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Figure 1 (Color online) Basic circuit diagram summarizing the synap-
tic organization of the mammalian MOB (main olfactory bulb). Two
glomerular modules represent two different types of odorant receptors.
Mitral cells and tufted cells are output neurons, and granule cells and
periglomerular cells are local interneurons. Short white arrows denote
excitatory synapses, and short black arrows denote inhibitory synapses'"’
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Figure 2 (Color online) Glomerular projections to the piriform cortex are not spatially restricted. (a) In mice, olfactory sensory neurons project to
specific glomeruli innervated by mitral and tufted cells that project to different brain regions; (b) schematic showing the origin and targets of the glo-

merular projections including the piriform cortex, entorhinal cortex, anterior olfactory nucleus and amygdala; (c) projections to the amygdala are spa-
tially restricted, while those to the piriform are distributed over the entire brain region
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Figure 3 (Color online) The detection and training of specific odor by opotogetics technology. (a) Schematic of experimental set-up. Mice were im-
planted with a nasal optical fibre stub to deliver light, gated by an acousto-optic modulator, a nasal pressure cannula coupled to a pressure sensor

measures sniffing, inverted intranasal pressure signal is shown at top left. (b) Sagittal view of wholemount olfactory epithelium and bulb, in
OMP-ChR2 mice, ChR2-YFP labels OSNs and their axons in the bulb™”
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Figure 4 (Color online) (a) Conditional expression of ChR2 in piriform cortex pyramidal cells reveals cortical feedback projections to the olfactory

bulb overlay of bright-field and fluorescence image of a horizontal section (300 mm) of forebrain from an Ntsrl-cre mouse showing ChR2-mCherry
expression in olfactory cortex; (b) blow-up of region in (a) indicating expression of ChR2 in layer 2/3 pyramidal cells; (c) ChR2 is expressed in the

ipsilateral, but not contralateral OB from the same mouse; (d) overlay of fluorescence and bright field images of the bulbs
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Figure 5 (Color online) Characterization of responses to single spot optogenetic activation of olfactory nerve input. (a) Experimental setup. Light was
focused on the surface of the olfactory bulb, mice expressing ChR2 in ORNs (Omp-ChR2) were used. Spiking activity was recorded extracellularly
from mitral and tufted (M/T) cells in the olfactory bulb (1) and neurons in the APC (2) and PPC (3). (b) Fluorescence image of the olfactory bulb in an
Omp-ChR2 mouse. It indicates the location of ChR2 tagged with a yellow fluorescent protein (ChR2-YFP). ChR2 was located exclusively in the glo-
merular layer. Scale bar represents 100 um. Sections from #>20 mice were examined*
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Figure 6 (Color online) (a) Schematic diagram of a bioengineered cell-based sensor for label-free functional assays of chemical receptors based on
localized extracellular acidification measurement; (b) recording extracellular potentials of olfactory receptor neurons in intact epithelium by microelec-
trodes; (c) schematic of multi-site. Recordings of hippocampal neuron networks with MEAs. Hippocampal neuron networks (HNNs) cultured on MEAs

surface. Signals detected by microelectrodes were amplified by the amplifier and then displayed on computer screen
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Advances in research on combining the opotogenetics with
bionic olfaction sensor

GAO KeQiang, ZHUANG LiuJing, QIN Zhen, ZHANG Bin & WANG Ping’

Key Laboratory for Biomedical Engineering of Education Ministry, Biosensor National Special Laboratory, College of Biomedical Engineering &
Instrument Science, Zhejiang University, Hangzhou 310027, China
* Corresponding author, E-mail: cnpwang @zju.edu.cn

There are plenty of amazing wonders existing in nature, and the crisis-crossing connections between them are performing
their best duties. For example, biological olfactory system is an ingenious biosensor, since the olfactory sensory neurons
in peripheral nervous respond to the external stimuli, then the signals are transmitted to the olfactory bulb to be integrated
and processed, the axonal connection is precisely organized signals from about 1000 different types of odorant receptors,
then sorted out in 1800 glomeruli in the mouse olfactory bulb, after delivered to the most advanced central nervous
system, the information can be distinguished eventually. Cortical regions underlying vision, audition, and somatosens-
ation receive sensory information from the thalamus and also make corticothalamic feedback projections that influence
thalamic sensory processing. This process is responding with particularly high sentivity, specificity and rapidity. The
ability to detect odorants is crucial for survival as it informs an organism with its environment: food, approaching
predators, mates nearby, etc. During recently year, researchers have employed optogenetics technology to explore deeper
in the mechanism of olfactory system. Microbial proteins that can be rapidly activated by light have been adapted for
research in neuroscience, including ChR2 and NpHR, which permit millisecond-precision optical control of genetically
defined cell types in intact neural tissue. This technology allows the use of light to alter neural processing at the level of
single spikes and synaptic events, yielding a widely applicable tool for neuroscientists and biomedical engineers. An
important question in the study of the olfactory system is the role of spatial factors in olfactory processing, but traditional
methods have been relatively unsuccessful in elucidating their theories, odor stimulation evokes complex spatiotemporal
activity in the olfactory bulb, suggesting that both the identity of activated neurons and the timing of their activity convey
information about odors, the emergency of optogenetics technology can solve this problem efficiently. Biological
olfactory systems can recognize and discriminate thousands of distinct odors with very high sensitivity and specificity,
with the progress of research on olfactory mechanisms and the advancements of olfaction, many types of biomimetic
olfactory-based biosensors have been developed by the combination of olfactory functional components with various
secondary sensors. The bioinspired olfaction sensor is an innovative chemical sensing bionic system with far-reaching
significance, it contains various biological components as the sensitive elements including olfactory receptors, olfactory
cells and olfactory tissues, which has great applicable prospects in many fields for detecting specific odorants with high
sensitivity, also by chronically coupling multiple microelectrodes to olfactory bulb of behaving rats, we extract an array
of mitral/tufted cells which could generate odor-specific temporal patterns of neural discharge. They have great potential
commercial prospects and promising applications in such fields as biomedicine, environmental monitoring,
pharmaceutical screening and the quality control of food and water. This review interpreted the transferring mechanism
of biological olfactory system and the applications of optogenetics in researches concerning the foundamental research of
olfactory system. In addition, a combination of the work of our laboratory with other domestic and international
researchers were presented here to predict the future scenario and the promising applications in disease diagnosis,
environmental monitoring, military and food quality control.

olfaction, opotogenetics, bionic olfaction sensor, odor detection, bioelectronic nose
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