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ABSTRACT

Cholera is an importance acute diarrheal disease caused by the toxin Vibrio
cholerae. The rapid detection of this organism is necessary for effective control of this
disease. The detection of ctx gene encoding for cholera toxin using specific DNA
probe is extremely useful to meet this requirement.

DNA biosensors based on nucleic acid hybridization have rapidly been developed
due to their increasing importance in the diagnosis of diseases. Quartz crystal
microbalance (QCM) has been used for detecting DNA hybridization, due to its
sensitivity, inexpensiveness, and suitability for direct and label-free monitoring
hybridization of complementary strands of oligonucleotides. The aim of this study was
to develop a QCM system for rapid detection of the cholera toxin gene (ctx gene) from
the product of the polymerase chain reaction (PCR) of this specific gene.

Gold electrode of 5 MHz AT-cut quartz crystal was modified with self-assembled
monolayer of mercaptopropionic acid (MPA). Then, avidin was immobilized after the
activation of MPA with 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride and N-hydroxysulfosuccinimide. This avidin coated gold electrode
surface was used for attachment of 5’-biotinylated oligonucleotide probe containing
ctx sequence. The primer for ctx gene was utilized for ctx sequence amplification by
PCR. The denatured PCR product was applied to the quartz crystal active surface
containing the cholera toxin probe for detection of specific hybridization of both
molecules. Decreasing of oscillation frequency was monitored as an indicator of
hybridization events.

The optimal concentrations of MPA, avidin, and 5’-biotinylated oligonucleotide
probe were 10 mM, 0.1 mg/ml and 1uM, respectively. The oscillation signal detected
by this sensor showed that all of eleven V. cholerae O1 were positive for ctx gene. No
significant frequency shift was observed from the eleven bacterial strains belonging to
non-cholera. This QCM system performed with high sensitivity and specificity and is
therefore suitable for detection of ctx gene of Vibrio cholerae O1 within 20 minutes
after PCR.
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