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Abstract of Thesis

Polymerase Chain Reaction (PCR) becomes a popular technique to amplify specific DNA sequence
for the diagnostic analysis. Lately, there is a demand for PCR to be used as a part of point-of-care (PoC)
diagnostic device in market. The current detection method for PCR used optical detector. Since the PCR for
PoC needs to be compact, the optical transducer need to be replaced by electrical or electrochemical
detection transducer. Usually, the complementary target DNA sequence immobilized on the biosensor
electrode is used to detect the target DNA hybridization as PCR progresses.

This project proposes a new sensing device utilizing ligand interaction. Ligand, a small molecule, is
immobilized on the sensing surface and catches a specific PCR primer. This primer has an additional
sequence, the part of which forms a cytosine or thymine bulges. The primer was named hair-pin primer (HP
primer). The ligand that was used in this project is 2,7-diamino-1,8-naphthyridine derivative (DANP), DANP
has special and unique properties of forming hydrogen bond with cytosine or thymine bulges. PCR progress
could be monitored by the fluorescent intensity from the DANP. DANP has a high fluorescence intensity
when intercalated in the buige structure and decreases when dissociated. As PCR progresses, the HP primers
are consumed and fluorescent intensity decrease. Based on this work, DANP is immobilized on the Silicon
oxide (Si02) channel of the Poly Silicon Nanowire Field Effect Transistor (Poly SNWFET) and on Gold
electrode for Electrochemical Impedance Microscopy (EIS), respectively. The characterization of the
surface modification were done by X-ray Photoelectron Spectroscopy (XPS), Contact Angle (CA), and
Atomic Force Microscopy (AFM) measurements. In Poly SNWFET, each step of the SiO gate surface
modification of Poly-SiNW FET was traced by surface potential change. All data obtained indicated that
both transducer sensing surfaces are successfully immobilized with the DANP,

lonic conceniration for Poly SNWFET measurement is very important, Low ionic concentration
condition suggested that there was high electrostatic binding interaction between DANP and HP primers. It
could be said that there was no selectivity between the DANP and the HP primers. Meanwhile for the EIS
measurement, primer recognition was successfully distinguished between C-Bulge Hairpin primer and Full
Match Hairpin Primer with the DANP in high lonic concentration buffer.

In SNWFET case, specific DANP and HP primer interaction was not observed under low ionic
strength condition which was needed for SNWFET to perform its high sensitivity. DANP attracted double
strand DNA and HP primer without bulge structure under low ionic strength, too. It was suggested that the
electrostatic screening distance, i.e. Debye length, is long and electrostatic attractive force between DANP
and phosphate-backbone was not weakened. Under high ionic conditions, the Debye length is too short for
SNWFET to detect the surface charge variation as a threshold voltage (Vth) shift, even HP primer was
supposed to bind DANP selectively,

On the other hand, the Electrochemical Impedance Spectroscopy (EIS) measurement under high
ionic condition could detect the DANP and HP primer interaction as an impedance variation. EIS
measurement with DANP ligand surface could distinguish C-bulge HP primer from HP primer without a
bulge structure (Full match HP primer). The results indicated that EIS measurement method could be applied
to the real time PCR monitoring.
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