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Abstract:    This paper presents a novel strategy for the response enhancement of olfactory sensory neurons (OSNs)-based bio-
sensors by monitoring the enhancive responses of OSNs to odorants. An OSNs-based biosensor was developed on the basis of the 
light addressable potentiometric sensor (LAPS), in which rat OSNs were cultured on the surface of LAPS chip and served as 
sensing elements. LY294002, the specific inhibitor of phosphatidylinositol 3-kinase (PI3K), was used to enhance the responses of 
OSNs to odorants. The responses of OSNs to odorants with and without the treatment of LY294002 were recorded by LAPS. The 
results show that the enhancive effect of LY294002 was recorded efficiently by LAPS and the responses of this OSNs-LAPS 
hybrid biosensor were enhanced by LY294002 by about 1.5-fold. We conclude that this method can enhance the responses of 
OSNs-LAPS hybrid biosensors, which may provide a novel strategy for the bioelectrical signal monitor of OSNs in biosensors. It 
is also suggested that this strategy may be applicable to other kinds of OSNs-based biosensors for cellular activity detection, such 
as microelectrode array (MEA) and field effect transistor (FET). 
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INTRODUCTION 
 

The mammalian olfactory system can recognize 
and discriminate a large number of distinct odorants 
and shows a very high sensitivity. Odor detection via 
the olfactory system relies on the olfactory sensory 
neurons (OSNs). OSNs can respond to odorants and 
convert the chemical signals of odorant molecules into 
action potentials (Buck and Axel, 1991). This feature 
makes them suitable to serve as sensitive elements in 
biosensors for odorant detection. Nowadays, more and 
more efforts have been devoted to the research of 
biomimetic olfactory-based biosensors due to their 

potential commercial prospects and promising indus-
trial applications. Based on olfactory transduction 
mechanisms, many types of biomimetic olfactory- 
based biosensors have been developed by combining 
OSNs with various secondary sensors (Wu et al., 
2007), such as field effect transistor (FET) (Schütz et 
al., 2000) and microelectrode (Huotari, 2000). How-
ever, the sensitivity and signal-to-noise ratio (SNR) of 
these biosensors are limited (Schöning et al., 2000), 
which affects their practical applications. So, there is 
an urgent need to find novel approaches to improve 
the sensitivity or SNR of these biosensors. To achieve 
a higher sensitivity or SNR, it is necessary to enhance 
the responses of sensitive elements to the corre-
sponding stimulations. In the cases of OSNs-based 
biosensors, it means to enhance the responses of OSNs 
to odorants. 

It has been demonstrated that blocking the 
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phosphatidylinositol 3-kinase (PI3K) activity can 
enhance the responses of rat OSNs to a complex 
odorant, and that LY294002, which is the specific 
inhibitor of PI3K (Vlahos et al., 1994), can be used to 
enhance the responses of rat OSNs to odorants (Spehr 
et al., 2002). Inspired by this biological mechanism, 
we thus attempted to apply this enhancive effect to 
improve the responses of OSNs-based biosensors. By 
the use of LY294002, the responses of OSNs-based 
biosensors are expected to be enhanced due to the 
enhancive effect of LY294002 on the responses of 
OSNs to odorants. 

Light addressable potentiometric sensor (LAPS) 
is a surface potential detector and can be used to 
monitor extracellular potential by culturing excitable 
cells on the chip (Hafeman et al., 1988). LAPS has 
many advantages such as convenience, simplicity, 
low cost, and addressable measurement. There are 
several reports on the research of using LAPS as a 
cell-semiconductor hybrid system to monitor the 
extracellular potentials of cells cultured on the surface 
of LAPS chip (Ismail et al., 2003; Stein et al., 2004; 
Xu et al., 2005; Liu et al., 2006; Zhang et al., 2008). 
Fig.1 shows the basic principle of LAPS detecting 
extracellular potential of OSNs cultured on it. When 
the LAPS is biased in depletion and with proper light 
illuminated on it, the width of the depletion layer is a 
function of the local value of the surface potential. 
The local value of the bias voltage can be read out 
with ac photocurrent, which can generate corre-
sponding fluctuation when the extracellular potential 
of cells cultured on LAPS is changed. In this way, it is 
possible to record the changes in the extracellular 
potential by measuring the local surface potential at 
the illuminated region. As the light source is able to 
move arbitrarily above the LAPS chip, cells can be 
 

 
 
 
 
 
 
 
 
 
 
 

cultured randomly and the changes of the extracellu-
lar potentials can be detected addressably.  

Due to the advantages of LAPS mentioned 
above, in the present study we designed and built the 
structure of OSNs-based biosensor on the ground of 
LAPS to validate the efficiency of this novel strategy 
for enhancing the responses of OSNs-based biosen-
sors. Rat OSNs were cultured on the surface of LAPS 
and served as sensing elements. The responses of 
OSNs to odorants with and without the treatment of 
LY294002 were recorded by LAPS. If the responses 
of this OSNs-LAPS hybrid biosensor can be en-
hanced by the use of LY294002, this strategy may 
also be applicable to other kinds of OSNs-based 
biosensors for cellular potential detection, such as 
microelectrode array (MEA) and FET. 
 
 
MATERIALS AND METHODS 
 
Materials 

Silicon wafer (n-doped, <100>) with a specific 
resistance of 10~15 Ω·cm was thermal oxidized with 
a layer of 30 nm SiO2. Then the back of silicon wafer 
was grinded to 100-μm thickness and a layer of Al 
was evaporated on the wafer to create an ohmic con-
tact, which was used as working electrode. Via a Pt 
wire as reference electrode in the electrolyte, a bias 
voltage could be applied between the backside of the 
chip and the electrolyte. LAPS chip was fixed on the 
bottom of the chamber made by polydimethylsiloxane 
for cell culture and measurement. 

Mammalian Ringer’s solution consisted of 138 
mmol/L NaCl, 5 mmol/L KCl, 2 mmol/L CaCl2, 2 
mmol/L MgCl2, 10 mmol/L 4-(2-hydroxyethyl)-1- 
piperazineethanesulfonic acid (HEPES), and 10 
mmol/L glucose (pH 7.4). Phosphate buffered saline 
(PBS) solution consisted of 137 mmol/L NaCl, 2.7 
mmol/L KCl, 4.3 mmol/L Na2HPO4, 1.4 mmol/L 
KH2PO4 (pH 7.4). Poly-L-ornithine and laminin 
mixture included 100 μg/ml poly-L-ornithine PBS 
and 8 μg/ml laminin PBS (1:1, v/v). 

Odorants were prepared as 0.5 mol/L solution in 
dimethyl sulfoxide (DMSO) and stored at −20 °C. 
LY294002 was prepared in DMSO at 32.2 mmol/L. 
Final solutions were prepared fresh on the day of use 
in mammalian Ringer’s solution, the buffering capac-
ity of which was sufficient to maintain pH 7.4. The 
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Fig.1  Schematic diagram of basic extracellular poten-
tial detection mechanism of LAPS and LAPS test setup
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ultimate concentrations of odorants and LY294002 
applied to OSNs were 0.1 mmol/L and 10 μmol/L, 
respectively. The odorants contained 5 compounds: 
acetic acid, octanal, cineole, hexanal, and 2-heptatone. 
LY294002 and odorant compounds, except acetic acid, 
were purchased from Sigma-Aldrich (USA). Dul-
becco’s Modified Eager’s Medium (DMEM) and fetal 
bovine serum (FBS) were purchased from GIBCO 
BRL (USA). All other chemicals were of analytically 
pure grade or better quality. 

 
Cell culture 

Rat OSNs were harvested from Sprague-Dawley 
rats (1~3 d old) (Wu et al., 2009). Briefly, after de-
capitation, the rat nose was removed from the head 
and the olfactory neuroepithelium was tenderly dis-
sected from the nose. The olfactory neuroepithelium 
was subsequently scissored into pieces and dissoci-
ated by 0.25% (w/v) trypsin (pH 7.4~7.8) at 37 °C for 
20 min. Then the solution was changed to mammalian 
Ringer’s solution and blew repeatedly with pipette. 
After filtered with a 200-mesh sieve into fresh 
DMEM with 10% (v/v) FBS, the suspension was 
prepared. Finally, the prepared cells were added into 
the cell culture chamber and allowed to seed on the 
LAPS surface in 5% CO2 atmosphere at 37 °C. Before 
cell seeding, the surface of LAPS chip was modified 
by the poly-L-ornithine and laminin mixture to fa-
cilitate cell attachment (Ismail et al., 2003). On the 
3rd day, OSNs were mature and available for further 
experiments. 

 
Scanning electron microscope (SEM) 

For SEM observation, rat OSNs were prepared 
according to standard protocol (Braet et al., 1997). 
OSNs were cultured on the surface of LAPS chip for 
3 d. After washed twice with PBS, OSNs were fixed 
with 2% (v/v) glutaraldehyde at 4 °C for 12 h. Then 
glutaraldehyde was blotted up and OSNs were 
washed twice with PBS and post-fixed with 1% (v/v) 
osmium at 4 °C for 1 h. The samples were then 
washed twice with PBS and dehydrated in ethanol 
(once in 70%, 80%, and 90%, thrice in 100%; 10 min 
each). The samples were immersed for 3 min in amyl 
acetate and the excess amyl acetate was blotted away 
with filter paper. After hexamethyldisilazane drying, 
the samples were mounted on stubs and sputter coated 
with 10 nm gold. Samples were examined with an 

SEM (Cambridge Stereoscan 260, Cambridge, UK) at 
an accelerating voltage of 20 kV. 

  
Test setup and measurement 

LAPS test setup is similar to the system we 
previously reported (Xu et al., 2005; Liu et al., 2006; 
Zhang et al., 2008). Fig.1 shows the schematic dia-
gram of the LAPS test setup. When the OSNs cultured 
on the surface of LAPS were ready to be measured, 
the detection chamber with LAPS chip was fixed 
under a microscope objective in the setup. The light 
generated by a He-Ne semiconductor laser (Coherent 
Co., USA) was modulated and focused to less than 10 
μm. Then the light with 543.5 nm wavelength and 5 
mW power was used to highlight on the desired 
neuron. The responses of OSNs to stimulations were 
monitored by LAPS chip, which can generate corre-
sponding photocurrent fluctuations at once. The 
photocurrent fluctuations were subsequently trans-
mitted into peripheral equipments via the electrodes 
of potentiostat (EG & G Princeton Applied Research, 
M273A, USA). The data were collected, analyzed and 
stored by the use of a 16-bit data collection card and 
the software of LABVIEW. A peristaltic pump was 
used to pump culture medium or stimulator alterna-
tively into the detection chamber through a degasser 
and a selective valve. A personal computer controlled 
the on-off of pump and the temperature of chip. The 
whole setup was shield with a copper box to exclude 
ambient light and to minimize background noise. All 
measurements were performed at (37±0.2) °C. 

 
Statistical analysis 

Data are expressed as the mean±SEM. Student’s 
t-test was performed and P<0.01 was considered 
statistically significant. 

 
 

RESULTS AND DISCUSSION 
 

Cells cultured on LAPS chip 
OSNs in all vertebrates are characterized by cy-

cles of birth, maturation, and death (Ache and Young, 
2005). OSNs have the ability to turn over and replace 
themselves throughout the life of the animal. To use 
OSNs as sensitive elements, it is necessary to inte-
grate OSNs with secondary transduce sensors prop-
erly and keep them functionally alive. In this study, 
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poly-L-ornithine and laminin mixture was used to 
modify the surface of LAPS chip to improve the 
biocompatibility of the silicon device (Ismail et al., 
2003). SD rat postnatal within 1~3 d was used to 
prepare for OSNs. Because the olfactory system of 
these rats is immature, OSNs prepared from them can 
grow more efficiently on the LAPS chip than those 
from adult rats (data not shown). 

OSNs are slender and bipolar neurons, having 
dendrites that extend toward the surface of olfactory 
epithelium. Dendrites terminate in a swelling called 
the olfactory knob, where they give rise to a number of 
specialized cilia. The membrane of cilia is the location 
of the olfactory receptors and assumed to provide an 
extensive, receptive surface for the interactions of 
odorant molecules with the olfactory receptors. The 
axon of OSNs typically extends to the olfactory bulb 
to establish contact with the secondary neurons, such 
as mitral cells and tufted cells, which are the output 
neurons of the olfactory bulb and can relay olfactory 
signals to the olfactory cortex (Mori et al., 1999). 
Fig.2a shows the result of OSNs cultured on the sur-
face of LAPS chip for 3 d. The dendrites of OSNs can 
be seen clearly under microscope. This indicates that 
OSNs grew well on the LAPS chip and became mature. 
To further confirm the formation of olfactory cilia, we 
used an SEM to observe the OSNs cultured on the 
LAPS chip. From Fig.2b, some olfactory cilia can be 
seen extended from the end of dendrite. The gap be-
tween the cell body and dendrite may due to the hurt 
effect during the preparation process for SEM obser-
vation. These results demonstrate that OSNs can be 
efficiently cultured on the LAPS chip and maintain 
their native morphology to some extent. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Responses of OSNs to odorants 
Mammalian OSNs are interesting, challenging 

objects of investigation, because of their very low 
thresholds to ambient odorants and their ability to 
convert the chemical signals of odorant molecules 
into electrical signals. In odorant exposure, odorant 
molecules firstly interact with olfactory receptors 
located in the cilia of OSNs. These interactions can 
activate specific G proteins, which then activate 
adenylyl cyclase (AC). AC can increase the level of 
intracellular cyclic adenosine monophosphate 
(cAMP), which subsequently initiates a cascade of 
intracellular enzymatic reactions and ultimately leads 
to the generation of all-or-none electrical signals 
called action potentials. In vivo, the information of 
odorant molecules is first received by OSNs and 
transduced to action potential. In vitro, OSNs may 
still maintain their capacity of responses to odorants 
and encoding the odorant information. To test the 
function of OSNs cultured on the LAPS chip, the 
mixed odorants which contained 5 distinct odorant 
molecules were used to stimulate OSNs. The mixed 
odorants were diluted by Ringer’s solution (0.1 
mmol/L). The responses of OSNs to the mixed 
odorants were recorded by the LAPS test system. 

Fig.3 shows the typical extracellular recording 
of OSNs by the LAPS measurement setup. Fig.3a 
shows the baseline of the LAPS measurement setup; 
Fig.3b is the recorded signals in the status of silence, 
when OSNs were treated without any odorant or drug; 
and Fig.3c is recorded signals in the status of 
stimulation, when OSNs were stimulated by the 
mixed odorants. During the period of silence, some 
spontaneous spikes were recorded, which were 
isolated and appeared randomly. This may be due to 
the spontaneous action potential produced by OSNs. 
When stimulated by the mixed odorants, the rate of 
spikes increased dramatically and some continuous 
spikes were recorded, indicating the responses of 
OSNs to stimulations. 

These results confirm that OSNs cultured on the 
surface of LAPS still maintain their response capacity 
to odorants and this hybrid biosensor can monitor the 
extracellular potential of OSNs efficiently. In this 
study, about 1/3 of OSNs showed responses to the 
mixed odorants. We speculated that the reason that 
not all the OSNs responded to the mixed odorants 
may be due to the fact that the mixed odorants we 

Fig.2  Results of rat OSNs cultured on the surface of 
LAPS chip for 3 d examined by microscopy (a) and 
SEM (b) 
Under microscopy, OSNs were slender and bipolar and the 
dendrites can be seen clearly. In SEM, some olfactory cilia 
can be observed extended from the end of dendrite 
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used to stimulate OSNs were insufficient to cover the 
chemical space of all these OSNs. In the mammalian 
olfactory system, each OSN expresses only one type 
of olfactory receptor from the large olfactory receptor 
family encoded by more than 1000 genes scattered 
throughout the genome (Ache and Young, 2005; 
Lewcock and Reed, 2003). Each kind of odorant 
molecule can excite a few kinds of the olfactory 
receptors and each kind of olfactory receptor can 
respond to a few distinct odorant molecules (Ressler 
et al., 1994). 
 
Responses enhanced by PI3K inhibitor 

PI3K-dependent phosphoinositide signaling has 
been implicated in diverse cellular systems coupled to 
receptors for many different ligands, including ol-
factory transduction (Spehr et al., 2002). In verte-
brates, odorants excite OSNs through cyclic nucleo-
tide signaling. Spehr’s findings suggest that 
3-phosphoinositide signaling modulates cyclic nu-
cleotide signaling in rat OSNs, and that blocking 
PI3K can enhance the response of rat OSNs to a 
complex odorant. With LY294002 pretreatment, the 
average odorant-evoked increase in intracellular Ca2+ 
concentration ([Ca2+]i) of OSNs was (1.85±0.30) 
times that evoked by the odorants alone (Spehr et al., 
2002). The increase in [Ca2+]i can subsequently en-
hance the electrical responses of OSNs to odorants. 

Fig.4 shows the enhancive effect of LY294002 

on the responses of OSNs to odorants. In Fig.4a, 
stimulation is recorded when OSNs were stimulated 
by the mixed odorants, and in Fig.4b, enhancement is 
recorded when LY294002 was used to enhance the 
responses of OSNs to odorants. We can see from 
Fig.4c that the spike rate of enhancement increased 
drastically compared with that of stimulation. How-
ever, there was no significant increase in the ampli-
tude of the spikes. This phenomenon may be ex-
plained by the character of action potential, which is a 
kind of “all-or-none” signal and all the action poten-
tials of one neuron have the similar shape and am-
plitude. Thus, the increase in action potential rate 
should not result in the amplitude increase of recorded 
spikes. The same paradigm mentioned above was 
applied to many OSNs. Although not all the OSNs we 
had tested responded to the mixed odorants, the en-
hancive effect could be observed in all the responsive 
OSNs. The statistical results in Fig.4c show that the 
spike rate of enhancement was significantly higher 
than that of stimulation. The reason for this  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3  Typical extracellular recordings of OSNs by the 
LAPS measurement system. (a) Baseline, the baseline of 
the LAPS measurement system; (b) Silence, when OSNs 
were treated without any odorant or drug; (c) Stimula-
tion, when OSNs were stimulated by the mixed odorants
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Fig.4 Enhancive effect of LY294002 on the responses of 
OSNs to odorants recorded by LAPS. (a) Stimulation, 
when OSNs were stimulated by the mixed odorants; (b) 
Enhancement, when OSNs were treated with the mixed 
odorants and LY294002; (c) Statistical results of the 
the spike rate recorded from the responses of OSNs. 
**The spike rate of enhancement is significant higher 
than that of stimulation with P<0.01 in t-test. All data 
are represented by the mean±SEM (the number of 
measured cells is 16) 
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phenomenon may be that the responses of OSNs to 
odorants were enhanced by LY294002 and the action 
potential rate increased, subsequently leading to the 
increase of the recorded spike rate. By the use of 
LY294002 and the calculation of the recorded spike 
rates, the responses of ORNs to the same concentra-
tion of odorants were (1.55±0.20) times those of the 
untreated. As to this OSNs-LAPS hybrid biosensor, it 
means that the responses of this biosensor were en-
hanced by LY294002 and the response enhancement 
was about 1.5-fold. These results are consistent with 
the previous results obtained by calcium imaging 
(Spehr et al., 2002). 

 
 

CONCLUSION 
 

We demonstrated a novel method for monitoring 
the enhancive effect of the OSNs-based biosensor. An 
OSNs-LAPS hybrid biosensor was developed, in 
which OSNs were used as sensitive elements. The 
responses of this hybrid biosensor can be enhanced 
about 1.5-fold by a PI3K inhibitor. It is also suggested 
that this OSNs-LAPS hybrid biosensor can be a po-
tential tool for the research of olfactory transduction 
and that this novel strategy may also be applicable to 
other kinds of OSNs-based biosensors, such as MEA 
and FET. 

 
References 
Ache, B.W., Young, J.M., 2005. Olfaction: diverse species, 

conserved principles. Neuron, 48(3):417-430.  [doi:10. 
1016/j.neuron.2005.10.022] 

Braet, F., Zanger, R.D., Wisse, E., 1997. Drying cells for SEM, 
AFM and TEM by hexamethyldisilazane: a study on he-
patic endothelial cells. J. Microscopy, 186(1):84-87.  
[doi:10.1046/j.1365-2818.1997.1940755.x] 

Buck, L., Axel, R., 1991. A novel multigene family may en-
code odorant receptors: a molecular basis for odor rec-
ognition. Cell, 65(1):175-187.  [doi:10.1016/0092-8674 
(91)90418-X] 

Hafeman, D.G., Parce, J.W., McConnell, H.M., 1988. 
Light-addressable potentiometric sensor for biochemical 
systems. Science, 240(4856):1182-1185.  [doi:10.1126/ 
science.3375810] 

Huotari, M.J., 2000. Biosensing by insect olfactory receptor 
neurons. Sens. Actuators B: Chem., 71(3):212-222.  
[doi:10.1016/S0925-4005(00)00619-5] 

Ismail, A.B., Yoshinobu, T., Iwasaki, H., Sugihara, H., Yu-
kimasa, T., Hirata, I., Iwata, H., 2003. Investigation on 
light-addressable potentiometric sensor as a possible 
cell-semiconductor hybrid. Biosens. Bioelectron., 18(12): 

1509-1514.  [doi:10.1016/S0956-5663(03)00129-5] 
Lewcock, J.W., Reed, R.R., 2003. ORs rule the roost in the 

olfactory system. Science, 302(5653):2078-2079.  [doi:10. 
1126/science.1093397] 

Liu, Q.J., Cai, H., Xu, Y., Li, Y., Li, R., Wang, P., 2006. Ol-
factory cell-based biosensor: a first step towards a neu-
rochip of bioelectronic nose. Biosens. Bioelectron., 22(2): 
318-322.  [doi:10.1016/j.bios.2006.01.016]  

Mori, K., Nagao, H., Yoshihara, Y., 1999. The olfactory bulb: 
coding and processing of odor molecule information. 
Science, 286(5440):711-715.  [doi:10.1126/science.286. 
5440.711] 

Ressler, K.J., Sullivan, S.L., Buck, L.B., 1994. Information 
coding in the olfactory system: evidence for a stereotyped 
and highly organized epitope map in the olfactory bulb. 
Cell, 79(7):1245-1255.  [doi:10.1016/0092-8674(94)900 
15-9] 

Schöning, M.J., Schroth, P., Schütz, S., 2000. The use of insect 
chemoreceptors for the assembly of biosensors based on 
semiconductor field-effect transistors. Electroanalysis, 
12(9):645-652.  [doi:10.1002/1521-4109(200005)12:9< 
645::AID-ELAN645>3.3.CO;2-F] 

Schütz, S., Schoning, M.J., Schroth, P., Malkoc, Ü., 
Weiβbecker, B., Kordos, P., Lüth, H., Hummel, H.E., 
2000. An insect-based bioFET as a bioelectronic nose. 
Sens. Actuators B: Chem., 65(1-3):291-295.  [doi:10.1016/ 
S0925-4005(99)00325-1] 

Spehr, M., Wetzel, C.H., Hatt, H., Ache, B.W., 2002. 
3-Phosphoinositides modulate cyclic nucleotide signaling 
in olfactory receptor neurons. Neuron, 33(5):731-739.  
[doi:10.1016/S0896-6273(02)00610-4] 

Stein, B., George, M., Gaub, H.E., Parak, W.J., 2004. Ex-
tracellular measurements of averaged ionic currents with 
the light-addressable potentiometric sensor (LAPS). Sens. 
Actuators B: Chem., 98(2-3):299-304.  [doi:10.1016/j.snb. 
2003.10.034] 

Vlahos, C.J., Matter, W.F., Hui, K.Y., Brown, R.F., 1994. A 
specific inhibitor of phosphatidylinositol 3-kinase, 2-(4- 
morpholinyl)-8-phenyl-4H-1-benzopyran-4-one (LY294 
002). J. Biol. Chem., 269:5241-5248. 

Wu, C.S., Wang, L.J., Zhou, J., Zhao, L.H., Wang, P., 2007. 
The progress of olfactory transduction and biomimetic 
olfactory-based biosensors. Chin. Sci. Bull., 52(14): 
1886-1896.  [doi:10.1007/s11434-007-0295-9] 

Wu, C.S., Chen, P.H., Yu, H., Liu, Q.J., Zong, X.L., Cai, H., 
Wang, P., 2009. A novel biomimetic olfactory-based 
biosensor for single olfactory sensory neuron monitoring. 
Biosens. Bioelectron., 24(5):1498-1502.  [doi:10.1016/ 
j.bios.2008.07.065] 

Xu, G.X., Ye, X.S., Qin, L.F., Xu, Y., Li, Y., Li, R., Wang, P., 
2005. Cell-based biosensors based on light-addressable 
potentiometric sensors for single cell monitoring. Biosens. 
Bioelectron., 20(9):1757-1763.  [doi:10.1016/j.bios.2004. 
06.037] 

Zhang, W., Li, Y., Liu, Q.J., Xu, Y., Cai, H., Wang, P., 2008. A 
novel experimental research based on taste cell chips for 
taste transduction mechanism. Sens. Actuators B: Chem., 
131(1):24-28.  [doi:10.1016/j.snb.2007.12.021] 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


