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Abstract

Flow injection capacitive affinity biosensor systems for direct detection
of affinity binding have been developed and evaluated. Biorecognition element was
-immobilized on a self-assembled monolayer (SAM) of sulfur-containing molecules on
a working electrode. The interaction between target analyte and biorecognition
element on electrode surface causes the capacitance to decrease. Two affinity binding
pairs, human serum albumin (HSA) and anti human serum albumin (anti-HSA), and
protein A and crystallizable fragment (Fc-fragments) from IgG (anti-HSA), were
investigated. At optimum conditions the plot between capacitance change and
logarithm of HSA concentration showed two linear ranges with different sensitivities,
ie., from 110" to 1x10° M and 1x107 t0 1x10°° M. The detection limit was 1 fM.
In the case of protein A, the linear range was 1.0 x 107" to 1.0 x 10"'® M. The
detection limit was 10 fM.

The system was applied for direct detection of bacterial endotoxin in
fermentation liquid. Lectin (Endotoxin neutralizing protein (ENP)) derived from
American horseshoe crab was used as the biorecognition element. Under optimum
conditions, endotoxin could be determined with a detection limit of 0.1 pM and
linearity ranging from 1.0x10™" to 1.0x10"'° M. Good agreement was achieved
between the capacitive biosensor system and the conventional Limulus Amebocyte
Lysate (LAL) test (P < 0.05).

A new self-assembled monolayer for capacitive immonosensor using
thiourea, a cheaper compound, was also investigatéd and compared to thioctic acid
and 3-mercaptopropionic acid. Anti-alpha-fetoprotein (anti-AFP) and alpha-
fetoprotein (AFP) was used as the affinity pair. Covalent coupling of anti-AFP on
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self-assembled thiourea monolayer modified gold electrode can be used to detect AFP
with high efficiency, similar sensitivity, the same linear range (0.01-10 ug 1I'Yy and
detection limit (10 ng 1) as those obtained from sensors based on self-assembled
thioctic acid monolayer and self-assembled 3-mercaptopropionic acid monolayer. The
system is specific for AFP and can be regenerated and reused up to 48 times. Self-
assembled monolayer using thiourea which is cheaper than thioctic acid and 3-
mercaptopropionic acid is a good alternative for biosensor applications when SAMs
are used.

A reusable capacitive immunosensor for the direct detection of
carcinoembryonic antigen (CEA) using anti-carcinoembryonic antigen (anti-CEA)
immobilized on a self-assembled thiourea monolayer (SATUM) via covalent coupling
was then developed. Under optimum conditions, a detection limit of 10 pg ml" and
linearity in the range of 0.01 to 10 ng ml" were obtained. The immobilized anti-CEA
on SATUM gold electrode was stable and after regeneration good reproducibility of
the signal could be obtained up to 45 times with an RSD lower than 3.4%. Good
agreement was obtained when CEA concentrations of human serum samples
determined by the flow injection capacitive immunosensor system were compared to
those obtained using an enzyme linked fluorescent assay method (P < 0.05).

The studies show that flow injection capacitive affinity biosensor
systems can be applied for direct detection of several target analytes. This technique is
highly selective, can detect analyte with accuracy, using short analysis time (12-18
min). The preparation of the modified electrode is quite simple. Furthermore, the
working electrode can be regenerated with good reproducibility (% RSD < 4.3),

enable the electrode to be reused for more than 40 times.
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