
environments and compare with natural samples. Any feature of the final mixture shared with an extraterrestrial material will designate its synthesis conditions to be comparable to those at the origin of the
extraterrestrial sample.
We postulate that the molecular complexity is a good indicator at the whole sample level. We highlight a
method that uses the stoichiometry and functional complexity of the samples to propose an origin for natural
samples. Liquid chromatography coupled to Orbitrap mass spectrometry is a technique of choice to describe
both stoichiometries - thanks to the high mass resolution - and functionality - thanks to the time separation due
to chemical interactions[2,3].

The proposed methodology is based on a 2 step process: (1) a direct infusion acquisition and (2)
a liquid chromatography analytical workflow. The required data treatment is supported by
Attributor, an home-made software.

Figure 2: Direct Infusion of a synthetic sample in
ESI(+)-Orbitrap/MS.

The direct infusion MS generates complex data where the information cannot be seen directly
(Figure 2). On the focus of doing chromatography, we need to have an idea of the chemical
functions that could be present in the sample.
One possibility to have an idea of the chemical functions is to compare the stoichiometric
formulas to a data base of known molecules, such as the ones used in biochemistry. Even if a
large part is not available in the biochemical data base (~80%, not shown there), the other part is
in majority annotated as amino acids derivates, from the monomeric part to simple peptides
(Figure 3).
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Synthetic Sample

A good chromatographic condition for the
separation
and
identification
of
biochemical compounds is an HILIC
column. To have a better identification of
the compounds, having orthogonal
methods can help. The HILIC column run
at acidic and basic pH show a good
orthogonality behaviour, enabling the
design of a unique analytical workflow
using only one column (Figure 4).

Data base

B

Predicted RT
20.48
21.33
24.75
27.89

Formula Name
3-Methylhistamine
N-Methylhistamine
4-methylhistamine
2-methylhistamine

Figure 5: (A) Ion map of a synthetic sample. We can distinguish 2 different retention zones: a uniform distribution at low retention time, and an
hyperbolic distribution at higher retention times. (B) Chromatogram extract of the ion m/z=126.102u (C6H12N3+(2.2ppm error), Methylhistamine
annotated) that show, after peak detection and peak-fitting, the separation of 4 isomers (RT(min): 22.8 ; 24.6 ; 27.2 and 29.4). (C) Prediction
time model built with 40 calibrants and 10 physico-chemical coefficients. This model allows the prediction of more than 2000 compounds in
the biochemical database. The predicted retention time for the m/z=126.102u shows that the experimental RT=29.4min cannot be explained
by the compounds in the data base. The prediction model has the number of “Hydrogen bound donors” as an hyperbolic parameter whereas
all other parameters are linear. This can explain the hyperbolic shape of retained compounds seen on the ion map.

Conclusion
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Figure 4: Initial and final gradient
methods. The methods are adapted and
modified from the work of [2].
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Analytical Workflow Description

Figure 3: Partial stoichiometric classification of a synthetic
sample
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The ion map and peak-fitting features
(Figure 5A and 5B) are the results of the
home-made software chromatographic
data-treatment Attributor.
The core of the treatment are the
detection and fitting of the peaks. Peak
detection algorithm is based on HoshenKopelman and Persistent Homology
algorithms that generate the list of
features to fit. Ultimately, this datatreatment output is a list of [mass/charge
; retention time].
After peak fitting, retention time
prediction is done (Figure 5C) to try to do
the identification of the molecules based
on their structure. The retention time
prediction principle is adapted from the
work of [4].

The proposed analytical workflow is able to: (1) annotate molecules based on their stoichiometric formulas, (2) separate molecules based on their
physico-chemical properties, (3) predict retention time based on physico-chemical properties of the molecules and (4) confirm or exclude separated
molecular structures based on the comparison between the experimental and predicted retention time.
This workflow has to be applied to meteorites and relevant analogues to compare their shared molecules and then designate some synthesis conditions
that can be at the origin of the meteorite organic matter diversity. This workflow can also be used for the Hayabusa 2 experiments to help explain the
molecular features that are detected.
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