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Abstract

Here, we present the design and development of a novel Surface Acoustic Wave (SAW) biosensor system and report preliminary
results using a functionalised coating (Sf9 whole cells), to detect secondary cellular responses triggered when 12.5 �M of octopamine
hydrochloride, an invertebrate neurotransmitter, binds to its endogenously expressed receptors present within the cell plasma
membrane.
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1. Introduction

Chemical and other solid state sensor employed for biomedical applications have had limited success in sensing
applications due to their limited specificity. In this paper we present the design, development and preliminary results
from a SAW resonant biosensor immobilized with a bioselective coating. The technique used here will be used in
the iCHEM project to monitor changes in the intrinsic properties of cells transfected with specific olfactory receptors
(ORs) and activated with receptor-specific ligands.

2. Materials and Method

Insect cells (Sf9 derived from parental colony Spodoptera frugiperda) have been used in our present study as
the biologically selective. These cells have shown to grow readily on the SAW sensors, have less stringent growth
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conditions and endogenously express octopamine receptors. To detect changes at different regions within the cell,
SAW resonant sensors were designed to operate at different frequencies. A dual design configuration was adopted and
a fully automated microfluidic system was built in-house, see Fig. 1(a).
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ig. 1. (a) A dual SAW resonant Biosensor with microfluidics and associated circuitry; (b) Sf9 cell attachment on gold surface of SAW sensors; (c)
requency output of a dual SAW sensor in response to introduction of 12.5 �M of Octopamine Hydrochloride.

. Results

Initially, the SF9 cell adherence to the SAW sensor surface was acoustically measured. The entire cell adherence
rocess can be characterized to occur in three distinct phases. A initial Phase A (20 minutes) during which the injected
ells settle onto the sensor surface. An adherence Phase B (35 minutes) during which the injected cells start adhering
o the sensor surface by forming extracellular matrixes and saturation Phase C (15 minutes) during which the acoustic
ignal is seen to flatten out showing that most of the injected cells have adhered successfully to the sensor surface, see
ig. 1(b). The shift in the resonant frequency of the sensor functionalized with SF9 cells with respect to the control
ensor was found to be 2840 Hz.

The immobilized SF9 cells were then stimulated with 12.5 �M of octopamine hydrochloride, an invertebrate neu-
otransmitter. Intercellular reactions are triggered within the cell as a result of the ligand-receptor interactions thus
ause changes in the viscoelastic properties of the cell which are detected by the SAW sensor, see Fig. 1(c). This
esponse, like the previous, can also be characterized into 4 distinct phases: a Phase A which depicts the time when
ctopamine makes contact with the dual sensor surface. A Phase B, depicting the individual sensor response responses
.e. a chemical response from the control sensor and a biological response due to the ligand-receptor interaction. We
elieve that the biological response is due to a small (nM) transient increase in intracellular Ca2+ level (a store mediated
ffect) which causes a change in the cell density and viscosity of the SF9 cell [1]. During Phase C the SAW signals
eturn to their respective media baseline as the ligand is being washed away. A differential signal, between the chemical
nd biological response was found to be 662 Hz or ∼11 ppm.

. Conclusion

Here we have demonstrated the design, development and preliminary results from a SAW resonant biosensor setup
mmobilized with whole Sf9 cells showing specificity to octopamine.
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