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Introduction: A variety of different methods
for the determination of biologica binding
reactions are available due to the great interest
in biology, biochemistry and medicine. One
approach to the determination of biologica
binding reactions is based on the use of single
domain magnetic nanoparticles (MNP) as
signa generators conjugated with one of the
components of the binding reaction [1-3]. The
measured signal is the relaxation of the
magnetization of the magnetic nanoparticles
after switching off a magnetizing field. As the
concentrations of the binding partners are
usualy very low, the measured magnetic
relaxation sSignals are extremely  wesk.
Therefore, the detection of such magnetic
relaxation signals requires a sophisticated
measurement setup based on superconducting
guantum interference devices (SQUIDs) as the

currently most sensitive, magnetic field
Sensors.
Ferrofluids become birefringent when a

magnetic field is applied perpendicular to the
optical axis of light impinging the fluid, as the
magnetic  nanoparticles contained in  the
ferrofiuid tend to aign in the direction of the
external field. This causes an optica
anisotropy (Cotton-Mouton-effect) [4]. After
switching off the magnetizing field a relaxation
of the optical birefringence can be observed
due to Brownian motion. Recently, it has been
demonstrated that magneto-optical relaxation
measurements can  be used for the
determination of binding reactions of
biologicak molecules attached to magnetic
nanoparticles [5]. The aim of the present study
was to evauate this novel approach for the
determination of biological binding reactions
of antibody-conjugated MNP.

METHODS: Magnetic nanoparticles.
Magnetic nanoparticles with a core of iron
oxide (DDM 128N, Meito Sangyo, Japan) and
a shell of carboxydextran were magnetically
fractionated at 50 mT, as described elsewhere
[6]. The coupling of streptavidin onto the
nanoparticles was achieved by oxidation of the
carboxydextran molecules on the surface of the
nanoparticles and reaction of streptavidin with
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the adehyde groups formed during oxidation
of the carboxydextran shell. Briefly, 15mg
sodium periodate were dissolved in a
citrate/phosphate buffer (pH 5.0) and added to
2ml of the magnetic nanoparticles. The
mixture was incubated at 4°C for 40 min.
Thereafter, the buffer was exchanged to
10 mM phosphate buffer pH7.4 by size
excluson chromatography. Then, 2mg of
streptavidin were added. After 2 h incubation
a 4°C dimethylborane (150 mM) and
ethanolamine (0.5 M) were added. Finally, the
magnetic nanoparticles were purified via
magnetic  separation and  dored  in
0.1 % BSA/PBS at 4°C. For the determination
of the binding reaction between an antibody
and its antigen the biotinylated antibody was
attached to the nanoparticles via the binding
between biotin and streptavidin.

Measurement setup. The measurement setup
for the determination of the magneto-optical
relaxation of ferrofluids (MORFF) consists of
alaser (L), a polarizer (P), al /4 plate (R), a
cuvette (C) containing the sample, an anayzer
(A) and a detector (D) mounted on an optica
bench. Figure 1 shows a scheme of the
measurement setup. The polarizer and analyzer
are digned orthogonally and at 45° to the
magnetic field axis (or, more precisdy, the
axis of birefringence). The polarizer is paralle
to the dow axis of the | /4 plate. The cuvette is
placed into a magnetization coil generating a
pulsed magnetic field with a magnetic flux
density of 10 mT at a frequency of 20 Hz and
with a duty cycle of 25 % corresponding to a
magnetization time of 12.5ms. The relaxation

of the birefringence is recorded by a
photodiode. The measurement runs
continuoudy without any delay between
magnetization and detection.
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Fig. 1. Measurement setup for the detection of
the magneto-optical relaxation in ferrofluids.

Resultss The mean hydrodynamic particle
diameters obtained by MORFF measurements
for the binding experiments are shown in
Figure 2. The data show that during the
observed incubation time of 6 h the mean
particle sizes of the samples incubated with 10
ng, 100 ng, 1 pg and 10 pg of higG are
increasing. The maximum increase in particle
size was found for an added amount of 1 pg.
For higher amounts of higG an increasing
number of binding sites becomes saturated
and, thus, cannot further contribute to the
crosslinking.
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Fig. 2: Hydrodynamic particle diameters
calculated from magneto-optical
measurements before, 2 h and 6 h after
addition of different amounts of antigen (higG)
to magnetic nanoparticles conjugated with an
antibody against higG.

Discussion and Conclusions. The presented
experiments confirm that the determination of
the relaxation of the transient field-induced
birefringence of magnetic nanoparticles can be
used as a novel tool for the investigation of
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biological binding reactions, as long as these
reactions result in an increase of the particle
sze of magnetic nanoparticles due to
aggregation. Compared to magnetic
nanoparticle relaxation measurements the
separation of stimulation (magnetic) and signa
detection (optical) is of great advantage, as the
optical measurement system is comparatively
smple, robust and compact. The application of
optical measurements is restricted by optica
properties of the sample due to scattering or
absorption of the laser beam. Nonetheless,
magneto-optical nanoparticle  relaxation
measurements seem very feasible for in vitro
investigations of binding reactions.
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