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Abstract

This thesis focuses on the development and evaluation of the
performance of electroéhemical transducer for direct and indirect detection of affinity
biosensors. Indirect detection of affinity reactions were investigated with
potentiometric ion-selective electrode. The detection rely on sandwich assay where
target analyte was bound to immobilized bioaffinity molecules on the gold substrate
and secondary bioaffinity molecule conjugated with CdS quantum dot label was
further added. Then, CdS was dissolved with H,O, yielding a diluted electrolyte
background suitable for potentiometric detection of released Cd** with polymeric
membrane Cd**-selective microelectrode. Two affinity binding pairs were studued,
thrombin aptamer-thrombin and DNA-DNA (DNA hybridization). This is the first
time for both of these affinity pairs that they are demonstrated with ion-selective
microelectrode.

For thrombin aptamer-thrombin binding, ion selective microelectrode gave the
linearity range of 10-250 ppb with a limit of detection at 5 ppb, corresponding to 28
finol in 200 pl or 0.14 nM. In case of DNA hybridization, it can detect the target
DNA with high selectivity, including effective discrimination against 2-base
mismatched DNA and show a wide linear dynamic range of 0.01-500 nM with the
limit of detection at 10 pM or 37 pg or 2 fmol in 200 pl.

Direct detection of affinity biosensor was performed by potentiostatic
capacitance measurments. Bioaffinity molecules were immobilized on self-assembled
monolayer (SAM) of thioctic acid on working gold electrode (WE). The binding
between target analyte and immobilized bioaffinity molecule on gold electrode cause
the capacitance to decrease. The capacitance due to the direct affinity reaction could

then be determined from the cureent response when a potential step was applied.
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Three affinity binding pairs, histone-DNA, lac repressor protein-plasmid DNA and
DNA-tetracyclines (TCs) were investigated in a flow injection system.

The DNA detection was investigated by immobilized histone on the
electrode surface. Histones from calf thymus and shrimp were immobiliied on gold
electrodes covered with self-assembled monolayer (SAM) of thioctic acid. Each of
these histones were used to detect DNA from calf thymus, shrimp and E. coli. The
studies indicated that histones can bind better with DNA from the same source and
give higher sensitivity than the binding with DNA from different sources. Under
optimum conditions, both histones from calf thymus and shrimp provided the same
lower detection limit of 107 ngl'1 for DNA from different sources i.e., calf thymus,
shrimp and E.coli. For the affinity reaction between calf thymus histone and DNA
two linear ranges, 10° to 10% ng 1" and 10" to 10 ng 1", were obtained. The
immobilized histones were stable and after regeneration good reproducibility of the
signal could be obtained up to 43 times with a %RSD of 3.1. When applied to analyze
residual DNA in crude protein extracted from white shrimp good recoveries were
obtained between 80-116 %.

Further application of capacitive transducer is plasmid DNA detection
with immobilized lac repressor protein. Under optimum conditions, a study of the
influence of different isoforms of plasmid DNA were detected by injecting
supercoiled plasmid DNA (sc pDNA) and open circular (relaxed form) plasmid DNA
(oc pDNA) into the capacitive biosensor system. The observed capacitance signal
from open circular or relaxed form was similar to that of supercoiled plasmid DNA.
The linear ranges were the same for both isoforms, from 0.0001 to 0.1 ng ml™” and 1 to
1,000 ng ml”, with lower detection limits of 0.002 pg ml™* and 0.03 pg ml™” for open
circular and supercoiled plasmid DNA, respectively (Table 10.3). The immobilized
lac repressor protein on self-assembled monolayer (SAM) gold electrode was stable
and could be reused up to more than 40 times with RSD lower than 4.0 %.

In addition, this technique was also applied for screening detection of
tetracycline by immobilized double-stranded DNA on gold electrode surface. Under
optimum conditions, influence of three different compounds of tetracycline(s), i.e.,
tetracycline (TC), chlortetracycline (CTC) and oxytetracycline (OTC), to immobilized
dsDNA was studied. It showed a linear dynamic range of 10710 pgl' for
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tetracycline and chlortetracycline, and 107- 10° pg 1 ' for oxytetracycline. The
detection limit was 107 pgl” for tetracycline and chlortetracycline, and 0.5%10™ for
oxytetracycline (Table 10.3). The immobilized DNA was stable and after regeneration
good reproducibility of signal could be obtained up to 54 times with % RSD < 4.
When applied to analyze residual tetracycline in wastewater from hospital recoveries
were obtained between 71-102%. The presence of tetracyclines (TCs) in wastewater

sample could be detected by both biosensor and HPLC.
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