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Vitellogenin has been known as a potent biomarker protein for the estrogenic activity in fish
exposed to endocrine disruptors. In this study, a piezoelectric immunosensor making use of an anti-
carp vitellogenin antibody and an AT-cut quartz crystal microbalance as the biological component
and transducer was prepared, followed by its application to the analysis of carp vitellogenin as fol-
lows. Antibody immobilization was conducted by chemisorption of a thiolated antibody with a het-
erobifunctional thiolation cross-linker, sulfosuccinimidyl 6-[3-(2-pyridyldithio)propionamido]hexanoate.
The reaction buffer for the immunosensor system was optimized as 0.1 M sodium phosphate (pH
7.4). Concentration-dependent sensor responses were obtained in the vitellogenin concentrations
ranging from 0.4864 to 486.4000 nM, with a linear correlation between vitellogenin concentration
and frequency shift in double-logarithmic scale. The limit of detection of the immunosensor for
carp vitellogenin was presumed as 0.4864 nM.
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Fig. 1. Resonant frequencies according to air and bulk solutions
for QCM analysis. Seven values of resonant frequency at adjacent
measuring time were averaged after the steady-state sensor response
was attained and the error bars were inserted. Arabic numerals I, 2, 3,
4,5, 6,7 and 3 indicate distilled water, 0.1 M Tris-HCl (pH 7.4), 0.1
M sodium phosphate (pH 6.5), 0.1 M sodium phosphate (pH 7.0), 0.1
M sodium phosphate (pH 7.2), 0.1 M sodium phosphate (pH 7.4), 0.1
M sodium phosphate (pH 7.5) and 0.1 M sodium phosphate (pH 8.0),
respectively.
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Fig. 2. Resonant frequencies according to the ionic strength of the
selected sodium phosphate (pH 7.4). Seven values of resonant
frequency at adjacent measuring time were averaged after the steady-
state sensor response was attained and the error bars were inserted.
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Fig. 3. Frequency shifts according to the injection of carp serum
into the selected sodium phosphates (pH 7.4) differing in molarity.
Seven values of frequency shift at adjacent measuring time were
averaged after the steady-state sensor response was attained and the
error bars were inserted.
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Fig. 4. Relationships between carp vitellogenin concentration and frequency shift obtained in a semi-logarithmic scale (A) and double-
logarithmic one (B). Seven values of frequency shift at adjacent measuring time were averaged after the steady-state sensor response was attained
and the error bars were inserted. The frequency shift obtained with the injection of the reaction buffer was 18.6+2.6 Hz.
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