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RESEARCH IN BRIEF

An artifi cial nose could sniff out poisons, ex-
plosives or drugs. Now researchers at the Max 
Planck Institute for Polymer Research and the 
Max Planck Institute for Biochemistry have 
drafted an instruction manual for integrating 
membrane proteins into artifi cial structures. 
Membrane proteins are responsible for several 
important roles in the cell, including serving 
as receptors that pass signals on from, for in-
stance, molecules in the air to the cell interior. 
Membrane proteins are thus ideal biosensors, 
but until recently, they have remained relatively 
inaccessible in the lab. Max Planck scientists 
have now succeeded in inserting membrane 
proteins produced by cell-free protein synthesis 
directly into artifi cial lipid membranes. 
(ANGEWANDTE CHEMIE, International Edition, 
January 15, 2007)

The senses of living organisms function through 
various mechanisms, including using membrane 
proteins as receptors. Scientists at the Max Planck 
Institute for Polymer Research and the Max Planck 
Institute for Biochemistry have now succeeded in 
constructing biosensors in which such proteins, 
more specifi cally odorant receptors, are incorpo-
rated into artifi cial structures. They obtained the 
membrane proteins from cell-free protein synthe-
sis – directly from the genetic information intro-
duced into a cellular extract.

Previous attempts to create biosensors from 
membrane proteins failed due to the unique prop-
erties of these proteins, namely, they are insoluble 
in water. Scientists thus tried to extract these pro-
teins from cellular membranes using detergents. 
But this resulted in destroying the particular fold-
ing structure of the proteins – precisely the struc-
ture that is responsible for their specifi c function. 
“We quickly realized how complicated it is to ob-
tain such membrane proteins. We, and other 
groups, simply couldn’t deal with them using con-
ventional methods,” explains Eva-Kathrin 
Sinner from the Max Planck Institute 
for Polymer Research in Mainz.

However, the Max Planck 
scientists have now found a 
way around this. They suc-
ceeded in integrating the 
proteins into an artifi cial 
matrix, just like would be 
found in a natural mem-
brane system. During their 
production, the scientists 
provided the nascent mem-
brane proteins with an artifi -
cial lipid membrane system re-
sembling natural cell membranes 

– and the membrane proteins actually inserted 
themselves into the artifi cial membranes. In their 
experiments, the researchers used odorant recep-
tors from the class of G-protein coupled receptors 
isolated from brown rats. The scientists were also 
able to prove that the odorant receptors were still 
biologically active by detecting the binding of 
odorant molecules. “We now have a kind of in-
struction manual for producing and analyzing pre-
viously highly inaccessible membrane proteins in 
their active structure,” says Sinner.

BIOSENSORS

Blueprint for a Molecular Nose
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An artifi cial nose could sometimes be a great 
help: the new procedure developed by Eva-Kath-
rin Sinner and her research group now makes it 
possible for the fi rst time to analyze the natural 
functions of such membrane proteins in situ. 

Not only can the method be applied to ar-
tifi cial noses that can be used to 

trace explosives or drugs; it is 
also extremely signifi cant for 

pharmaceutical research, 
making possible the anal-
ysis of active agents that 
interact with receptors – 
something that was pre-
viously inaccessible. To 
simplify such applica-
tions, the scientists now 

want to replace the lipids 
in the membranes with 

block copolymers, making the 
matrix stable in air. ●

MATERIALS SCIENCE

Strength through Gel
For athletes, gelatinous muscles are certainly 
not something to be pleased about – but they 
are for materials scientists at the Max Planck 
Institute of Colloids and Interfaces in Potsdam 
and Bell Laboratories in the US: scientists there 
have developed a substance made from a gel 
and silicon needles that works like a muscle. 
Furthermore, they’ve constructed a nanometer-
sized grip arm out of this active material by 
exploiting a simple but extremely effective nat-
ural principle. They exploit the ability of gels to 
perform mechanical work by absorbing and 
releasing water – just as plants do. (SCIENCE, 
January 26, 2007)

Using this simple principle, scientists have pro-
duced two different substances: HAIRS-1 and 
HAIRS-2.

In HAIRS-1, the silicon needles are distributed 
in parallel throughout the gel. When the gel con-
tracts, this pulls on the silicon needles and tips 
them sideways. The material behaves like an arti-
fi cial muscle. The silicon needles in HAIRS-1 are 
simply embedded in the gel, but in HAIRS-2, the 
needles are also anchored fi rmly to a silicon sur-
face. “In contrast to HAIRS-1, the silicon needles 
in HAIRS-2 cannot tip sideways when the gel con-
tracts,” explains Fratzl. In HAIRS-2, the needles 
must bend – groups of four neighboring needles 
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As if grabbing on command, the four-armed grippers stand out in the active 
hybrid substance HAIRS-2. Scientists anticipate using the new substance to 
generate movement that is controlled by changing the air humidity.
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bend toward each other and form a four-pronged 
grip arm.

This specifi c arrangement occurs because capil-
lary forces come into play when the gel contracts. 
The gel behaves like water on a surface – it tries 
to reduce its surface tension, resulting in one gel 
droplet sitting between four needles, forming a 
kind of four-cornered pillar. When the gel con-
tracts, it pulls the needles at the corners inward, 
creating a four-pronged grip arm. The gripping 
movement of the needles is completely reversible 
– if the gel is rehydrated, it expands and the 
needles move back to their upright position.

The new hybrid substance is the fi rst active 
material that works based on the principle of 
fl ower petals and pinecones. Even before biolo-
gists found it in plants, American architect and 
engineer Buckminster Fuller discovered it and 
built houses following this principle. “We let our-
selves be inspired by biology to create this active 
substance,” says Fratzl: “And it could fi nd applica-
tions as microactuators or in microfl uidics.” ●

Some fl owers open up during the day as if by 
magic, and close again as soon as it gets dark – 
almost as if they had muscles. In fact, the fl ower 
petals are moved by gel-like substances that swell 
or contract depending on the air humidity. In na-
ture, not only fl owers use this hydraulic mecha-
nism, but also pine cones and carnivorous plants, 
like sundew.

Scientists have now used this mechanism for 
innovative compounds, called HAIRS (hydrogel 
high-aspect-ratio rigid structures) – hybrid sys-
tems composed of nanometer-sized silicon nee-
dles and a hydrogel. “What’s special about the 
hybrid compounds is the combination of stiff, in-
fl exible bodies, the silicon needles, with elastic 
and soft connecting elements, the gel,” says Peter 
Fratzl, Director at the Max Planck Institute of Col-
loids and Interfaces. This results in an active sub-
stance – that is, a material that can perform work. 
Depending on the air humidity, the gel changes 
its surface – contracting or swelling up and thus 
changing the orientation of the silicon needles. 

Smelling without a nose: The diagram 
shows a synthetic membrane with 
an odorant receptor molecule – here 
as a long chain. A spherical odorant 
molecule is bound to the receptor.
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