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BIOMIMETIC AND BIO-ENABLED MATERIALS SCIENCE
AND ENGINEERING

This special issue of the Journal of Materials Research contains articles that were accepted in response to an invitation for manuscripts.
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Since humans first walked the Earth they have used
structural materials derived from Nature to make tools,
weapons, textiles, and dwellings. Even in ancient times
there was recognition that Nature offered more than just
an abundant source of materials; it offered ideas. Look-
ing at how Nature solved a problem may have helped
early inventors solve countless problems related, for in-
stance, to building a boat, making a shield, or construct-
ing a house. One of history’s great inventors, Leonardo
da Vinci, is famous for his studies of living forms and for
his inventions, which were often based on ideas derived
from Nature.1 The lessons learned by da Vinci and others
were, of course, not always successful, as seen in the
countless efforts throughout the ages by humans to fly
like a bird. Nonetheless, these are the origins of human’s
seeking to solve problems by mimicking Nature. In mod-
ern terms we tend to call this field “biomimetics,” which
essentially means we are seeking to replicate some or all
of the features of a biological system. This is of huge
importance in medicine where biomimetic solutions are
used to treat a range of diseases and conditions. It is
known, for instance, that various materials (often derived
from Nature) have been used to mimic the form and
function of teeth for millennia.2 In medicine our under-
standing of the human body’s anatomy and physiology
has greatly improved over the past 100 years. This has
led to dramatic improvements in our ability to replicate
the form and function of human tissues using artificial
materials. In the latter half of the 20th century, this ability
to replicate human tissue has been the most striking ad-
vance in biomimetics. The approximate development of
biomimetics over the course of human history is shown
schematically in Fig. 1.

In many ways developments in biomimetics have al-
ways been limited by our ability to characterize biologi-
cal systems and our ability to replicate them. Thousands
of years ago all that could be seen was the macroscale
structure of biological systems; hence, it was these mac-
roscale structures that humans sought to replicate. Im-
proved characterization and understanding of the struc-
ture, chemistry, and function of biological systems has in
turn enabled the synthesis of artificial materials that
mimic both their structural form and their function. This
has arguably reached its zenith now that we our able to
characterize biosystems at the level of atoms and mol-
ecules while simultaneously, through the advent of nano-
technology, we are able to design materials on the same
atomic and molecular scale. One result of this is that
biomimetics has been taken in a whole new direction
harnessing the power of biosynthesis techniques. Tradi-
tionally biomimetics has involved making artificial ma-
terials that replicate biological systems, but now it is
possible to utilize biomolecules (nucleic acids, proteins,
glycoproteins, etc.) and microbes (archaea, bacteria,
fungi, protista, viruses, and symbionts) to actually fabri-
cate artificial materials. This development has the poten-
tial to revolutionize nanotechnology because biosystems
synthesize inorganic materials like apatites, calcium
carbonate, and silica with nanoscale dimensions. Beyond
the synthesis of nanomaterials, biological systems pos-
sess the ability to assemble nanoparticles into larger
structures (e.g., bones and shells), effectively performing
large scale integration of the nanoparticles. For scientists
and engineers the scaling up of nanoparticles into large
structures is possibly even more challenging than making
nanoparticles. Replication of these bioassembly proc-
esses promises to be an enormously fruitful area of
research.

In this focus issue of the Journal of Materials Research
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current research in biomimetics and bioenabled materi-
als. The papers span all of the methods and applications
of biomimetics, though there is naturally an emphasis on
the areas that are currently receiving the greatest atten-
tion. There are papers on fundamental topics such as
molecular level interactions and the characterization of
biological materials. Other papers are focused on specific
applications, for example, a group of papers concerned
with the synthesis of apatites, the main inorganic com-
ponent of bones and teeth. The interest in apatite stems
largely from the medical need for new and better mate-
rials for orthopedic and dental applications. This is a
need that is growing rapidly with the aging populations
of many developed countries.

Apatite is a common crystalline form of calcium phos-
phate, found in mineral form in several places as fluor-
apatite. In living systems it is defective hydroxyapatite
that is the inorganic component of mineralized tissues.
Materials scientists and engineers can synthesis artificial
hydroxyapatite by a wide range of techniques, but these
frequently involve high temperatures or other extreme
conditions. It is remarkable that biological systems are
able to synthesis hydroxyapatite crystals of highly con-
trolled geometry, variable stoichiometry, and to assemble
them into complex structures all at temperatures of around
37 °C. This is just one example of how biology is able to
process materials with greater control and more efficiency
than materials scientists and engineers. The astonishing
ability of biological systems to synthesis materials stems
from their chemical, physical, and morphological com-
plexity. This is discussed in the review paper by Vincent3

who examines the idea that artificial materials are typi-
cally made using large amounts of energy while biological
systems circumvent this by using information in materials
synthesis. The information being encoded in the structure of
biosystems from the level of molecules upwards.

The area where biomimetics and bioenabled materials
promise to have the greatest impact lies in making and
assembling nanomaterials. Biomolecules and cells can be
remarkably selective in their binding, which can make
them useful in templating and regulating nanomaterials
synthesis. As well as being highly selective they also
offer immense diversity. The 20 most common amino
acids4 can be combined to form literally thousands of
different polypeptides, all with different affinities and
conformations. Add to this nucleic acids, glycoproteins,
and various other biomolecules, and quickly it becomes
apparent that the diversity is vast. At a larger scale there
are a huge range of viruses, prokaryotic cells (bacteria
and archea), and eukaryotic cells, which might be used in
materials synthesis and assembly. The real challenge fac-
ing researchers in this field then is identifying which
molecule, virus, or cell to use. One solution is to adopt a
combinatorial approach where a wide range of molecules
or cells are used to see if they can perform the desired
function. An alternative approach is to use a predictive
model so that an appropriate biosystem can be chosen.
This, however, raises the specter of understanding and
modeling organic–inorganic interfaces, which is ex-
tremely challenging in its own right.

At the beginning of the 21st century, it is fair to say
that biomimetics is ancient in its origin, but modern in

FIG. 1. Natural materials like wood and bone have been used in structural applications throughout the history of the human race. Biomimetics
first appeared in ancient times when natural materials and structures were replicated using artificial materials like metals and ceramics. In more
recent times biomimetic materials have found applications in medicine where artificial materials have been developed that to some degree replicate
the tissues they replace. Currently, the advent of nanotechnology and advances in our understanding of biological systems has enabled the methods
of biological synthesis and assembly to be applied in material fabrication. This has greatly expanded the range of materials and the range of
applications to which biomimetics is applicable.
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terms of its potential applications and use. This area of
materials research is set for rapid expansion in coming
years, and this will result in substantial technological
advances.
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