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Aggregates
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'School of Engineering, Tohoku University, Sendai 980-8579, Japan
Graduate School of Engineering, Tohoku University, Sendai 980-8579, Japan
3Graduate School of Biomedical Engineering, Tohoku University, Sendai 980-8579, Japan

A novel method for rapid detection of bacteria was developed using magnetic nanoparticles with antibodies embedded
in them. Fig. 1 shows the basic structure of the detection system. The constructed system consists of drive coil, pick-
up coil with yoke inside, magnet, signal generator (AWG1005), preamplifier (SR560) and lock-in amplifier (L15640,
sensitivity was 1 V and time constant was 300 ms). To detect bacteria, each sample contains magnetic nanoparticles
(0.2 pl, 500 nm¢, Nanomag-D). And the OD (Optical Density) value of five Fusobacterium nucleatum samples varies
from 0.0001 to 1 with ten times increase for each sample. One sample only magnetic nanoparticles without
Fusobacterium nucleatum was added, which is six samples in total. It is necessary to put the sample on the yoke to
get sample magnetized and aggregated, as such the stray field of the aggregate can be picked up easier by pick-up
coil. As for drive and pick-up coils, an LVDT (Linear Variable Differential Transformer) structure was used to detect
small signal generated from the aggregate as two output signals of pick-up coil cancel so the output voltage is
theoretically zero before detection. According to the equation relationship between magnetization / magnetic field
and voltage, it would be possible to calculate magnetic susceptibility when both two voltages detected. Considering
the influence of microtube itself and solution of sample inside, the voltage of the sample was also measured and
calculated to get higher accuracy. For each detection, signal generator generates five signals with a same voltage of
200 mV and different frequencies of 110, 310, 1010, 3010 and 10010 Hz. Fig. 2 shows the concentration dependence
of magnetic susceptibility of Fusobacterium nucleatum. In all frequencies tested, it shows that when the concentration
of the sample (OD value) increases, the magnetic susceptibility decreases. The reason for this phenomenon is that
when the OD increases, the distances between magnetic particles also increase because there is a larger number of
Fusobacterium nucleatum in the aggregate, thus magnetic field generated by aggregate gets weaker and causes this
phenomenon. Furthermore, we found that as the frequency of input signal increases, the magnetic susceptibility
decreases. It is considered that as the frequency increases, the change rate of the magnetic flux passing through the
pick-up coil increases, which makes the voltage generated by drive coil increase, causing magnetic field of drive coil
increase. As magnetic field of drive coil is considered as denominator during the calculation of magnetic susceptibility,
thus magnetic susceptibility decreases.

Acknowledgement: This research was supported by AMED under Grant Number 22ym0126802j0001, and the
Comprehensive Growth Program for Accelerator Sciences and the Joint Development Research 2022-ACCL-1 at
High Energy Accelerator Research Organization (KEK). This work was supported by JSPS KAKENHI Grant Number
21K 04090.
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A simple antigen-antibody reaction using ultrasmall FeCo nanoparticles
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Antibody-conjugated magnetic nanoparticles (MNPs) have attracted considerable attention in bioseparation and clinical
diagnostics assays. By utilizing the antigen concentration-dependent magnetic response of MNPs-antibody-antigen
aggregates under a switching magnetic field, we developed a user-friendly and rapid detection system of oral bacteria in
the liquid phase for point of care testing?. To improve the detection sensitivity for smaller antigens, we also
synthesized ultrasmall iron oxide MNPs with an average particle size of 4 nm and proposed a novel method for
adsorbing antibodies directly on their surface without coating any proteins 2. Although the smaller MNPs have a greater
surface-to-volume ratio to interact with bacteria or viruses, their saturation magnetization decreases with decreasing
their size. Therefore, in this study, to enhance their magnetic moment without increasing their size, we examine FeCo
nanoparticles with a high magnetic moment for bacteria or virus detection.

FeCo nanoparticles used in the experiment were collected by dissolving the fabricated FeCo-BaF films in water since
Ba-F in the matrix was deliquescent. Here, the FeCo-BaF thin films composed of crystal phase of BaF, matrix and
FeCo alloy MNPs (Fe:Co:Ba:F=14:11:21:54 at.%) were fabricated using a RF sputtering tool¥. Our experiment showed
that the FeCo nanoparticles well dispersed in water could not be collected by the magnet. As such, we used
ultracentrifugal separation (110,000 rpm, 90 min) to collect them as well as the antibody (abcam ab53891)-conjugated
FeCo MNPs and the antigen (Candida albicans)-antibody FeCo MNPs. Figure 1(a) shows the magnetization curve of
FeCo-BaF film and the TEM image of FeCo MNPs. Considering that the magnetization of the film is caused by the
FeCo alloy MNPs in the film, the magnetization of ~5 nm FeCo nanoparticles at 1.4 T could be estimated at
approximately 13 kG. Figure 1(b) shows the number of Candida albicans counted from the micrographs of the
aggregates of FeCo MNPs and Candida albicans. By adding sonication treatment of the film before bounding them to
antibodies, the number of bacteria bound to FeCo MNPs increased significantly. The success of antigen-antibody
reaction of ultra-small magnetic nanoparticles improves detection sensitivity as well as offers potential detection for
smaller biomolecules.

Acknowledgements: This research was supported by AMED under Grant Number 22ym0126802j0001, by High Energy
Accelerator Research Organization (KEK) under the Comprehensive Growth Program for Accelerator Sciences and the
Joint Development Research 2022-ACCL-1, and Japan Society for the Promotion of Science through Grants-in-Aid for
Scientific Research (KAKENHI) under Grant 20K20210 and 21K04090.
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Fig. 1 Simultaneous signal acquisition of 36-channels MR sensor  Fig. 2 Signal waveform detected by MR sensor
array for a given magnetic field from mini coil at 200 Hz. of channel 16 (CH16 in Fig.1).
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