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The biological formation of inorganic materials—a process called biomineralization—is a widespread phenomenon 
that occurs throughout the evolutionary tree of life [1]. Biomineral forming organisms are amazingly adept at producing 
inorganic materials with complex morphologies and extraordinary properties [1–4]. Prominent examples are the single 
domain magnetite nanocrystals of bacteria that act as sensitive magnetic field sensors [5], the hierarchically porous 
silica-based cell walls of diatoms exhibiting complex photonic properties [6–8], and the nacreous calcium carbonate 
layers of mollusks with exceptionally high fracture resistance [9]. The mesmerizing morphologies of biominerals unveil 
our incomplete understanding of the physical and chemical forces that drive mineral morphogenesis (Fig. 1). Elucidating 
how organisms are able to produce minerals with complex shapes is a key aim in biomineralization research, and has the 
potential to inspire sustainable routes for the production of new materials with advanced properties [10].

At the same time, the ubiquitous occurrence of biomineralization influences the geochemical cycling of several ele-
ments on a global scale. In particular, calcium carbonate and hydrated silicon dioxide (silica) are the two most abundant 
biominerals occurring in a wide variety of taxonomic groups including bacteria, protists and multicellular organisms [1]. 
Understanding the cellular factors that control calcium carbonate and silica biomineralization and how they are influ-
enced by environmental factors is therefore important to obtain a full understanding of the elemental fluxes of calcium, 
silicon and carbon in many ecosystems.

The Topical Collection “The Role of Organic Matrices in Biomineralization” is concerned exclusively with examples 
taken from calcium carbonate and silica biomineralization. Biological calcium carbonate occurs predominantly in the 
three crystalline polymorphs (calcite, aragonite, vaterite), whereas biological silica is always amorphous [1]. Despite 
the differences in crystallinity and chemistry of calcium carbonate and silica biominerals, past research has revealed 
similarities between them:

 (i) The biogenesis of most—if not all—crystalline calcium carbonate biominerals proceeds via a transient amorphous 
phase (ACC) [11].

 (ii) Biosilica and biogenic carbonates contain tightly associated organic matrices composed of polysaccharides and/
or (glyco-)proteins [12–15].

 (iii) Complete dissolution of the biomineral under non-hydrolytic conditions separates the organic matrix into a 
soluble and an insoluble fraction [15, 16].

 (iv) The organic matrices of biominerals contain exceptionally high proportions of proteins with intrinsically disordered 
domains [12, 14, 17].

The idea for this Topical Collection originated from the Research Unit FOR2038 (“Nanomee”), which was funded by 
the German Research Foundation (DFG) from 2014–2021. The aim of Nanomee was to investigate the role of organic 
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matrices in the morphogenesis of the intricate, species specific silica structures that are produced by diatoms (Fig. 2) [18]. 
Diatoms are a large group of unicellular, eukaryotic algae that are present in all water habitats, and their photosynthetic 
activity accounts for 20% of the biological primary production in all oceans. Since the Cretaceous, they are key players 
in the geochemical cycles of both carbon and silicon [3]. To date, diatoms have emerged as the prime model systems for 
studying the molecular underpinnings and mechanisms of biological silica formation. Numerous species of diatoms are 
available that can be easily cultured in the lab, an increasing number of diatom genome and transcriptome databases 
have been generated, and methods for their genetic manipulation have been established [19]. These tools provide key 
experimental advantages over the large number of other groups of organisms that produce biosilica.

In this Topical Collection, Nanomee research groups present eight original papers and one review article on the role of 
biomacromolecules diatom biosilica formation. These reports are complemented by two original papers and two review 
articles on calcium carbonate biomineralization in bacteria, corals, snails, and birds. Altogether the contributions are 
grouped into three larger research topics:

1  Cellular and tissue organization

Neri Fattorini & Uwe G. Maier. Targeting of proteins to the cell wall of the diatom Thalassiosira pseudonana.
Sigrid Görgen et al. The diversity of molecular mechanisms of carbonate biomineralization by bacteria.
J. Gautron et al. Avian eggshell biomineralization: an update on its structure, mineralogy and protein tool kit.

Fig. 1  Biominerals. Scanning (A–D, F) and transmission (E) electron microscopy images of  CaCO3-based (A–C),  SiO2-based (D, F), and 
 Fe3O4-based (E) biominerals. A Cell wall of an individual cell of Emiliania huxleyii, a species of coccolithophore (courtesy of J. Young, UCL, 
UK). B Typical stereom structure of an echinoderm (sea urchin) skeleton (courtesy of J. Aizenberg, Harvard University, USA). C Transverse 
section of the primary spine of a sea urchin (courtesy of P. Dubois, Université Libre de Bruxelles, Belgium). D Endoskeleton of an individual 
cell of the radiolaria Lamprocyclas martialis (courtesy of J. Dolven, www. radio laria. org). E Individual cell of Magnetospirillum gryphiswaldense 
containing a single chain of biomagnetite nanocrystals; inset: isolated biomagnetite nanocrystals (courtesy of D. Schüler, Universität Bay-
reuth, Germany). F A microsclere from the demosponge Geodia cydonium (courtesy of I. Zlotnikov, Technische Universität Dresden, Ger-
many). Scale bars: 2 μm (A), 100 μm (B, C), 50 μm (D), 500 nm (E), 10 μm (F)
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2  Biochemical, biophysical, and molecular genetic analysis

Christoph Heintze et al. An intimate view into the silica deposition vesicles of diatoms.
Felicitas Kolbe et al. Solid-state NMR spectroscopic studies of 13C,15N, 29Si-enriched biosilica from the marine diatom 
Cyclotella cryptica.
Helena Leona Ehren et al. DNP-supported solid-state NMR studies of 13C,15N,29Si-enriched biosilica of Cyclotella cryptica 
and Thalassiosira pseudonana.
Adeeba Fathima et al. Precision of fiducial marker alignment for correlative super‐resolution fluorescence and trans-
mission electron microscopy.
Martin Wustmann et al. Chitin synthase localization in the diatom Thalassiosira pseudonana.
Yanai Peled et al. Optimization of skeletal protein preparation for LC–MS/MS sequencing yields additional coral skel-
etal proteins in Stylophora pistillata.
Nicolas Cerveau & Daniel John Jackson. A survey of miRNAs involved in biomineralization and shell repair in the 
freshwater gastropod Lymnaea stagnalis.

3  Computational analysis and modeling

Hagen Eckert et al. Exploring the organic–inorganic interface in biosilica: atomistic modeling of polyamine and silica 
precursors aggregation behavior.
Szabolcs Horvát et al. Computational analysis of the effects of nitrogen source and sin1 knockout on biosilica mor-
phology in the model diatom Thalassiosira pseudonana.
Manfred Bobeth et al. Continuum modelling of structure formation of biosilica patterns in diatoms.

The purpose of this Topical Collection is to highlight that the biomineralization mechanisms of models that are bio-
logically and chemically very different can be addressed through similar experimental approaches and methodologies. 
Furthermore, we want to raise awareness about the importance of identifying mechanistically conserved strategies that 
exists in biomineralization. Such insight is not only key to understanding the mechanisms and evolutionary history of 
biomineralization, but is also required to foster the development of untraveled routes for composite materials synthesis.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, 

Fig. 2  Scanning electron microscopy images of overviews (top) and corresponding details (bottom) of the biosilica from individual cells of 
different diatom species. Scale bars: 5 µm (top), 1 µm (bottom)
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provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in 
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