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Liquid-Phase Immunoassay Using Relaxation Measurement of Magnetic Markers
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Abstract: We have developed a liquid phase immunoassay technique using the Brownian relaxation of

magnetic markers. In order to achieve this, we used large polymer beads to fix the bound markers. The

bound and unbound (free) markers were magnetically distinguished using the difference in their

Brownian relaxation. We used MR (magneto-Resistive) sensor for the signal detection. In order to achieve

high sensitivity and low noise of the sensor, we used a modulation technique called set/reset operation.

Using this method, magnetic field resolution of the MR sensor was improved by about three times. We

also set up a magnetic shield to prevent the influence of an environmental magnetic field. We show that

the present system could detect 20 ng of magnetic markers. We also demonstrate the detection of 13.8

amol/ml of biotin with the present liquid-phase immunoassay technique.
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Fig. 1 Schematic figure of liquid phase immunoassay

using magnetic markers.
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Fig. 2 Measurement principle for liquid phase

immunoassay.
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Fig. 3 Magnetic domain orientation of MR sensor.
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Fig.4 Bridge circuit using 4 MR sensors.
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Fig.5 Output voltage vs. applied magnetic field.
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Fig. 6 Output signal Vsof MR sensor with and

without set/reset operation.
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Fig. 7 Experimental equipment for liquid phase

magnetic immunoassay.
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Table 1 Weight and volume of marker and PBS.

sample number sample
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Fig. 8 Waveform of the detected signal for magnetic

nanoparticle and PBS.
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Table 2 Weight of magnetic markers in samples.

sample number weight Watlng]

1,7 100

2, 8 80
3,9 60

4,10 40

5, 11 20
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Fig. 9 Relationship between the detected signal Vs

and the weight of magnetic nanoparticle.
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Fig. 10 Signal to noise ratio of the detected signal.
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Table 3 Number of polymer beads in samples.

sample number number of polymer beads M,

1,7 5000

2, 8 3000

3,9 2000

4,10 1000

5,11 500
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Fig. 11 Relationship between the detected signal Vi
and the number of polymer beads N,.
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Fig. 12 Signal to noise ratio of the detected signal V5.
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