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Quantitative Alpha Fetoprotein Detection with a Piezoelectric
Microcantilever Mass Sensor
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Abstract Alpha fetoprotein(AFP), which is serological marker for hepatocellular carcinoma, was quantitatively
measured by its normal concentration, 10 ng/ml, with a label-free piezoelectric microcantilever mass sensor. The
principle of detection is based on changes in the resonant frequency of the piezoelectric microcantilever before
and after target molecules are attached to it, and its resonant frequency is measured electrically using a
conductance spectrum. The resonant frequency of the developed sensor is approximately 1.34 MHz and the mass
sensitivity is approximately 175 Hz/pg. The sensor has high reliability as mass sensor by reducing the effect of
surface stress on resonant frequency due to attached proteins. ‘Dip and dry’ technique was used to react the
sensor with reagents for immobilizing AFP antibody on the sensor and detecting AFP antigen. The measured mass
of the detected AFP antigen was 6.02 pg at the concentration of 10 ng/ml, and 10.67 pg at 50 ng/ml when the
immunoreaction time was 10 min.
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Fig. 1 Schematic diagram (a) and scanning electron

microscope image (b) of the developed
piezoelectric microcantilever mass sensor
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Fig. 2 Mechanical lumped parameter model (a) and

equivalent circuit model (b) of the developed
piezoelectric microcantilever mass sensor
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Fig. 3 Variations of relative surface stress sensitivity
as the probe area of the rectangular cantilever

increases
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Fig. 4 Experimental setups for detection of AFP with
piezoelectric microcantilever mass sensor using

‘dip and dry’ technique
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Table 1 Procedures and time
detection process of AFP

requirements  in

Procedures Tlrpe
(min)
UV cleaning 30
Isopropyl alcohol cleaning 10
Sensor -
. Ethanol cleaning 30
cleaning -
Methanol cleaning 10
DI water rinsing 5
BSA (0.01%) 30
PBS rinsing 5
BSA —
DI rinsing 5
N, gas dry 1
Protein A/G-SH (5 ng/ml) 40
Protein PBS rinsing 5
A/G-SH DI rinsing 5
N, gas dry 1
AFP antibody (25 pg/ml) 30
AFP PBS rinsing 5
antibody DI rinsing 5
N, gas dry 1
PBS 10
Control test DI rinsing 5
N, gas dry
AFP antigen 10
. PBS rinsing 5
AFP antigen —
DI rinsing 5
N, gas dry 1

Probe area (gold)
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Fig. 5 Procedure for detection of AFP
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Fig. 6 Conductance spectrum of the developed
piezoelectric microcantilever mass sensor
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Fig. 7 Mass of attached biomolecules in the process

of immobilizing AFP antibody.
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Fig. 8 Mass of detected AFP in the different
concentration and reaction time
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