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1. Introduction 

Biomineralisation spans a wide array of organisms—from bacteria to higher vertebrates—where 

minerals such as calcium carbonate, phosphate, and silica are deposited in highly controlled ways. The 

pioneering work of Lowenstam and Weiner (1989) in their book On Biomineralisation: Mineral 

Formation in Organisms laid the foundation for understanding how living systems control mineral 

deposition. Mann (2001), in his book Biomineralization: Principles and Concepts in Bioinorganic 

Materials Chemistry, expanded on these findings by discussing the fundamental principles behind 

biomineral formation. 

Weiner and Dove (2003) provided an extensive overview of biomineralisation processes in their highly 

cited Chemical Reviews article, where they examined the intricate interplay of organic molecules and 
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mineral phases. Similarly, Meldrum and Cölfen (2008) discussed how mineral morphology can be 

influenced by biological and synthetic control, shedding light on the precise regulation of crystal 

growth. 

2. Mechanisms of Biomineralisation 

2.1 Organic-Inorganic Interactions 

A central theme in biomineralisation is the control over mineral deposition by organic matrices. Addadi 

and Weiner (1985) provided some of the earliest experimental evidence on the interactions between 

organic molecules and inorganic minerals, particularly in mollusc shells. Their study highlighted how 

proteins and polysaccharides influence the size, shape, and orientation of crystal growth. 

Later, Lowenstam and Weiner (1989) expanded on this by demonstrating how organisms utilize organic 

templates to guide mineral nucleation and crystal growth. This work was crucial in establishing the 

concept that biominerals are not simple inorganic structures but rather complex composites with highly 

regulated formation mechanisms. 

2.2 Molecular and Cellular Control 

The role of specific proteins in biomineralisation has been widely explored. Wada et al. (2006) 

described how vertebrate tissues regulate mineral deposition using specialized proteins, while De Yoreo 

et al. (2009) provided a mechanistic understanding of how these biomolecules interact with mineral 

precursors. 

Robey et al. (2009) further explored the molecular regulation of mineralization and highlighted how 

small changes in protein structure can lead to variations in the morphology and properties of the 

mineralized tissues. 

3. Nano- and Microstructural Features 

3.1 Hierarchical Organization 

One of the most striking features of biominerals is their hierarchical organization—from the molecular 

scale up to the macroscopic level. Currey (2002), in his book Bones: Structure and Mechanics, 

examined the structural complexity of biominerals such as bone and nacre, emphasizing how 

hierarchical organization imparts exceptional mechanical properties. 

Hammer et al. (2007) extended this idea by investigating the nanoscale features of biomineral structures, 

showing how they contribute to the overall durability and strength of biological materials. 
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3.2 Self-Assembly Processes 

Self-assembly plays a crucial role in the formation of these complex structures. Towe (1980) was among 

the first to propose that biomineralisation is governed by self-assembly principles, where organic 

molecules act as templates guiding mineral growth. 

More recently, Sun et al. (2010) provided experimental evidence of synthetic biomineralisation analogs 

that mimic natural self-assembly processes. Their research demonstrated how bioinspired strategies 

could be used to develop novel functional materials. 

4. Applications in Materials Science and Biomedicine 

4.1 Bioinspired Materials  

Understanding biomineralisation has inspired the development of novel materials with unique 

properties. Aizenberg et al. (2005) demonstrated how nature-inspired design principles could be applied 

to create advanced materials with enhanced mechanical and optical properties. 

Zhang et al. (2018) further expanded on this by highlighting emerging perspectives in biomineralisation 

research and its applications in materials science, particularly in nanotechnology and biomimetic 

material design. 

4.2 Biomedical Applications 

Biomineralisation has significant implications in the biomedical field. Jackson (1992) investigated the 

structural and biochemical aspects of bone formation, emphasizing its role in regenerative medicine. 

Similarly, Nehrke (1993) explored how pathological mineralisation can lead to diseases such as 

arteriosclerosis and kidney stone formation. 

Dupraz and Visscher (2005) studied microbial carbonate precipitation and its applications in bone 

grafting and biomedical implants, providing valuable insights into biomineralisation-based medical 

treatments. 

5. Emerging Trends and Future Directions 

Recent interdisciplinary research has focused on the molecular dynamics of biomineralisation and its 

potential applications. Weiner (2004) explored how biomineralisation knowledge can be integrated into 

materials science, while Li et al. (2015) proposed strategies for engineering synthetic biomineral 

structures using interdisciplinary approaches. 

Future research directions include: 
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• Nanotechnology Integration: Weiner (2004) suggested that nanoscale insights could lead to better 

drug delivery systems and implants. 

• Environmental Impact: Dupraz and Visscher (2005) explored biomineralisation as a means of 

carbon sequestration and environmental remediation. 

• Synthetic Biology: Li et al. (2015) discussed how engineered organisms could be used to produce 

biomineral-based materials for advanced applications. 

6. Conclusion 

Biomineralisation is a multifaceted process that offers significant insights into both natural phenomena 

and technological applications. With advancements in imaging and molecular biology, researchers 

continue to unravel the complexities of these processes, paving the way for innovations in materials 

science and medicine. This review, drawing on a broad spectrum of research, underscores the 

importance of interdisciplinary approaches to further our understanding of biomineralisation. 
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