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Building a Better — But Still Tiny — Sensor

DNA aptamers improve sensing ability of atomic force microscopy

or an atomic force microscope, fa-

miliarity can breed hetter images —

in more ways than one, When the
microscope’s tip has a sensing molecule
tethered to it, the molecule enables the
device to recognize targets in the sample
being scanned. That chemical familiarity
alsoenables the microscope to perform bi-
olopical imaging of complex samples in
water, something it could not accomplish
otherwise,

The standard choice for a sensing mol-
ecule has been an antibody, which helps
picl out proteins forwhich it has an affin-
ity. Now a group from Arizona State
Lniversity in Tempe has used DNA ap-
tamers — manufactured single-stranded
DNA molecules. Stuart Lindsay, a pro-
fessor of physics and chemistry and leader
of the research team, noted that aplamers
offer a significant advantage over the typ-
ical antibody approach because their
chemistry is simpler. “The simpler chem-
istry seems 1o make everything work bet-
ter,” hesaid. "Better signal to noise, for
example.”

In atomic force microscopy, a stylus
with a very sharp point is brought close to
a sample surface. The tip is mounted on
the-end of a cantilever, and the interac-
tion between the tip and the sample de-
flects the cantilever. That deflection is am-
plified by an optical lever in which a laser
is fired at the cantilever and bounces off
il; the reflected beam 1s detected by a pho-
tediode. Because the lever arms are long,
they magnify the deflection by a facior of
thousands or more; making it possible 1o
spot small movements and achieve mo-
lecular-scale imaging.

For biomolecular imaging, one of the
biggest problems with this technigque is
that it is nearly impossible to distinguish
between proteins, even if their molecu-
lar weight is very different, based on a
topographical image alone. Soresearchers
have attached sensor moelecules, such as
antibodies, to the tip of the stylus and
bounced the probe up and down slightly,
As the tip moves across the surface, the
ascillation changes when the sensor binds
tova target on the surface, This information
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is used o locate the targer proteing,

The scheme is promising, but the in-
vestigators note that one issue is the high
surface concentration under the probe,
Consequently, the chemical recognition
signal may appear even if the affinity be.
tween the antibedy and a molecule is
smiall. The result is noise that can mask the
true signal

In contrast to antibodies, which are nat-
ural, aptamers are man-made. Starting
with a random sequence of DNA or RNA,
they are created through a process called
systematic evolution of ligands by
exponential enrichment. Aptamers can
recognize specific ligands and bind to
nucleic acids, proteins or small organic
compounds. Because they consist of a sin-
gle DA strand, they are easy to-synthe-

size and store, and they are easily
attached to the microscope's
probe tip.

Aptamers also have a high affin-
ity forsome small molecules,
which might allow recognition
imaging of minor chemical
changes, such as elements of an
epigenetic code, information in
addition to that encaded in the
DNA. “My own goal is 1o map epi-
genetic markings at the molecy-
lar level,” Lindsay said.

For a demonstration of their ap-
proach, which was published in
the June issue of Biophysical
Journal, the scientizts chose the
aptamer that binds to human im-
munoglobin E {1gE). They did so
primarily because this aptamer
produces significant adhesion in
atomic foree microscopy force
CLTVES.

They functicnalized the probes
with an ethylene-glycol oligomer,
leaving a thiol-reactive maleimide
at the end of the molecule to act
as a tether for the aptamer. Be-
cause of the wther length, the re-
sulting resolution was —5 nm.
They used an atomic force micro-
scope from Tempe-based Mole-
cular Imaging Corp., now part of
Agilent Technologies Inc.

The researchers coated a mica sub-
strate with a solution comaining IgE. Al
ter some additional processing, they
imaged the substrate at a scanning speed
of about 2 pmy's and with an escillation
amplitude of -5 nm. They found that nine
out of 10 features on the surface of the
right size to be 1gE molecules were picked
up by the aptamer sensor, a recognition
efficiency of 90 percent. Moreover, there
was a clear difference between the back-
ground signal and that of a legitimate
spot, indicating a higher signal-to-noise
ratio than is typically achieved by anti-
body-hased sensors.

The investigators demonstrated that
the effect was specific. When IgE maole
cules were injected into the solution, the



recognition signal disappeared because it
wis blocked. When they imaged surfaces
coated with another protein, thrombin,
there were no recognition evenis. Alsa,
when they imaged a surface coated with
a mixture of thrombin and 1gk, the recog-
nition events tracked 1o a degree the molar
ratio of the mixture, The actual ratio of
molecular recognition was higher than
the molar ratio, a difference that could
have resulted from preferential surface
adsorption of the IgE.

The improved signal-to-noise ratio of
the aptamer approach as compared with
one based on antibodies was not due to
stronger binding. Tests showed that the
force required 1o break the aptamer bonds
was actually somewhat smaller than the
force required to break the antibody
bonds. However, other tests have shown
a similarly small difference, but with the
aptamer bond slightly stronger than the
antibody one.

In applying the technique, it would be
necessary to have the appropriate ap-
tamers, with the molecules designed to
bind to a given 1arget, Lindsey noted.
Therefore, work must be done develop-
ing and producing the aptamers. That can
lre a challenge, but the researchers are
working an it

“We are building an aptamer factory, but
it’s not easy. On the other hand, if we get
things working, we'll avoid the batch-to-

batch variation that plagues natural prod-
ucts like antibodies,” Lindsay said. O
Hank Hogan

Lighting up nitric oxide with a little bit of copper

Technique provides a way to see the molecule itself — not just its effects

itric oxide, an antioxidant primar-

ily known for its role as a mes-

senger in cellular signaling events,
also is generated by cells to accomplish
a variety af other tasks. Macrophages, far
example, create it to eliminate bacteria
and other foreign particles that they en-
Counter.

Biologists who study the effects of ni-
tric oxide on living tissues are interested
in clearly identifying the presence of the
melecule within cells. However, current
imaging methods, including chemilumi-
nescence, electron paramagnetic reso-
nance speclrometry and amperometry,
have low spatial resolution and often are
costly. Fluorescence microscopy can image

nitric oxide in biological contexts with
suitable spatictemporal resolution; how-
ever, commonly used fluorescent nitric
oxide sensors are unable to monitor the
molecule directly,

For several vears, Stephen [. Lippard
and his colleagues at MIT in Cambridge,
Mass., have attempted to find a way to
trigger fluorescence directly in the pres-
ence of nitric oxide. Using a variety of
metal ions — such as iron, ruthenium,
cobalt and rhodium — in combination
with a metal-bound fluorophore, they
found that some metal-based compounds
could elicit flugrescence in the presence
of nitric okide, but also in the presence
of other substances, even water,

MNow the group has developed a fluo-
rescent probe — made with copper —
that directly and rapidly reacts with ni-
tric oxide, enabling imaging of the maol-
ecule in living cells. The researchers —
Lippard, Mi Hee Lim and Dong Xu — re-
port their findings in the July issue of
MNature Chemical Biofogy.

They created the probe by combining a
fluorescein-based ligand with CuCl. In
the resulting complex, the fluorescence
of the modified fluorescein was quenched
But when nitric oxide was introduced, the
compound immediately exhibited an ap-
proximately elevenfold increase in fAuo-
rescence, The researchers have not mea-
sured the precise speed of the reaction vet
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