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Nature is the ultimate architect

Lambis chirag

Biomimetic (or biological inspired synthesis) is the abstraction of good design from
Nature. Biological materials are often more efficient in their function than their artificial
counterparts. Biomimetic is a multidisciplinary science where ideas from Nature are
harnessed by Biologists, Material Scientists, Chemists and Engineers and used to
design new “smart” materials or structure to perform specific functions
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Biomaterials synthesis using bacterial and virus templates
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left Bacterial surface layers (S layers). Different types of S layers with a diagonal (p1, p2), square (p4), or hexagonal
(p3. p6) symmetry. right TEM image of a gold superiattice prepared by using a square S layer lattice mounted on a
substrate.

left Scheme showing routes for the synthesis of nanotube composites using tobacco mosaic virus (TMV). center
TEM images of iron oxide:coated TMV rods. right TEM micrographs of CdS-mineralized TMV particles.

U. B. Sleytr, et al. Angew. Chem. Int. Ed. 1999
MCSS, 19-29 August 2008, Trest




Biomaterials synthesis using biological nanoreactor and cells
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The ferritin hollow protein cages used as spatially confined bioreactors for the growth of inorganic
nanoparticles (FG.functional group, which acts as a nucleation site for biomineralization)
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wall and the plasma membrane.

Cells are utilized for the production of nano-particles of metals, metal oxides and metal sulfides

T. Kiaus, et al. PNAS, 2003. MCSS, 19-29 August 2008, Trest

Biomaterial synthesis by organisms
Tissue generation - regeneration in the shell

Shell of a wild conch, Stromgus gigas.

Optical micrograph a flat pearl.

a0

SEM images showing the ultrastructure
and the development of “flat pearls”

SEM images (inside view) of microstructure formed
wound repair and in wild shell

M. Fritz, Nature, 1994; X. Su, Chem. Mater., 2004 MCSS, 19-29 August 2008, Trest

Biomaterial synthesis in biological templates
Ordered macroporous chitin-silica composites

SEM images of p-chitin organic matrix
isolated from cuttiebone,

Cutle bone
Sepia officinalis

Mineralized sheets wi
silica loading.

Mann et al. Chem. Mat., 2000 MCSS, 19-29 August 2008, Trest

Biomaterial synthesis in biological templates
Aragonite-hydroxyapatite hydrothermal conversion

SEM images of cross-section Plan-view tablet of HA-

SEM image of a cross section of native
gastropod nacre. fractures through the bulk of nacre converted nacre,

pieces fully converted to HA

Lamelary ructure of cuttiefish
Xt atteme s tagration plots. Typical bilayer features observed at fracture

over 30 regions in @ (indicated) plotied SUrfaces of scaffolds’ walls.
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Zaremba et al. Chem. Mat, 1998
Ferreira et al. Biomed. J., 2005




Biomaterial synthesis in biological templates
Calcite single crystal -hydroxyapatite hydrothermal conversion

The overall shape of the single crystal is conserved and
calcite transformed hydroxyapatite

Biogenic single crystals
of calcite from the mollusc
shell Atrina rigida

Falini et al. Chem. Mat, 2008, submitted

Biomaterial synthesis in Langmiur monolayers
Crystallization in self organizing templates
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Caloite crystal nucleated under n-

eicosylsulphate  monolayer,  and

schematic diagram showing orientation of
tal

Calcite crystals grown under monolayers a) SEM image observed from the side
attached to the monolayer and viewed from the side exposed to the solution. b) SEM
image of a rhombohedral crystal with a concave central region from the side attached
to the monolayerviewed from the side exposed o the solution. c) SEM image of an
indented crystal showing a central patch  image and electron diffraction pattern of a
rhombohedral crystal.

Biomaterial synthesis on biological structured surfaces
Shaping amorphous calcium carbonate
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Schematic representation of a 2D model substrate and the o
procedure for the generation of patterns of CaCO; the cell regions,

Sommerdijk et al. Angew. Chem. Int. Ed., 2006 MCSS, 19-29 August 2008, Trest

Biomaterial synthesis in self assembled monolayers
Crystallization in patterns

Examples of micropatterned CaCO, films formed on the SAM templates

b

Schematic ilustration of the experimental steps for the fabrication of micropatterned substrates used for the crystals growth
a) b) ically assisted ) mechanism of localized crystals growth

Aizenberg et al. Adv. Mat, 2004 MCSS, 19-29 August 2008, Trest




Mineral growth on self assembled monolayers Biomaterial synthesis on structured surfaces
Crystallization of biomaterials in patterns CaCO, precipitation control by means of nanotechnology
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Oriented growth of anthracene on a -3P SAM

Schematic lllustration of the Experimental Procedure for the SAM-

Induced Growth of Organic Semiconductor Crystals from an
Oligoacene/THF Solution

vaterite

ptical micrographs of patterned arrays of anthracene
crystals grown on micropattemed SAMs.

An AFM image of the self-
organized ImSi monolayer over

AFM image of chitin

with Pasp
mica surface
Aizenberg et al. JACS, 2006 MCSS, 19-29 August 2008, Trest K. Ichikawa et al., Chem. Eur. J. 2003, MCSS, 19-29 August 2008, Trest
Biomaterial synthesis on templates Biomaterial synthesis in confinements
Single crystals in structured polymeric templates

Single crystals in structured polymeric templates
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Schematic diagram showing the influence of the
precipitation route on the surface structure of the
templated particles formed.
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a polymer template of sea urchin skeletal plate;
c templated single crystal of calcite precipitated.
Meldrum et al. J.Mat.Chem., 2006

MCSS, 19-29 August 2008, Trest Meldrum et al. J.Mat.Chem., 2006

MCSS, 19-29 August 2008, Trest




Biomaterial synthesis in confinements
Crystallization of confined in patterns
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Schematic presentation of the structure of the epidermis
and dermis in the DAP. Lenses (L), pigment (P), cuticle of i ™ - y(?" o
the epidermis (E), epithelial cells (EC) and nerve bundles probGel microlen arrays om pol .
(N) are indicated. hydroxyethyl methacrylate-co-methyl

methacrylate) by interference lithography.

Aizenberg et al. Science, 2003 MCSS, 19-29 August 2008, Trest

Biomaterial synthesis in confinements
Chitin-silk fibroin substrates
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Synthetic com| materials produced in vitro containing (dewn) calcite and (up) aragonite
crystals in the matrix. The matrix is composed of B-chitin and silk fibroin, as well as soluble
macromolecules extracted from the calcitic and the aragonitic layers of the shell of the Atrina
serrata
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SEM images of chitin-sik fibroin Samples of chitin, chitin silk fibroin
Squid pen composite fim and organic matrix marked with
chitin source ine B

Addadi et al. Conn. Tissue., 2004

MCSS, 19-29 August 2008, Trest

Biomaterial synthesis in confinements
Crystallization collagenous substrates
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Falini et al. Dalton Trans., 2001 MCSS, 19-29 August 2008, Trest

Biomaterial synthesis in gelling environments
Crystallization of calcium carbonate

SEM micrograph of a spheruliic  SEM micrograph of a spherulitic
particle particle cross section
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representation of
the course of
mineralization in
genuine poly-
acrylamide gels
(broken line, and
poly-acrylamide-co-
acrylic acid
hydrogels (solid
line) as a function
of time.
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Acrylamide-co-acrylic  acid
hydrogels as growth medium
for CaCo, in a double-diffusion
arrangement after 7 days (a)
and 28 days (b) mineralization
time.
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0. Grassmann et al. Biomaterials, 2004 MCSS, 19-29 August 2008, Trest




Biomaterial synthesis in structured templates
Nanostructured artificial nacre

Polyelectrolyte folding and P~C ion-pair formation

Ozturk et al.Nature Materials, 2003

MCSS, 19-29 August 2008, Trest

Biomaterial synthesis in gelling environments
Apatite crystal growth in an amelogenin-rich matrix
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functions of amelogenin nanospheres and
fluoride in regulating the mineral phase, habit
and size of the crystals.

ljima et al. Biomaterials, 2005 MCSS, 19-29 August 2008, Trest

Biomaterial synthesis on structured surfaces

Apatite crystal growth in an amelogenin-rich matrix

AFM-image of glass-ceramic substrate after polishing and before
immersion into mineralizing solutions.

Section analysis
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AFM-image of glass-ceramic substrate after polishing and before
immersion into mineralizing solutions.
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MCSS, 19-29 August 2008, Trest
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from biomaterials synthesis ....to toothpaste

La salute del dentl va
oltre quello cho vedi.
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