Biomimetic Capture of Odorant Molecules in a Microfluidic Device
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Olfactory system demonstrates a remarkable capability of detecting extremely low concentrations
of molecules at the range of parts-per-trillion and discriminating thousands of odor molecules [1,
2]. Following steps are involved in perceiving the odors via the olfactory system: lateral transport
of airborne odorants molecules in the olfactory region, partial uptake at the air-mucus interface,
diffusion through the mucus layer and potential interaction with mucus and finally binding to
olfactory receptors triggering neuronal stimuli thereby leading to processing information and
discrimination of odors.

Figure 1: Scheme of a human olfactory system (image adapted from a figure in
http://bio1151b.nicerweb.net/Locked/media/ch49/smell.html)

Olfactory system has been inspiring the development of systems for gas detection. For example,
PDMS and agarose gel has been used to concentrate the gas molecules [3, 4] for subsequent
detection analysis. A microfluidic system used water as a concentration layer mimicking the
dimensions of the mucus layer in mammals [5]. Another biomimetic approach studied the role of
the odorant binding proteins in odorant uptake using physiological conditions in human [6].
Despite its prevalence, the role physicochemical properties of olfactory mucus on olfaction is yet
to be explored and olfactory mucus has not been a source of bio-inspiration. Here, we propose to
develop a miniaturized the olfactory system recapitulating biomimetic olfactory mucus and nasal
air flow using microfluidics. We are interested in studying spatial and temporal distribution of
odorant uptake on the olfactory mucosa in which flow rate of the nasal air, solubility and
diffusivity odorants in the mucus, thickness of the mucus, and potential interactions of odorant
molecules with the components of the mucus are the key parameters effecting odorant uptake
[7]. Hence, this study may uncover novel strategies for future sensor designs using bioinspired
materials.
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