Homogeneous differential magnetic assay
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ABSTRACT: Assays are widely used for detection of various targets, including pathogens, drugs, toxins etc. Homogeneous
assays are promising for the realization of point-of-care diagnostics as they do not require separation, immobilization, or
washing steps. For low concentrations of target molecules, the speed and sensitivity of homogeneous assays have hitherto
been limited by slow binding kinetics, time-consuming amplification steps, and the presence of a high background signal.
Here, we present a homogeneous differential magnetic assay that utilizes differential magnetic readout that eliminates pre-
vious limitations of homogeneous assays. The assay uses a gradiometer sensor configuration combined with precise micro-
fluidic sample handling. This enables simultaneous, differential, measurement of a positive test sample containing synthe-
sized Vibrio Cholera target and a negative control sample, which reduces background signal and increases the read-out speed.
Very low concentrations of targets down to fM levels are thus detectable without any additional amplification of number of
targets. Our homogeneous differential magnetic assay method opens new possibilities for rapid and highly sensitive diagnos-

tics at the point-of-care.

Assays are analytical tools for qualitative and quantita-
tive detection of a target analyte. The target analytes could
be of biological (e.g. antibodies, DNA/RNA molecules, pro-
teins, enzymes, etc!) or non-biological nature (e.g. ions, dis-
solved gases, drugs and toxins?). Diverseness, high sensitiv-
ity and specificity of assays are crucial in pharmaceutical
analysis, drug monitoring, diagnosis of diseases, clinical
pharmacokinetic and bioequivalence studies, environmen-
tal monitoring and pollutant detection. Assays are im-
mensely powerful in clinical analysis of viruses and various
diseases, where rapid and timely diagnosis is crucial for
public health.

Standard assays are often laborious, time consuming, and
require a specialized laboratory with trained personnel.
There is an increased need for rapid, portable, and user-
friendly assays that can perform point-of-care (POC) diag-
nostics at the home, emergency rooms, developing coun-
tries and resource-limited environment3?. Homogenous as-
says are advantageous for POC diagnostics as they do not
require washing steps, separation, and immobilization*.

They use the volume of the solution for sample preparation
and signal generation and three-dimensional diffusion re-
sults in a more rapid binding kinetics, reducing the total
turn-around time®. Combined with microfluidic-based de-
vices, homogeneous assays offer an opportunity for sensi-
tive and cost-effective POC diagnostics?.

In homogeneous assays, the detection signal can be gen-
erated from specific binding reaction between the targets
and the labels. The labels are usually mixed in solution with
the test sample and the signal is generated in the entire
mixed volume. In practice, the concentration of labels
should be comparable with the concentration of targets in
order to have a detectable signal. However, the time re-
quired to reach an equilibrium in binding kinetics strongly
depends on the concentrations of target and labels. There-
fore, measurement of low target concentration is a chal-
lenge. Various amplification methods, including isothermal
enzymatic schemes® and the polymerase chain reaction
(PCR)7 have been applied to increase the readout signal and
reach sub-fM detection levels in homogeneous assays®°.



Figure 1 | Differential magnetic assay using the microfluidic device. (a) Schematic illustration of the readout configuration. Two
microfluidic channels are integrated into a PDMS chip and is aligned above a 1st order planar gradiometer SQUID sensor. An ac
magnetic excitation field (H) is applied to the channels, parallel to the sensor chip so that the SQUID is insensitive to it. In this con-
figuration, the magnetic fluxes produced by the MNPs in the two channels are subtracted. (b) A top view photograph of the micro-
fluidic chip aligned above the SQUID sensor; the channels are highlighted in yellow and green. (c) Real and imaginary components
of the ac magnetic susceptibility from 250 pg/mL MNP samples filling: only channel 1 (green triangles), only channel 2 (yellow
triangles), and both channels (blue circles) versus the frequency of the magnetic excitation field. Note that the magnetic ac suscepti-
bility signals from channel 1 is opposite in sign compared to that of channel 2 due to the differential measurement setup. (d) The
measured imaginary component of ac magnetic susceptibility when both channels are filled. For comparison, the sum of the s



