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Like the six blind men of the fable
attempting to conjure the shape of
an elephant by touching one its
trunk and the other its leg, nano -
technology means many different
things to many different people. The
widely accepted U.S. National Nano -
technology Initiative definition, “the
understanding and control of matter
at the nanoscale, at dimensions be-
tween approximately 1 and 100 nm,
where unique phenomena enable
novel applications”, aims at distin-
guishing nanotechnology from min -
iaturization and at emphasizing the
unusual physico-chemical proper-
ties that materials exhibit at the
nanoscale. Yet, the development of
visualization tools to study nano -
scale objects and that of innovative
methods to fabricate nano/microme-
chanical systems and fluidic devices
have been powerful forces in the
birth and continued growth of nano -
technology. The addition of the
 qualifier “bio” – in itself an enor-
mously vast area with its own clades
and clans – could only complicate
the picture. Indeed, self-defined bio-
nanotechnologists and nanobiotech-
nologists soon appeared, perhaps
 attempting to capture in a name
their grounding in a given discipline,
or define the nature of the path that
led them to nanotechnology. 

In this Special Issue of Biotech-
nology Journal, we have assembled
11 manuscripts to compare and con-
trast the “nano bio” and “bionano”
fields and highlight where and how
these two areas dovetail within a
continuum of length scales, techni-
cal approaches and scientific goals.
The first five “nanobio” articles em-
phasize the development of minia-
turized tools and devices for stem
cell research, regenerative medi-
cine, developmental biology, neu-
rosensing, and protein drug delivery;

the following six “bionano” articles
focus on self-assembly and the use of
biological materials and systems to
develop novel nano-enabled prod-
ucts.

Advances in nanobiotechnology
are highly dependent on newly es-
tablished quantitative experimental
methods that enable high-through-
put screening and high information
content analysis of biological sam-
ples. Importantly, due to scaling ef-
fects at the micro- and nanoscales,
the minimum sample volumes up to
several hundred picoliters to micro-
liters are often required to achieve
sufficient detection limits in low
abundance analytes. Many of these
technologies allow for the integra-
tion of multiple functional character-
istics onto miniaturized assay plat-
forms, with parallel multiplexed
 microfluidic functionalities. In addi-
tion, new biomimetic three-dimen-
sional cell culture environments can
provide unique experimental plat-
forms for cell-based assays.

In the following pages, Cooper-
White et al. [1] present a comprehen-
sive review of micro- and nanofabri-
cated arrays providing cellular envi-
ronments for stem cell handling and
regenerative medicine. Takayama
and coworkers [2] describe the use of
microfluidics to culture stem cells
and study the effect of stimuli on the
culture and differentiation of pluripo-
tent stem cells. Lu and co-authors [3]
highlight various microfluidic tools
that have been developed to manip-
ulate small organisms for develop-
mental biology studies and drug dis-

covery. Nam et al. [4] demonstrate a
single-cell-sized neural microelec-
trode with gold grain-shaped nano -
structures, improving neuroelec-
tronic interfaces for neural recording
and stimulation using rat hippocam-
pal neuronal cultures. Finally, in an
article that forms the bridge to the
bionano section of the issue, Lee and
coworkers [5] describe a novel tech-
nique for controlled delivery of
thrombin that relies on DNA nano -
structures and thrombin-binding
 aptamers.

Bionanotechnology borrows in-
spiration from nature and aims at
 improving upon its already remark-
able performance by allowing for the
synthesis, physico-chemical modifi-
cation, and assembly of novel mate-
rials, structures and systems with
exquisite control over composition,
geometry and function. Here, self-
assembly schemes driven by de-
signed and designer biomacromole-
cules play an essential role, hierar-
chy is important, and the formidable
inventory of tools and techniques de-
veloped by molecular, synthetic and
computational biologists can be fully
exploited. Because it relies on bio-
logical processes that operate best
under mild conditions or tempera-
ture and pressure, bionanotechnolo-
gy also has the ambition of becom-
ing the “green” arm of nanotechnol-
ogy. 

In the “bionano” part of the Spe-
cial Issue, LaBean and coworkers [6]
describe how the self-assembly of a
novel DNA dendritic nanostructure
can be used for the detection of arbi-
trary DNA sequences. Clark et al. [7]
re-engineer the filamentous γ-pre-
foldin of the hyperthermophile
Methanocaldococcus jannaschii to
template the formation of platinum
nanowires (also see the commentary
by Dordick [8]). Yi et al. [9] use to-
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Nanobio and bionano are bound to
converge … what the name of the
field will be finally, remains to be
seen.
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bacco mosaic virus mRNA of differ-
ent lengths to produce viral building
blocks of well-controlled dimensions
with an eye towards nanoelectronics
and nanocatalysis applications. Gru-
ber and coworkers [10] show that it is
possible to develop an economically
viable process for the production of a
new bifunctional peptide that bind
both to hair and pigment nanoparti-
cles for hair coloring. Finally, Chen et
al. [11] investigate how nanoparticle
size affects the  enzymatic activity of
immobilized enzymes while Tamer-
ler and coworkers [12] use a gold-
binding peptide to control the orien-
tation of immobilized enzymes at
gold surfaces.

We hope that the papers featured
in this Special Issue will help illus-
trate the essence of nanobio and bio-
nano. More importantly, just like top-
down and bottom-up approaches
will need to merge to fully realize the
promise of nanotechnology; nanobio
and bionano are bound to converge
in a not-too-distant future. What the
name of the field will be finally, re-
mains to be seen.
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