
Review

Biosilica as a source for inspiration in biological materials science

MaRcin wysokowski1, Teofil Jesionowski1, and HeRMann eHRlicH2,*,†

1Poznan University of Technology, Institute of Chemical Technology and Engineering, Berdychowo 4, 61-131 Poznan, Poland
2TUBergakademie Freiberg, Institute of Experimental Physics, Leipziger str. 23, 09596 Freiberg, Germany

absTRacT

Biomineralization is an evolutionarily ancient phenomenon and one of the fundamental biological 
processes by which living organisms produce minerals with multifunctional properties. Among the 
more general biomineralization processes, those involving silica (biosilicification), calcium-based 
biominerals (calcification), and iron-based biominerals (biomagnetism) have been described in a wide 
pattern of living organisms, from single cells to higher plants, animals, and even humans. After 25 yr 
of extensive studies of biosilicification, diverse biomacromolucules have been proposed and confirmed 
as active players in this special field of biomineralization. Despite these discoveries, biosilicification 
is still a paradigm and a cause of scientific controversy. This review has the ambitious goal of provid-
ing thorough and comprehensive coverage of biosilicification as a multifaceted topic with intriguing 
hypotheses and numerous challenging open questions. The structural diversity, chemistry, and biochem-
istry of biosilica in viruses, bacteria, plants, diatoms, and sponges are analyzed and discussed here. 
Special attention is paid to prospects and trends in applications of biosilica for technology, materials 
science and biomedicine.
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inTRoducTion

Biomineralogy is an interdisciplinary research field dealing 
with the phenomena of biomineralization, demineralization, and 
remineralization, which have occurred naturally since life began. 
Nowadays, biomineralization is defined as the fundamental 
biological process by which living organisms produce miner-
als with multifunctional properties. These include hardening 
existing subcellular organic matrices and tissues and producing 
protective armors and shells against external damage of diverse 
origins (predators, UV irradiation, toxic metals, etc.), as well 
as performing magnetic navigation. The knowledge that can be 
extracted from biomineralization is the driving force for recent 
progress in biomimetics. This concept is on track to become a 
powerful approach in modern materials science, nanotechnolo-
gies, and biomaterial-inspired chemistry. The best way to enable 
understanding of the basic principles of biomineralization on a 
molecular level is a coherent synergetic approach using explicit 
reasoning and well-tested explanatory principles of multidisci-
plinary experience, knowledge, and new technologies.

Biominerals are minerals produced by living organisms. 
According to the modern point of view, at the most basic level, 
biomineralization is initiated by organic scaffolds capable of 
exerting precise control over the spatial localization of nucleation 
and growth of mineral phases whether amorphous or crystalline. 
Observations of biominerals have looked at typical crystals, and 
that led to the introduction of such terms as “biocrystal” and 

“bio-crystallization” (Cho et al. 1996; Mastropietro et al. 2017) 
because of their origin. Initially it was thought that their crystal-
lographic appearance was determined by the rules of mineralogy 
(Bonucci 2014). On the other hand, there has been increasing 
awareness that the biomineralization process occurs in the con-
text of an organic matrix; and that this plays a conditioning role 
in mineralization by promoting or by inhibiting the deposition 
of the inorganic substance. Several theories based on predomi-
nantly mineralogical or on predominantly biological concepts 
have consequently been put forward, but in neither case has any 
definitive explanation of the mechanism of biomineralization 
emerged. As a result, the whole topic is still widely debated 
(Pokroy et al. 2004; Gower 2008; Checa et al. 2013; Zolotoyabko 
2017). According to previous studies, “biocrystals” which can 
also possess polycrystalline and mesocrystalline behavior diffract 
X-rays and electrons in a similar way to single crystals on the 
meso-scale. However, other studies, such as that of Pokroy et 
al. (2004), have revealed that in biological calcite and aragonite 
the crystal lattices are anisotropically distorted, and attribute this 
to the action of intracrystalline biomolecules. This diverse set 
of proposed pathways results from the complexity of both the 
free-energy landscapes and the reaction dynamics that govern 
particle formation and interaction within diverse biomineralizing 
systems (De Yoreo et al. 2015).

The main challenge in a search for a definitive solution to 
the problem of the mechanism of biomineralization is the need 
to revisit certain widespread beliefs. There is a deeply rooted 
conviction that the inorganic substance has from the outset a 
crystalline organization, which then persists unchanged until the 
tissue is eventually reabsorbed; however, the actual evidence 
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