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THE DEVELOPMENT OF CAPACITIVE IMMUNOSENSORS TO DETECT

CHITINASE-LIKE PROTEIN BIOMARKERS

In this study, a label-free capacitive immunosensor to detect two disease
markers YKL-39 and YKL-40 has been established in a flow injection system. This
thesis is divided into two parts. The first part involves expression of YKL-40 in
bacterial and mammalian cell expression systems that were used as for production of
anti-YKL-40 polyclonal antibody. The YKL-40 antibodies were highly specific and
strongly reacting with YKL-40. The purified YKL-40 polyclonal antibody was
immobilized on a gold working electrode via a self-assembled monolayer. Optimum
operational conditions of the bacterial- YKL-40 immunosensor were a sample volume
of 200 pL, a flow rate of 100 puL/min, HCI solution, pH 2.5, as regeneration solution
and 10 mM sodium phosphate buffer, pH 7.0, as running buffer. For the mammalian-
YKL-40 immunosensor, they were a sample volume of 250 pL, a flow rate of 100
pL/min, HCI solution, pH 2.5, as a regeneration solution and 25 mM sodium
phosphate buffer, pH 7.0, as running buffer. Under optimum operational conditions,
both YKL-40 immunosensors gave a linear dynamic range between 0.1 and 1,000
Mo/L, with limit of detection of 0.07+0.01 pg/L for the bacterial-YKL-40

immunosensor and 0.08+0.02 pg/L in the mammalian-YKL-40 immunosensor. The
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reproducibility of working electrode can be regenerated up to 40 cycles for the
bacterial-YKL-40 immunosensor and 50 cycles for the mammalian-YKL-40
immunosensor. The system also showed good selectivity towards YKL-40. In model
samples, the newly-developed capacitive immunosensor provided good recovery in a
range of 98 to 102%. The serum level of YKL-40 in 4 healthy people, 5 breast cancer
patients and 4 glioblastoma patients was detected with the mammalian-YKL-40
immunosensor and the results agreed with the standard ELISA method. However, this
developed method offered greater advantages with a broader linear range, lower limit
of detection and multiple uses of the antibody-immobilized electrode.

In the second part, a capacitive immunosensor for detection YKL-39 as
osteoarthritis biomarker was developed. Antibody against YKL-39 was immobilized
on a gold working electrode via a self-assembled thiourea monolayer. Optimum
operational conditions were a sample volume of 200 pL, a flow rate of 100 pL/min,
HCI solution, pH 2.5, as a regeneration solution and 25 mM sodium phosphate buffer,
pH 7.0, as running buffer. The linear detection range was between 0.1 pg/L and 1
mg/L with the detection limit of 0.07+0.02 pg/L. The immobilized anti-YKL-39
antibody on gold electrode was stable and after regeneration good reproducibility of
the signal could be obtained up to 49 times with an RSD lower than 5%. Good
agreement was obtained when YKL-39 concentrations of cell lysate, model samples
and synovial fluid were determined by the YKL-39 capacitive immunosensor system

as compared to the ELISA method.
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