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Scanning electron micrograph of calcium phosphate 
cements-collagen composite microparticle morphology and 
surface microstructure (inset) prepared by aqueous 
emulsifi cation at room temperature. 

Drug-eluting calcium phosphate 
microparticles developed as 
self-setting 3D scaffold for bone 
tissue regeneration

Bio Focus

Regeneration of defects in the bone 
tissue due to disease or trauma 

continues to be a major challenge in 
orthopedics and dentistry. Autologous 
transplants that are commonly used in 
the clinic suffer from limited availability 
of harvestable tissue in addition to sig-
nifi cant patient discomfort. Engineered 
tissues offer a promising alternative to 
transplants and there is a growing need 
to develop three-dimensional (3D) scaf-
folds for tissue regeneration. 
 Owing to their excellent osteoconduc-
tive properties, calcium phosphate-based 
materials have emerged as promising 
candidates for bone tissue regenera-
tion. Typically, these materials require 
processing at a high temperature (hun-
dreds of degree Celsius) for mechanical 
integrity which renders them unsuitable 
for encapsulation of bioactive molecules 
like drugs and growth factors to enhance 
the therapeutic effects. In a recent study, 
researchers from Dankook University 
in South Korea have prepared ceramic 
microparticles for sustained delivery of 
biomolecules at room temperature in an 

aqueous environment 
that afford easy encap-
sulation of drugs and 
proteins. 
 Self-setting calcium 
phosphate cements 
(CPCs) are being wide-
ly studied as potential 
injectable biomaterials 
to fill bone defects of 
any shape. Reporting 
in the February issue of 
the Journal of the Amer-
ican Ceramic Society 
(DOI: 10.1111/j.1551-
2916.2010.04314.x; p. 
351), J.-H. Park, H.-W. 
Kim, and their colleagues introduce a 
technique to fabricate self-hardening 
microspheres with sizes of hundreds of 
micrometers for use as 3D bone tissue 
matrix prepared by emulsifi cation of 
α-tricalcium phosphate (α-TCP)-based 
CPC mixed with collagen. CPC-colla-
gen composites constitute the two major 
components of the calcifi ed bone matrix. 
Biomolecules can be easily incorporated 
into these microparticles by adding them 
to the collagen liquid phase during emul-
sifi cation. 
 Release kinetics of encapsulated bo-
vine serum albumin indicated a two-step 
sustained release well-suited for con-

trolled delivery of encapsulated drugs 
or growth factors to enhance cell func-
tion in these scaffolds. Furthermore, the 
surface of the α-TCP microspheres was 
covered by nanocrystals of bone miner-
al-like hydroxyapatite phase when the 
particles incubated in simulated body 
fl uid. Results from in vitro cell studies 
indicated that osteoblasts adhere, spread, 
and proliferate on these microsphere 
substrates. Thus, these protein-releasing 
CPC-collagen microspheres hold prom-
ise as a 3D scaffold for bone tissue re-
generation.

Kaushik Chatterjee

Programmable, autonomous 
molecular robot fabricated 
and fueled with DNA

Machines constructed from DNA 
can be made to walk along self-

assembled DNA tracks. The simplest 
devices are controlled by sequential ad-
dition of DNA signals (molecules of sin-
gle-stranded DNA, or oligonucleotides). 
Signal strands interact by hybridizing 
with complementary single-stranded 
DNA to form a double-helical duplex; 
they can also displace a strand from an 
existing duplex. For example, a signal 
strand can hybridize to bind a foot of the 
walker to its track. A complementary sig-
nal strand can then reverse this reaction 

by displacing the “binding” strand, form-
ing a double-stranded waste product and 
freeing the foot to step forward. Such 
strand-exchange reactions can be accel-
erated by several orders of magnitude by 
the provision of “toeholds”—short sec-
tions of exposed single-stranded DNA 
that can initiate hybridization to the in-
vading strand. Strategies for sequestering 
and activating toeholds, for example in 
an autonomous reaction cycle where toe-
hold strands are progressively revealed, 
have progressed to the point where an 
external operator is no longer required 
to control the reaction sequence of the 
walker. Autonomous bipeds that walk 
on a reusable track have been designed 
by coordinating the reactions of DNA 
fuels with the two feet so that the front 

foot remains bound to the track while the 
back foot is lifted. Researchers from the 
same group that demonstrated the biped, 
R. Muscat, J. Bath, and A. Turberfi eld of 
the University of Oxford, recently dem-
onstrated a DNA motor whose sequence 
of movements can be programmed by 
instructions embedded in its DNA fuel 
molecules. Unlike typical bipedal walk-
ing devices, this new motor is normally 
bound to a single anchorage, operates au-
tonomously, and can be programmed to 
choose between branches on the track. 
 As reported in the January 28th 
online edition of Nano Letters (DOI: 
10.1021/nl1037165), Turberfield and 
co-researchers produced a track consist-
ing of addressable anchorages tethered 
to a double-stranded DNA backbone. 

https://doi.org/10.1557/mrs.2011.82 Published online by Cambridge University Press

https://doi.org/10.1557/mrs.2011.82

