N

N

Ultrastructural details of resistance factors in Bacillus
subtilis spores revealed by cryo-FIB milling and electron
tomography
Elda Bauda, Benoit Gallet, Jana Moravcova, Gregory Effantin, Helena Chan,
Jiri Novacek, Pierre-Henri Jouneau, Christopher D.A. Rodrigues, Guy
Schoehn, Christine Moriscot, et al.

» To cite this version:

Elda Bauda, Benoit Gallet, Jana Moravcova, Gregory Effantin, Helena Chan, et al.. Ultrastructural
details of resistance factors in Bacillus subtilis spores revealed by cryo-FIB milling and electron tomog-
raphy. Colloque BSPIT (”Bactéries sporulantes pathogénes ou d’intérét technologique”), Nov 2023,
Paris, France. hal-04870879

HAL Id: hal-04870879
https://hal.science/hal-04870879v1
Submitted on 7 Jan 2025

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04870879v1
https://hal.archives-ouvertes.fr

Ultrastructural details of resistance factors in Bacillus subtilis spores
revealed by cryo-FIB milling and electron tomography

Elda BAUDA!, Benoit GALLET?, Jana MORAVCOVAZ?, Gregory EFFANTIN?, Helena CHAN3, Jiri NOVACEK?,
Pierre-Henri JoUNEAU?, Christopher D.A. RODRIGUES®, Guy SCHOEHN?, Christine MoRiscoT! and Cecile
MOoRLOT!

1 |BS-Institut de Biologie Structurale, Univ. Grenoble Alpes / CNRS / CEA, 38000 Grenoble, FR.

2 CEITEC-Central European Institute of Technology, Masaryk Univ., 62500 Brno, CZ.

3 University of Technology Sydney, 2007 Ultimo, NSW, AU.

4 |RIG-Institut de Recherche Interdisciplinaire de Grenoble, Univ. Grenoble Alpes / CEA, 38000 Grenoble, FR.
> School of Life Sciences, Univ. of Warwick, Coventry, UK.

Résumé

Bacterial spores are dormant cells that can withstand a wide range of stresses, including
antibiotics, detergents, irradiation and high temperatures. Such resilience is an asset when
spores are used for the benefit of humans, as in the case of probiotics or spore-based delivery
technologies. On the other hand, it represents a major problem in terms of infectious diseases,
food safety or biological warfare when it comes to spores of pathogenic bacteria. Despite their
importance for public health and industry, the assembly, architecture and composition of the
molecular structures contributing to spore resistance are not yet fully elucidated. A major
constraint in understanding these features lies in their nanometric dimensions, which require
high-resolution observation methods to be studied.

Cryo-electron tomography (Cryo-ET) meets this need and opens wide frontiers towards the
three-dimensional visualization of ultrastructures and molecules in the cell. The resolution
power of cryo-ET is however limited by the penetration of electrons, thus requiring sample
thinning to reach molecular details. In the past decade, cryo-focused ion beam milling
monitored by scanning electron microscopy (cryo-FIB/SEM), emerged as a state-of-the-art
sectioning technique to generate cell lamellae with nanoscale precision.

In our work, we have implemented cryo-FIB/SEM-ET to access deep cell regions and shed light
on ultrastructures of sporulating Bacillus subtilis cells. Our tomograms show a wide variety of
cellular ultrastructures with unprecedented level of details, including DNA compaction in the
forespore, the architecture of the mother cell and forespore envelopes, and early coat layers.
Segmentation was performed to get a three-dimensional overview of the cellular content. In
parallel, we investigated the nature of the nascent coat layers in various mutant strains using
cryo-FIBM/ET and transmission electron microscopy on resin sections of freeze-substituted
bacteria. Combining these two cellular electron microscopy approaches, we distinguish seven
nascent coat regions with different molecular properties, and propose a model for the
contribution of the morphogenetic proteins SpolVA, SpoVID, SafA and/or CotE.




