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Magnetotactic bacteria, present in many natural aquatic environments, biomineralize ordered
chains of uniform magnetite or greigite nanocrystals, also known as magnetosomes [1]. These
nanoparticles exhibit nearly perfect crystal structures, faceting, and consistent species-specific
morphologies, leading to well-defined magnetic properties. As a result, magnetotactic bacteria
can serve as a model system for the study of the molecular mechanisms for magnetite
biomineralization [2]. However, little is known about their complex formation mechanism.
Transmission electron microscopy (TEM) can provide critical information about the organization
of the magnetosomes and the growth mechanisms by revealing the nanoparticle structure on the
atomic level [3]. Conventional TEM traditionally does not allow imaging in native liquid or
atmospheric environments because of the high vacuum of the specimen enclosure. The vitreous
ice environment used during cryo-TEM imaging of bacteria [4] is not entirely representative of
the native hydrated cellular state either, and may introduce artifacts due to specimen preparation
and electron radiation damage [5]. Therefore direct observation of the time-dependent growth of
magnetosomes in their native cellular environment remains a significant challenge.
Here we utilize correlative fluorescence and fluid cell scanning TEM (STEM) imaging to
visualize magnetotactic bacteria containing nanoscale biomineralized magnetosomes [6].
Fluorescently labeled cells of Magnetospirillum magneticum strain AMB-1 were immobilized on
microchip window surfaces and visualized in a fluid cell with high angle annular dark field
(HAADF) STEM, followed by correlative fluorescence imaging (Figure 1). The confined
environment of the fluid cell caused a rapid decrease in bacteria viability over a time of two
hours, necessitating the use of post-STEM fluorescence microscopy to verify bacteria membrane
integrity. Notably, the post-STEM fluorescence imaging indicated that the bacterial cell wall
membrane did not sustain radiation damage during STEM imaging at low electron dose
conditions ( 0.2
∙ ). Correlative STEM and fluorescence imaging of
magnetotactic bacteria is a first step in observing biomineralization of magnetite nanocrystals in
vivo, and the described approach is expected to be applicable to a broad range of microorganisms
that biomineralize various nanomaterials [7].
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Figure 1. Correlated liquid cell STEM and fluorescence images of magnetotactic bacteria with
intact membranes. (a) False colored, background subtracted HAADF-STEM image of two
bacterial cells near the corner of the SiN window, the magnetosome chains appear in purple and
are denoted with white arrows. (b) Post-STEM composite fluorescence image of the same fluid
cell sample. (c) Correlated STEM and composite fluorescence image of the bacterial cells
highlighted in the red box in (b). The scale bar is 1 μm in (a) and (c) and 10 μm in (b).
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