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Transition from Nonhuman to Human Living
Nanostructures
Overcome Challenges in Biotic
and Abiotic Interfaces through
Bio-inspiration
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M AT E R I A L S S C I E N C E

Inching up the Wall

BIOCHEMISTRY

The sight of ivy clinging to a wall may evoke serene
contemplation, but for the plant, wending up there
takes some work. How do the slender stems scale a
sheer surface without slipping back down to the
ground? More than 100 years ago, Darwin noted a
yellow secretion accompanying the climbing
process. Zhang et al. have now taken a closer look
and observed a multitude of nanoparticles emanating from disks that the ivy stems pressed
against silicon or mica substrates as they grew.
After pulling away the branches, the authors used
atomic force microscopy to characterize the fairly
uniform distribution of ~70-nm-diameter parti-

cles. Chemical analysis by extraction into organic
solvent and subsequent high-performance liquid
chromatography revealed a complex composition,

Distinctive Individualism

Single-molecule studies have shown that enzyme
activities can differ substantially from the average measured in ensemble experiments and that
rates of a single enzyme can vary because of conformational fluctuations. Most experiments, however, have not looked at a large enough number
of molecules to characterize the stochastic nature
of enzyme kinetics. Rissin et al. use an array of
50,000 40-fl reaction chambers in which most
chambers were empty but approximately 5%
contained a single molecule of b-galactosidase.
Hydrolysis of a nonfluorescent substrate to a fluorescent product was monitored simultaneously for
about 200 enzyme molecules. Averaged singlemolecule turnover velocities agreed well with
bulk measures, but there was a wide distribution
in activities, confirming the heterogeneity within
enzyme populations observed previously. The
variability in rate was independent of substrate
concentration, suggesting that it arises from
variability in kcat. The effect of enzyme activity
distribution on metabolic pathways remains to be
determined. — VV

J. Am. Chem. Soc. 130, 10.1021/ja711414f (2008).

Bent on explosives

Bioluminescent switch

Appl. Phys. Lett. 92, 134102 (2008)
To detect minute
quantities of
explosive
materials,
small, cheap
and rugged
detectors are
used. Ideally,
they should be
able to detect explosives from a safe
distance. Apart from relatively expensive
spectroscopy techniques, cheap and
practical devices based on microcantilevers
have been successfully applied to detect
even small quantities of explosives.
Previously, their function was based on
explosive molecules being adsorbed on the
surface of the cantilevers. On irradiation
with suitable infrared light the molecules
absorb radiation, and as a consequence the
cantilevers heat up and bend. This bending
can be detected through the deflection of a
laser beam. Now Van Neste and colleagues
use a modified approach that also works
from a distance. Tunable infrared radiation
is directed at a surface that contains
traces of explosives, where the light is
absorbed by the molecules depending
on its wavelength. This absorption is
detected in the reflected light beam that is
focused onto the microcantilever, where
its absorption by the cantilever leads to
a proportionate bending. On measuring
complete absorption spectra, moleculespecific sensitivities of 100 ng cm–2 have
been achieved.

Angew. Chem. Int. Ed.
doi:10.1002/anie.200704440 (2008)
Molecular switches are of increasing interest
for use in, for example, nanosensors and
memory devices. Now, Krystal Hamorsky
and colleagues present a switch that uses
bioluminescence as the on/off signal,
providing better detection capabilities than
the usual fluorescent counterparts. The
researchers modified the bioluminescent
protein aequorin (AEQ) by inserting
the glucose binding protein (GBP) into
the structure, separating the two AEQ
fragments. In the presence of glucose, GBP
undergoes a conformational change that
brings together the fragments of AEQ, which
then bioluminesces at 469 nm — the ON
state. Without glucose, the AEQ fragments
are held too far apart to assemble and emit
light — the OFF state. The bioluminescent
intensity was found to increase in
proportion to the concentration of glucose,
with the ON and OFF states being in the
range of blood glucose levels, which implies
that this method could be used for clinical
detection of this important molecule.
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Protein moulding
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<< An Inside Job?
Toll-like receptor (TLR) 4, which recognizes bacterial
cell wall components, interacts with the TIRAP-MyD88
pair of adaptor proteins to stimulate the production of
inflammatory cytokines, and also with the TRAM-TRIF adaptor pair to stimulate the production of
type I interferons. Curious about how TLR4 coordinates activation of these two signaling pathways,
Kagan et al. analyzed TLR4 location in macrophages and found that it was present both at the
plasma membrane and in early endosomes. Inhibition of dynamin-dependent endocytosis
prevented lipopolysaccharide (LPS)-induced internalization of endogenous TLR4 and blocked
TRAM-TRIF-dependent phosphorylation of the transcription factor IRF3 (and the expression of
target genes) whereas TIRAP-MyD88-dependent phosphorylation of p38 mitogen-activated protein
kinase and IkBa degradation were unaffected. Although TIRAP localized to the plasma membrane,
TRAM was present at both the plasma membrane and in early endosomes. Analyses of LPS-induced
cytokine production by TRAM localization mutants indicated that TLR4 signaling through TRAMTRIF took place in endosomes. Noting that no known TLRs stimulate type I interferon production
from the plasma membrane (TLR4 had been thought to be the lone exception), the authors propose
that TLR4 stimulates TIRAP-MyD88 signaling from the cell surface and initiates TRAM-TRIF
signaling only after internalization. — EMA
Nat. Immunol. 9, 361 (2008).

5 µm

J. Am. Chem. Soc. doi: 10.1021/ja8014428 (2008)
Established syntheses of protein particles
have been unable to control particle
size and shape, while maintaining the
functionality of the biomolecules. Now,
Jennifer Kelly and Joseph DeSimone
have overcome these problems by using
lithographic and templating techniques

global design strategy has remained unclear.
Marc Barthélemy and Alessandro Flammini
have now developed a parameter-free model
that is based on a local optimality principle.
Their model assumes the formation of
local city centres over time. Consequently,
these centres are connected to the existing
road structure in the most efficient way.
The developing road network matches the
statistics of many large cities very well, for
example in the ratio of roads to intersections.
Further improvement is achieved if the spatial
distribution of the centres in the model
follows the known exponential decrease of
population density from the main city centre.
The model shows a remarkable universality
in the formation of road networks, although
it may not seem entirely surprising that shortterm planning and local optimization are the
driving factors in the development of urban
transportation networks.

Climbing secrets

How cities are built

Phys. Rev. Lett. 100, 138702 (2008)
Urban planning often seems a contradiction
in terms. Indeed, networks of city streets
have a striking resemblance to natural
transportation structures such as rivers,
plant leaves or blood vessels. However, how
a road network develops in the absence of a

to make insulin and albumin particles of
specific size and shape. The mild fabrication
method works by making a polymeric
mould with cavities that are filled with
protein solution and, after the majority of
water is removed, the protein particles can
be transferred onto a thin film of medical
adhesive. This forms an array from which
individual particles are collected when the
adhesive film is dissolved. Monodisperse
cubes and more complex structures
(pictured), in the size range of hundreds
of nanometres to a few micrometres can
be made using this route. In addition, the
researchers incorporate therapeutic agents,
for example, paclitaxel, into the albuminbased materials — a combination known
to be effective in cancer therapy — making
these particles attractive vehicles for
drug-delivery applications.
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Nano Lett. doi: 10.1021/nl0725704 (2008)
It climbs up walls but has no legs, what is
it? If ‘ivy’ is the obvious solution to this
children’s riddle, the answer to the more
scientific question ‘how does it do it?’ is far
less clear. Darwin had observed that the
adhering disks of this wall climber secreted
a yellowish substance; Mingjun Zhang
and colleagues have now examined these
secretions more closely. They grew ivy for a
week onto both silicon and mica substrates,
and then examined the released substance
with an atomic force microsope (AFM). The
AFM revealed a rather uniform distribution
of nanoparticles, of a few tens of nanometres
in size. Using chromatography and mass
spectrometry the researchers found
19 organic compounds in these particles,
all with the tendency to create hydrogen
bonding. It is reasonable that millions of
adhering disks, each secreting nanoparticles
that can create hydrogen bonds with rocks
and bricks, can generate enough adhesion
for ivy to affix to a surface. Apart from
exploring the secrets of ivy, the results may
inspire the synthesis of new materials for
engineering applications.
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The structures remain stable over a
wide temperature range, suggesting they
are suitable for a variety of applications.
Moreover, the alloys were tested in
cooling devices and it was found that
they performed significantly better than
commercially available materials.

GRAPHENE

Keep it simple

© 2008 AIP

Phys. Rev. Lett. 100, 105006 (2008).

of which the 19 most prominent components were
characterized by mass spectrometry. These compounds ranged in molecular weight from ~300 to
~700, comprising 18 to 38 carbons together with
hydrogen, nitrogen, oxygen, and sulfur. The precise adhesion mechanism remains unclear, but the
authors highlight the high surface area of contact
fostered by nanoparticle secretion. — JSY

Downloaded from www.sciencemag.org on April 3, 2008

generated magnetic and electric fields present in
the plasma channel can themselves be used as a
miniature undulator. X-rays with energies up to 50
keV can thereby be produced, offering the possibility of reducing large-scale, national facility apparatus to instruments of more modest size. — ISO

Appl. Phys. Lett. 92, 123110 (2008)
Potential applications of graphene — a
single layer of carbon atoms — in
nanoelectronics are limited by the lack
of simple procedures for producing
freestanding membranes and fabricating
nanoscale structures on them. Now
Jannik Meyer and colleagues at Berkeley
have developed a straightforward way to
overcome these problems by using electron
beam induced deposition (EBID) of carbon
to fabricate periodic patterns on freestanding graphene.
The Berkeley team started by making
graphene flakes by repeated peeling of
pyrolitic graphite — the ‘scotch-tape
method’ — and then demonstrated three
different methods for transferring the
graphene to a commercial grid for electron
microscopy. All three methods rely on the
addition of a drop of isopropanol, which
then evaporates to pull the grid so that it
makes good contact with the graphene.
The samples were then inserted into
a transmission electron microscope and
patterns of carbon were directly deposited
by EBID, the smallest pattern being an array
of dots with a spacing of 5 nm.

molecules are traditionally used in molecular
electronics experiments, but this means that
little is known about the detailed relationship
between molecular structure and device
performance. Now Yutaka Matsuo,
Eiichi Nakamura and colleagues at the
Japan Science and Technology Agency have
synthesized rigid fullerene-based molecules
that allow them to study such relationships.
The molecules had five anchoring legs
and a cavity that can accommodate various
organic or metallic groups with minimal
change to the overall shape, which made
it possible to systematically change the
donor molecule and study the effect on
performance. By changing the lengths of the
anchoring legs they could also investigate
the effects of different orientations of the
molecule with respect to the surface.
The molecules were then deposited as
self-assembled monolayers on an indium/
tin oxide surface and exhibited respectable
quantum yields for photocurrent
generation when illuminated. More
importantly, it was also shown that the
molecular structure and orientation has an
effect on the direction of current.

NANOELECTRONICS

Logical progression

TOP DOWN BOTTOM UP

Ivy league

A phenomenon that interested
Charles Darwin has led to bioengineers and
chemists working together.
Mingjun Zhang, a professor of
bioengineering and robotics at the
University of Tennessee, was playing
with his son one afternoon when he
noticed some ivy climbing over the
fence in his backyard. Curious about the
climbing mechanism, and the yellowish
material secreted by the ivy, Zhang pored
through the literature and found just one
publication on the subject — a book by
none other than Charles Darwin in 1876.
He then got three former colleagues from
Agilent Technologies interested in the
problem and they decided to look at ivy in
more detail.
The team started by allowing
ivy branches to climb up silicon and
mica wafers in their lab for a week.
Harry Prest and Steve Fisher, who are
chemists at Agilent Labs in California,
then isolated and analysed the yellow
secretion using chromatography, while
Maozi Liu imaged it with an atomic force
microscope. To their surprise, they found
that the ivy secreted a large number of
nanoparticles with diameters of about
70 nm. Chemical analysis revealed the
presence of a large number of different
compounds, but Zhang and co-workers
were able to show that oxygen, nitrogen
and sulphur — elements widely known
for their ability to form hydrogen
bonds — featured strongly (Nano Lett.
doi:10.1021/nl0725704; 2008). The team
concluded that hydrogen bonding and
weak adhesion (due to the presence of
tiny ‘fingers’ in the rootlets of the ivy)
made it possible for the ivy to climb.
Besides providing inspiration for Zhang
in his work as an engineer, the work
might also lead to new ways of making
eco-friendly nanoparticles.
“It is not difficult to start an
interdisciplinary collaboration because
most people will be interested,” says
Zhang. “The problem is that most of the
preliminary work is not funded, so we
must work around our main research
schedule and consider it an investment.”
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MOLECULAR ELECTRONICS

Shedding new light
J. Am. Chem. Soc. 130, 5016–5017 (2008)
Two issues are important in the design of
organic molecular electronic devices — how
the donor and acceptor modules are built
into the molecule and how the molecules
are oriented on the electrode. Flexible

Appl. Phys. Lett. 92, 093101 (2008)
The ability to manipulate single electrons
represents the ultimate miniaturization
of electronics. Researchers have already
built transistors that rely on the quantum
tunnelling of single electrons for their
operation. Now Jung Choi and co-workers
at Chungbuk National University and
Hokkaido University have demonstrated
two multi-valued logic gates based on
single-electron transistors (SETs) that could
be used in fast arithmetic circuits.
Choi and co-workers used electronbeam lithography to make silicon SETs that
were less than 100 nm in size. The logic
gates were formed by combining two such
devices with a field-effect transistor, so that
the two input voltages to the SETs acted
as the two binary inputs to the logic gates.
When the SETs were aligned in series, the
circuit functioned as a NAND (‘not and’).
Connecting them in parallel resulted in a
NOR gate.
Moreover, the researchers noticed that
when they adjusted the size of the binary
input voltages they could make the NAND
gate to behave as an OR gate, and similarly
make the NOR gate behave as an AND
gate. This functionality is unique to SETs,
making them potentially more flexible for
logic circuits than traditional metal oxide
semiconductor transistors.

The definitive versions of these Research
Highlights first appeared on the Nature
Nanotechnology website, along with other
articles that will not appear in print. If citing
these articles, please refer to the web version.
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Whirligig Beetles Inspire Energy-Efficient Robots
ScienceDaily (Nov. 29, 2012) — Whirligig beetles
are named for their whirling movement on top of
water, moving rapidly in and taking off into flight.
Share This:

A pathogen that attacks the small intestines of humans and animals is serving as the inspiration for developing robots that
can fight disease and aid in military operations. Mingjun Zhang, associate professor in mechanical, aerospace and
biomedical engineering, at the University of Tennessee, Knoxville, and his team have made significant findings about the
swimming and attachment of the microorganism Giardia. Giardia causes one of the most common gastrointestinal
diseases in the world, giardiasis. For 250 years, scientists have tried to understand how the microorganism is able to
attach to a multitude of surfaces and swim in harsh environments—enabling it to infect many kinds of species while most
parasites have specific hosts. Zhang and his team have made significant progress to solve the puzzle.
"We found each of the four pairs of flagella conducts different functions," Zhang said of some of the team's findings. "This
is amazing considering the length of the flagella is only about eight to 12 micrometers each, with a diameter of a few
hundred nanometers."
The team's discovery can aid in fighting the pathogen's attack and others like it. The discovery may help to develop a way
to block its attachment in the human intestine as an alternative for treating the disease. The discovery may also lead to
bio-inspired swimming micro-robots for nanomedicine, such as site-specific controlled drug delivery and less invasive
surgical procedures. For instance, micro-robots can navigate through the body to break up kidney stones, deliver drugs to
specific sites after injection and reduce the invasiveness of surgery.
On a larger scale, knowing Giardia's inner workings may buoy an energy-efficient propulsion system for underwater
vehicles or designs for quick turn and agile control of underwater vehicles. The findings of Giardia's unique attachment
and landing procedures may also inspire a more accurate and quick surface attachment mechanism.
"Giardia seems to be one of the most sophisticated swimming microorganisms and is very efficient and intelligent in terms
of controlling its swimming behavior and energy utilization," Zhang said. "It is a source rife with bio-inspiration and
innovation."

Source: University of Tennessee at Knoxville
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While many may have found the
movements curious, scientists have
puzzled over the apparatus behind
their energy efficiency -- until now,
thanks to a study performed by a
team led by Mingjun Zhang,
associate professor of mechanical,
aerospace and biomedical
engineering, at the University of
Tennessee, Knoxville.
"The propulsive efficiency of the
species has been claimed in
literature to be one of the highest
measured for a thrust-generating
apparatus within the animal
kingdom," Zhang said. "But nobody
knew exactly why, so we conducted
a quantitative study with experiment
support that uncovered this
mystery."
Zhang saw the curious beetle as
inspiration for developing energyefficient propulsion mechanisms for
swimming vehicles and robots. His
team discovered separate leg
functions, alternative patterns of leg
propulsion, a unique take-off
technique and maximizing surface
area as key to the beetle's inner
workings.
The findings have been published in
this month's PLOS Computational
Biology.
His team performed a combination
of microscopic high-speed imaging,
dynamics modeling and simulations
to unlock the beetle's secret.

They discovered each of the beetle's three pairs of legs
conducts a different function. Their curved swimming
trajectories gained energy efficient over linear trajectories by
alternating the ways leg propelled. Using high-speed cameras,
the researchers observed that the beetles beat their legs in
different directions in order to transition from swimming to
diving. This provides the force required to alter the angle of
the body's tilt and break the surface tension of water. Finally,
the swimming legs rely on the extension of "swimming
laminae" to increase the surface area and generate larger
thrust.
"Nature folds the laminae, or a thin tissue, after the beetle is
done moving its legs," Zhang said. "It extends it when it is
propelling to generate thrust. The legs may also be oriented at
different angles, so that the maximum area is not
perpendicular to the direction in which the beetle is moving. I
am always amazed how nature does this with the small
organism."

Check out our next project, Biology.Net
We hope you enjoyed reading this article. Share it with friends, pin it to a
wall or at the very least recycle it! And don't forget, you can always find
more of the same at e! Science News - http://www.esciencenews.com
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Zhang's team looks to nature for inspiration in engineering. By
studying the movements of the whirligig beetle, the team is
applying nature's principles to bio-inspired swimming and
diving robots. He is designing the robots for the Office of
Naval Research through their Young Investigator Program
award which he received in 2011. The award gives him
$170,000 in annual research grants for three years.
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Researchers are studying the adhesive properties of sundew plants and the nanoparticles in English ivy
for innovative medical applications
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Light micrographs of the whirligig beetle. (A)
Dorsal view of the beetle, demonstrating the
overall shape. (B) Ventral view of the beetle
showing the fore, middle and hind legs. (C&D)
Micrographs of dissected middle right (C) and left
(D) legs. (E&F) Micrographs of dissected hind
right (E) and left (F) legs. Measurements of leg
length (Lh and Lm) and area (Sh− and Sm−) were
made from micrographs of dissected legs. The
scale bars are 1 mm. (Credit: Zhonghua Xu, Scott
C. Lenaghan, Benjamin E. Reese, Xinghua Jia,
Mingjun Zhang. Experimental Studies and
Social Networks
Dynamics Modeling Analysis of the Swimming
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Related Stories
Beetles Use Dung Balls to Stay Cool
(Oct. 22, 2012) — Dung beetles roll their
feasts of dung away to avoid the hoards
of other hungry competitors at the dung pile. But
now a team of researchers from South Africa and
Sweden have discovered that they also ... > read
more
Beetle Flight: Flapping Protective
Wings Increase Lift (May 29, 2012) —
The forewings of beetles, the elytra, are
hardened structures which protect the insect’s
flying wings and body. The function of the
forewings in flight has been questioned, which is
what ... > read more
Bark Beetle Management and Ecology in
Southern Pine Forests (Apr. 23, 2012) — New
research suggests that preventative measures are
most effective in minimizing losses to bark beetles,
and several factors should be considered in
planning bark beetle management ... > read more
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The tentacles protruding from the sundew secrete a powerful adhesive.
Credit and Larger Version

October 17, 2011
Fifteen small sundew plants perch on a window sill, collecting sunlight and eating meat in the lab of Mingjun Zhang
on the University of Tennessee's Knoxville campus. Sundew plants are carnivores, consuming insects by capturing
them with small adhesive balls on the ends of their tentacles.
The tentacles and their adhesive properties may be nature's design for catching insects, but Zhang's research team
hopes that one day this same adhesive can help attach your grandmother's replacement hip or your artificial knee
without fear that your bodies will reject it.
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Post-doctoral researcher Scott Lenaghan explained that the idea behind this research at the Nano Bio-systems and
Bio-mimetics Lab is to learn from biological principles and apply engineering along the way to develop an end
product that uses these compounds and principles to advance technology.
Finding organic biomaterials

+14

The lab's goal is to study biological material on the nanoscale--a million times smaller than a grain of sand--in hopes
of mimicking what nature has done for millions of years and applying it to daily life, just like soaring birds inspired
the creation of airplanes.

... from NewsDaily.com
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In medical replacement operations, "you need something cells can recognize and attach to," Lenaghan said. With the
sundew, the researchers may have found just that, as the nanoparticles in its adhesive are easily recognized by
human cells.

U.S. launches new
project to develop electric-vehicle batteries

In addition to research on the astounding adhesive properties of the carnivorous sundew plant, Zhang and his
colleagues are exploring nanoparticles found in English ivy. These particles can scatter light, and may possibly be an
alternative to the metal-based nanoparticles currently used in sunscreen, said Lenaghan. The researchers reported
their work, supported by grants from the National Science Foundation (NSF) and the Army Research Office, in a
2010 paper in the Journal of Nanobiotechnology.
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In August 2010 journal, Zhang's group published the article "Nanofibers and nanoparticles from the insect-capturing
adhesive of the sundew (Drosera) for cell attachment." The researchers reported that naturally occurring nanofibers
and nanoparticles from the secreted adhesive of the sundew show a high compatibility for attaching cells.
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