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Picturing natural microbiomes: Matrix-assisted laser
desorption/ionization mass spectrometry imaging for
unravelling the architecture of environmental microbial
communities
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Ecosystems are complex matrixes with a multitude of
physical, chemical, and biological interactions that are
continuously changing both along space and time. In the
current scenario of climate warming, their physicochemi-
cal properties are quickly altered, and thus, the living
beings could be heavily affected (Malhi et al., 2020).
Microorganisms can be found in almost every environ-
ment in the biosphere, where they provide most of their
metabolic potential. Unravelling the structure of the micro-
bial communities is crucial to identify hotspots of vulnera-
bility and resilience and to develop possible interventions
that can decelerate or even stop undesirable changes.

The surge of OMIC techniques has undoubtedly
proven useful in deciphering the complex nature of the
microbial communities in natural ecosystems. Metage-
nomics have certainly contributed, and metaproteomics
and metabolomics are quickly being developed although
they still have severe limitations, since isolation of proteins
and metabolites from complex matrixes can be challenging
(Herruzo-Ruiz et al., 2021). Nevertheless, all these tech-
niques do not give information of the spatial structure of
the microbial communities. On the other hand, transmis-
sion and scanning electron microscopic techniques can
provide with beautiful 2D and 3D images, but the different
microorganisms can be rarely identified, and little informa-
tion of the biomolecules and metabolites is obtained.

Among omics, those coupled with label-free matrix-
assisted laser desorption/ionization (MALDI) mass
spectrometry (MS) allows the identification and quantifi-
cation of complex molecules as peptides, lipids, and
metabolites from biological samples. Both microscopic
and MALDI-MS are combined in MALDI imaging spec-
trometry (MSI) producing snapshots with semi-
quantitative identification of biomolecules, which can
be associated with 2D microscopic images. Integration
of different MSI analyses, serial slicing of the samples
and successive sampling along time can provide infor-
mation about different biomolecules (e.g. proteins, pep-
tides, lipids, metabolites), and their changes along
space and time in a certain biological sample. Although
MSI was initially used in basic research of plant and
animal tissues, it is currently mainly used in more
applied biomedical and pathological studies, for exam-
ple, to analyse the distribution and effects of therapeuti-
cal drugs in a certain whole-body or organ (Chicano-
G�alvez et al., 2022). To date, environmental applica-
tions have been very limited, most of them covering the
disposition and the effect of toxic chemicals into ani-
mals or plants to elucidate their mechanisms of action
(Poter & S�anchez, 2022) and most microbiological
studies are in man-made plated/cultured environments.
Current efforts include the study of natural ecosystems
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that are already embedded in a matrix, that is, biofilms,
or the microbiome inside more complex organisms as
bivalves for aquatic environments monitoring (Figure 1,
manuscript in preparation) (Mich�an et al., 2021).

Nevertheless, MSI has important challenges that
need to be improved, including wider identification of
molecules, higher sensitivity particularly of low abun-
dant analytes, and selection of non-interfering matrixes.
Bottlenecks for its use in natural environmental studies
are also even more difficult and include fixation of
inconsistent environments and management of an
extremely high amount of data.

Sooner rather than later all the technical problems
will be overcome, and we will be able to see beautiful 3D
kaleidoscopic images of the microbiomes from natural
ecosystems, plus the molecular interactions among
them, both intra- and inter-species. Let us hope that this
understanding will help in tackling the degradation of
natural ecosystems and to improve our resilience to
increasing situations of extreme climate episodes and
pollution.
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F I GURE 1 MSI peptidome analysis of Scrobicularia plana clam
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