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Abstract 
The Ca2+-activated Cl¯ channel TMEM16B carries up to 90% of the transduction current evoked by odorant stimulation in olfactory sensory 
neurons and control the number of action potential firing and therefore the length of the train of action potentials. A loss of function approach 
revealed that TMEM16B is required for olfactory-driven behaviors such as tracking unfamiliar odors. Here, we used the electro-olfactogram 
(EOG) technique to investigate the contribution of TMEM16B to odorant transduction in the whole olfactory epithelium. Surprisingly, we found 
that EOG responses from Tmem16b knock out mice have a bigger amplitude compared to those of wild type. Moreover, the kinetics of EOG 
responses is faster in absence of TMEM16B, while the ability to adapt to repeated stimulation is altered in knock out mice. The larger EOG 
responses in Tmem16b knock out may be the results of the removal of the clamping and/or shunting action of the Ca2+-activated Cl¯ currents 
leading to the paradox of having smaller transduction current but larger generator potential.
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Introduction
In physiology, sensory transduction is the transformation of a 
sensory stimulus into neuronal activity and involves a variety 
of different mechanisms. In olfaction, this is the transform-
ation of chemical signals (odorants) into an electric one that is 
then transmitted to the brain (Genovese et al., 2021; Kleene, 
2008; Pifferi et al., 2012; Tirindelli et al., 2009; Torre et al., 
1995).

In olfactory sensory neurons (OSNs), odorant transduction 
is triggered by the binding of odorant molecules to odorant 
receptors (ORs) located in the ciliary membrane of the cell 
(Mombaerts, 2004). The conformational change of the OR 
leads to an increase in intraciliary cAMP, which in turn fa-
vors the opening of cyclic nucleotide-gated (CNG) channels 
(Bradley et al., 2005; Brunet et al., 1996; Nakamura and Gold, 
1987). Na+ and Ca2+ influx now increases, thus generating a 
receptor current. Then, the receptor current is further ampli-
fied by the efflux of Cl¯ via the opening of TMEM16B (also 
called Anoctamin 2), a Ca2+-activated Cl¯ channel (Boccaccio 
et al., 2021; Dibattista et al., 2017; Neureither et al., 2017; 
Stephan et al., 2009). Interestingly, OSNs are one of the rare 
cases in which a Cl¯ current is depolarizing due to a quite 
positive equilibrium potential for Cl¯ (Kaneko et al., 2004; 
Reuter et al., 1998). In isolated OSNs, the contribution of 
the Cl¯ current to the odorant-induced receptor current is 

about 80%-90% (Boccaccio and Menini, 2007; Reisert et al., 
2005). The TMEM16B channel is a relatively “new” member 
of the transduction machinery: it was cloned from OSNs 
in 2009 (Stephan et al., 2009). Despite this, the contribu-
tion of the Cl¯ to the receptor current has been extensively 
investigated since its first description in 1991 (Kleene and 
Gesteland, 1991). The afore mentioned unusual feature of 
the Cl¯ current in OSNs might have evolved to render the 
odorant response robust against mucosal ion concentration 
changes (Dibattista et al., 2017; Kleene, 2008). Single OSN 
recordings from Tmem16b knock out (KO) mouse models 
revealed that the Cl¯ contribution is substantial at various 
odorant concentrations (Li et al., 2018; Pietra et al., 2016) 
thus indicating that it serves as a non-linear amplifier of the 
receptor current as previously suggested (Kurahashi and Yau, 
1993; Lowe and Gold, 1993).

An interesting and challenging aspect of signal transduc-
tion is that of connecting single cell response properties with 
olfactory behavior. How much is TMEM16B contributing 
to olfactory-mediated behavior? It is now clear that the Cl¯ 
current is necessary to mediate olfactory-driven behaviors in 
naïve animals that require little training (i.e. finding the cookie 
test, track unfamiliar odor) (Neureither et al., 2017; Pietra et 
al., 2016; Zak et al., 2018), while after intensive training its 
contribution can be less relevant (Billig et al., 2011).
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While isolated OSNs from Tmem16b KO mice lose their Cl¯ 
current and therefore the amplification step, the summated re-
ceptor potential recorded from the surface of the intact OE, 
called the electro-olfactogram (EOG), showed little or no 
alteration (Billig et al., 2011; Neureither et al., 2017). The 
EOG is a field potential recording from the intact OE and 
it records the voltage change in the ciliary layer of the OE 
triggered by odorant application via a humidified air stream 
(Cygnar et al., 2010; Ottoson, 1955; Scott and Scott-Johnson, 
2002). By using the EOG as the recording technique, the role 
of several transduction components have been defined. For 
example, Cnga2 (a subunit of the CNG channels in OSNs) or 
Adcy3 (the adenylyl cyclase producing cAMP) KO mice did 
not show any EOG response to most of the canonical odorant 
tested. These KO mice are anosmic and struggle to survive be-
cause they are unable to find food during their first postnatal 
days (Brunet et al., 1996; Wong et al., 2000).

Here, we decided to use the EOG technique to better under-
stand the contribution of TMEM16B to odorant transduction 
in the whole epithelium. To our surprise, we found an ap-
parent paradoxical effect. EOGs recorded from mice lacking 
TMEM16B channels were larger, despite the observed reduc-
tion of the receptor current by ~80%, and also faster com-
pared to those recorded from WT. Also, the ability to adapt 
was altered in the KO mice. The mechanistic reason behind 
this phenomenon will be discussed and probably calls for a 
more careful reconsideration of the nature of the EOG sig-
nals. In summary, after 30 years from its first description and 
around 10 years since its molecular cloning, Ca+-activated Cl¯ 
currents in OSNs continue to surprise.

Materials and Methods
Animals and ethical approval
Mice were handled in accordance with the Italian Guidelines 
for the Use of Laboratory Animals and the European Union 
guidelines on animal research under a protocol approved by 
the Italian Ministry of Health. Experiments were performed 
on WT and Tmem16b KO mice of either sex. Mice had free 
access to water and food. For the experiments, mice were sac-
rificed by anaesthetizing them by CO2 inhalation followed by 
decapitation. Tmem16b KO mice were kindly provided by 
Prof. Lily Jan (University of California, San Francisco, USA, 
Zhang et al., 2017).

Immunohistochemistry
The nose with the olfactory epithelium was fixed in 4% 
paraformaldehyde in PBS, pH 7.4, for 4–5  h at 4°C and 
then decalcified in 0.5 m EDTA, pH 8, for at least 2 days, 
as previously described (Agostinelli et al., 2021; Gonzalez-
Velandia et al., 2022). After cryoprotection in 30 % (w/v) 
sucrose in PBS at 4°C overnight, the tissues were frozen in 
optimal cutting medium compound (Bio-Optica, Milan, 
Italy) and stored at −80°C before sectioning with a cryostat. 
Coronal sections (14−16 μm thick) were cut and mounted on 
Superfrost Plus Adhesion Microscope Slides (ThermoFisher 
Scientific). Sections were air-dried for 3 h and stored at −80°C 
for further use. After rehydration with PBS, sections were 
incubated with SDS 0.5% (w/v) in PBS for antigen retrieval 
followed by blocking solution [5% (v/v) donkey serum and 
0.3% (v/v) Triton X-100 in PBS] for 2 h and then with the 
polyclonal rabbit anti TMEM16B primary antibody (Novus 

NBP1-90739 diluted 1:1000 in the blocking solution) over-
night at 4°C. Slices were then rinsed with PBS and incubated 
with AlexaFluor488-conjugated donkey anti rabbit sec-
ondary antibody (ThermoFisher Scientific A21206) diluted 
1:250 in PBS-T (0.1% Tween 20 in PBS) for 2  h at room 
temperature. After washing with PBS-T, sections were treated 
with DAPI (0.2 μg/ml) for 30 min, washed with PBS-T, and 
mounted with Vectashield (VectorLaboratories, Burlingame, 
CA, USA). Immunofluorescence was visualized with a con-
focal laser scanning microscope (A1R Nikon, Tokyo, Japan). 
Images were acquired using NIS-Elements Nikon software at 
1024 × 1024 pixels resolution and analyzed with ImageJ soft-
ware (National Institute of Health, Bethesda, MD, USA).

Electro-olfactogram recordings
The experimental procedure was similar to that previously 
described by Zhao et al. (1998) and Franceschini et al., (2009, 
2014). After the mouse was sacrificed, the head was cut sa-
gittally and the nasal septum was carefully removed to ex-
pose the olfactory turbinates. The half heads were placed 
on a dissecting microscope located on a vibration-isolating 
table and shielded from electrical fields by a Faraday cage. 
The recording electrode was made from borosilicate glass 
(World Precision Instruments) pulled with a PP-830 puller 
(Narishige) to obtain a tip diameter of 10–20 μm. The tip of 
the pipette was filled with Ringer’s solution containing 0.5% 
agar and the pipette was filled with Ringer’s solution. Ringer’s 
solution contained (in mM) the following: 140 NaCl, 5 KCl, 
2 CaCl2, 1 MgCl2, 10 Hepes, pH 7.4 with NaOH. The re-
cording electrode was mounted in a pipette holder and was 
carefully placed on olfactory turbinates. The ground electrode 
was placed in the brain of the mouse. The hydration of the 
epithelium was guaranteed by a constant stream of humidi-
fied and deodorized air over the turbinates. The stimulus pulse 
was controlled by a Picospritzer-controlled valve (Parker 
Hannifin). For stimulation, a 100  ms pulse of vapor phase 
odorant was injected at 10 psi into a continuous stream of hu-
midified air. Vapor phase odorant as the stimulus were gener-
ated by placing an odorant solution in a 10-ml glass test tube 
capped with a rubber stopper. Two 20-gauge needles pro-
vided the input and output ports for the odorant-containing 
vapor above the solution. The odorants used, isoamyl acetate 
(IAA) and heptanal, were prepared every day as 5 M stocks 
in dimethyl sulfoxide (DMSO) and then diluted in water to 
reach a final concentration from 10–5 to 10–1 M. The record-
ings were made from 2 points on the olfactory epithelium, in 
the anterior region in turbinate II and in the posterior region 
in turbinate IV. The minimum interval between stimulations, 
excluding when explicitly indicated, was at least 3 minutes. 
Experiments were performed at room temperature. The data 
were collected with an Axopatch 1D amplifier controlled by 
Clampex 9.2 via Digidata 1322A (Axon Instruments, USA). 
The signals were recorded at a sampling rate of 1 kHz and 
low-pass filtered at 20 Hz. Analysis and figure preparation 
were performed using IgorPro (Wavemetrics). The kinetics of 
EOG responses were evaluated measuring latency, rise time 
and decay time. Latency was determined as the time between 
the start of odorant stimulation to 1% of the peak value; the 
rise as the time between the start of the response and the peak; 
the decay time (t75) as the time the response takes to decrease 
by 75% of the peak. If not stated differently, all chemicals 
were purchased from Sigma.
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Results
Expression of TMEM16B in the olfactory epithelium
To investigate the role of TMEM16B in olfactory trans-
duction we used a loss-of-function approach using a KO 
mouse for Tmem16b. In these animals, the coding sequence 
for membrane-bound farnesylated mCherry is inserted into 
the Tmem16b locus to visualize cells expressing TMEM16B 
(Zhang et al., 2017). We performed immunohistochemical 
experiments to visualize TMEM16B in this model. As ex-
pected, in OEs from WT mice, TMEM16B was localized 
in the ciliary layer on the surface of the epithelium while 
mCherry was not expressed (Fig. 1A–C). In Tmem16b KO 
mice, no staining was detected for TMEM16B and mCherry 
was localized in the entire OSNs (Fig. 1D-F), as expected as 
mCherry Tmem16b KO mice were engineered to express 
mCherry in the entire cells that normally express TMEM16B 
(Zhang et al., 2017).

Odorant responses in Tmem16b KO OSNs
We investigated the role of TMEM16B in signal transduc-
tion by using the electro-olfactogram (EOG) technique, 
stimulating with two odorants individually presented at 
varying concentrations. We selected two different spots on 
the olfactory turbinates (one anterior on turbinate II and 
one posterior on IV, respectively) and recorded the odorant 
responses.

Surprisingly, we found that the odorant responses are sig-
nificantly bigger in KO epithelia compared with WT both 
in the anterior and posterior parts of OE (Fig. 2A–D). The 
larger responses in KO were independent of the odorant 
used since we stimulated both with isoamyl acetate (IAA) 
or heptanal at different concentration (from 10–5 to 10–1 M). 
For both odorants, the difference became statistically sig-
nificant at the higher concentrations that we tested. For ex-
ample, in the anterior region, the average response to 10–1 
M IAA was 13 ± 2 mV (n = 11) in the Tmem16b KO and 

7.2 ± 1.0 mV in WT (n = 12; Fig. 2A, C). Thus, the odor 
response was almost two-fold larger in KO compared with 
WT mice.

In addition, not only the responses in the KO were larger 
but they were also faster. We further analyzed the kinetics 
of the EOG responses to IAA (Fig. 3) and found that both 
the rise time and the decay time (t75, see Methods), were sig-
nificantly faster in OEs from Tmem16b KO with respect to 
WT (Fig. 3E, F). No changes were observed in the latency 
(Fig. 3D). Similar results were obtained both with IAA and 
heptanal as stimulus.

Paired pulse adaptation responses in WT and 
Tmem16b KO mice
Odorant-induced adaptation occurs in the olfactory system to 
prevent the saturation of the cellular transduction machinery 
and can be described as the phenomena of decreasing re-
sponses either to repeated stimuli or during prolonged stimu-
lation (Kurahashi and Menini, 1997; Reisert and Matthews, 
1999).

To study the possible role of TMEM16B in OSN adap-
tation, we performed EOG recordings using a paired pulse 
protocol. We delivered two 100 ms-long IAA pulses to the 
anterior portion of OEs with interpulse intervals (IPI) ran-
ging from 0.5 to 5 s (Fig. 4A, C). Since the response to the 
first odor pulse did not decay to baseline when the second 
pulse was applied, the recorded second response reflects the 
sum of the residual first response and the real, adapted, re-
sponse to the second pulse. To obtain the net second response 
peak amplitude, we first fitted the decay phase of the first 
response with a single exponential function. Then, we sub-
tracted the value of the fitted trace at the peak time of the 
second response from the second pulse peak amplitude. To 
quantify paired-pulse adaptation, we calculated the ratio be-
tween the peak of the second response and the first response 
(2nd/1st). At 10–4 M IAA paired pulse adaptation was similar 

Figure 1. TMEM16B is expressed in olfactory sensory neurons. Confocal micrographs of coronal sections of the olfactory epithelium of WT (A–C) and 
Tmem16b KO (D–F). TMEM16B was expressed in the ciliary layer of WT (A) but not in KO mice (D). mCherry stains the cells of Tmem16b KO that 
normally express TMEM16B and was only detected in OSNs from KO mice (B, E). Nuclei were stained with DAPI.
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Figure 2. Odorant responses in WT and Tmem16b KO mice. Representative EOG recordings from WT or Tmem16b KO mice. The responses were 
evoked by 100 ms stimulation with isoamyl acetate (IAA) vapor of increasing concentrations ranging from 10-5 to 10-1 M as indicated. EOG recordings 
were obtained from anterior (A) or posterior (B) portions of OEs as shown in the inset. Dose–response relationships of average peak EOG amplitudes 
from WT or Tmem16b KO mice to IAA or heptanal vapor obtained from anterior (C) or posterior (D) portions of OE (n = 9–12; **P < 0.01 *P < 0.05 t-test 
with Bonferroni correction after mixed two way ANOVA). Error bars represent sem.

Figure 3. Kinetics of the odorant response in WT and Tmem16b KO mice. (A–C) Representative normalized EOG recordings from WT or Tmem16b KO 
mice. The responses were evoked by 100 ms stimulation of vapors of the indicated IAA solution concentration. Scatter dot plot with average ± sem 
showing the values of latency (D), rise time (E) and decay time (t75) (F) in WT or Tmem16b KO mice at each odorant concentration (n = 17–21; **P < 0.01 
***P < 0.01 Student’s t test).
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in Tmem16b KO and WT mice (Fig. 4E). At high odorant 
concentrations (10–3 M and 10–2 M IAA), we found that re-
sponses from Tmem16b KO recovered faster from adapta-
tion than WT mice. At 10–3 M IAA, the ratio 2nd/1st for 
IPI 0.5 s was 0.17 ± 0.02 for WT (n = 9) and 0.33 ± 0.02 
for Tmem16b KO (n = 10), while for IPI of 1  s, the ratio 
2nd/1st was 0.51  ±  0.02 for WT (n = 9) and 0.38  ±  0.02 
for KO (n = 10; Fig. 4F). Similar differences were found at 
10–2 M IAA (Fig. 4G). The striking differences in paired-pulse 
stimulations at low odorant concentrations indicate that in 
Tmem16b KO adaptation to the second odorant stimulus 
was reduced with respect to WT at the shorter IPI up to 1 s 
and it was dependent on the odorant concentration. The re-
sults shown in Fig. 4 were recorded from turbinate II and 
similar results were obtained from turbinate IV of the OE. 
Also, the faster recovery from adaptation observed in the 
Tmem16b KO compared with WT mice was odorant inde-
pendent since similar results were obtained using heptanal 
as stimulus.

Discussion
The very first step in odor perception is the activation of 
the peripheral odorant transduction cascade that gives rise 
to the transduction current characterized by response ampli-
tude and kinetics that must be tuned to the always-changing 
odorant landscape (Boccaccio et al., 2021; Genovese et al., 
2021; Kleene, 2008). TMEM16B is the main Ca+-activated Cl¯ 
channel playing a role in odorant transduction. Using single 
cell electrophysiology, it was shown that the Ca+-activated 
Cl¯ currents were entirely absent in OSNs from Tmem16b 
KO mice (Billig et al., 2011; Li et al., 2018, 2022; Pietra et 
al., 2016; Ponissery Saidu et al., 2013; Stephan et al., 2009). 
Several laboratories tried to clarify further the role of this 
channel (Billig et al., 2011; Li et al., 2018; Neureither et al., 
2017; Pietra et al., 2016) and its current that normally consti-
tute up to 90% of the receptor current in rodents (Boccaccio 
and Menini, 2007; Kurahashi and Yau, 1993; Lowe and Gold, 
1993; Reisert et al., 2005).

Figure 4. Paired pulse odorant responses in WT and Tmem16b KO mice. Representative normalized EOG double pulse responses from WT (A) 
and Tmem16b KO mice (C). OEs were stimulated with 100 ms-long pulses with different interpulse intervals (IPI 0.5, 1, 3, 5 s) with IAA at 10–2 M 
concentration. (B, D) Net responses to each stimulus for the recordings are shown in (A–C). Dotted line represents the mono-exponential fit obtained 
with the peak responses to the second odor pulses. (E–G) Ratio of the second stimulus to the first ± sem at the indicated odorant concentration plotted 
versus the IPI (n = 8–10; ***P < 0.001 t-test with Bonferroni correction after mixed two-way ANOVA).
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Here we showed that TMEM16B limits the amplitude and 
prolongs the odorant-evoked field potentials. Our data intro-
duce what seems to be a paradoxical effect: while amplifying 
the transduction currents recorded in single cells (Boccaccio 
and Menini, 2007; Lowe and Gold, 1993; Reisert et al., 
2005), TMEM16B apparently reduces the summated gener-
ator potentials.

Also, we investigated odorant-induced adaptation by 
measuring EOGs in response to repeated odorant stimuli 
with various interpulse intervals. Adaptation was present 
both in olfactory epithelia from WT and Tmem16b KO mice 
but the absence of TMEM16B induced a faster recovery from 
adaptation only at high odorant concentrations and short 
interpulse intervals, indicating that TMEM16B has a limited 
role in paired pulse adaptation when measured with EOG 
recordings.

Our paper is not the first to measure EOG responses from 
OE of Tmem16b KO mouse models. Two previous studies 
used EOG recordings to understand the role of TMEM16B in 
olfactory transduction and reported contrasting results (Billig 
et al., 2011; Neureither et al., 2017). Billig et al. (2011) used 
EOG recordings both in the fluid phase, where they measured 
a response reduction in Tmem16b KO and EOG recordings 
in the air phase, where they did not observe any substantial 
changes in the odorant-induced responses. As they also did 
not find any apparent behavioral deficits, they considered 
TMEM16B and its currents dispensable for normal olfaction. 
Later, Neureither et al. (2017) showed that the integral of the 
air phase EOG responses were significantly smaller in KO 
compared with WT at low concentrations of the food-related 
attractive odorant syringol, while no differences were found at 
higher concentrations. The authors did not mention whether 
there was a decrease in EOG response peak amplitudes.

Our results introduce a third scenario where EOG re-
sponses from KO are larger and faster compared to the WT 
mice. The reasons for these discrepancies with the afore men-
tioned published results are not clear. For example, technical 
differences in air and odorant application (flow rate, pres-
sure, humidity) could explain the contrasting results (Scott 
et al., 1996, 1996). Another possible difference could be the 
different odorants used as stimuli. It is also worth noting 
that in Billig et al, (2011) the magnitude of the EOG air 
phase responses were quite small, less than 0.5 mV, probably 
dampening the possibility of detection of small but signifi-
cant differences; while in Neureither et al. (2017), the authors 
themselves mentioned that their responses were quite vari-
able and for this reason they decided to use the integral of 
the response as the measured parameter. Our EOG experi-
ments instead showed consistently larger peak responses and 
although the experimenter was blinded to the genotype, could 
quickly distinguish between WT and KO because at higher 
concentrations the responses were clearly larger and faster. 
In summary, in Tmem16b KO compared to WT mice, the 
EOG responses have been reported to be either one of the fol-
lowing: unchanged, but very small (Billig et al., 2011), smaller 
integrated responses, that would be compatible with faster 
responses (Neureither et al., 2017), or larger and faster (this 
paper).

It is difficult to find a common denominator that could 
satisfactorily explain these different results but we believe 
that a first conclusion that could be drawn is that EOG po-
tentials are changed in the KO mice. In addition, Neureither 
et al. (2017); Zak et al. (2018) and our previous report 

(Pietra et al., 2016) showed that Tmem16b KO mice failed 
to perform naïve olfactory tasks that did not required a 
learning phase.

Since single cell recordings showed drastic reductions in 
the transduction current in KO mice (Billig et al., 2011; Li et 
al., 2018; Pietra et al., 2016), one could expect that also the 
EOG amplitude could be decreased, but these two recording 
methods might not necessarily match in every aspect. For ex-
ample, in KO mice for the cilia- and flagella-associated protein 
69 (Cfap69), the transduction currents measured from iso-
lated single OSNs were unaltered in their maximal responses, 
while EOG amplitude were reduced at higher concentrations 
of amyl acetate (Talaga et al., 2017). Furthermore, using 
single cell suction recordings, the Na+/K+/2Cl¯ transporter 1 
(NKCC1) has been shown to be necessary and sufficient for 
Cl¯ accumulation in OSNs cilia (Hengl et al., 2010; Kaneko 
et al., 2004; Reisert et al., 2005). However, EOG recordings 
have shown contrasting results (Haering et al., 2015; Nickell 
et al., 2006, 2007), indicating that more than one transporter 
might be involved in Cl¯ accumulation (Nickell et al., 2006, 
2007). Of note, in this case Cl¯ homeostasis was altered, not 
the Ca2+-activated Cl¯ channel.

One could ask: is the EOG really measuring only the trans-
duction events? EOGs have been extensively shown to be 
generated by OSNs (Ottoson, 1955; Scott and Scott-Johnson, 
2002) and reflecting transduction processes (Belluscio et al., 
1998; Brunet et al., 1996; Wong et al., 2000). EOGs are also 
the result of odorant stimulation with a contribution from 
other events and/or other cells that are excited indirectly as a 
consequence of OSN response (Daiber et al., 2013; Lu et al., 
2008). In order to contribute to EOGs, those other signals 
must be slow events at the timescale of the EOG that fall in the 
time windows of the recorded response; i.e. fast Na+ spikes are 
unlikely contributors to the normal EOG signals (Genovese et 
al., 2016). When EOG recordings were performed from mice 
with mature OSNs expressing channelrhodopsin in the whole 
cellular membrane except in the ciliary membrane, the light-
induced potentials were faster and had smaller amplitudes 
(Genovese et al., 2016) compared to the canonical EOG re-
corded odorant responses. The answer to the above question 
is then that transduction events have a predominant role in 
the EOG responses.

What do EOG results tell us about the physiological role of 
TMEM16B? We proposed that the role of the Ca+-activated 
Cl¯ currents is to clamp the membrane potential during an 
odorant stimulation thus keeping sodium channels inacti-
vated reducing the length and the number of action potentials 
(Pietra et al., 2016). In addition, TMEM16B is also contrib-
uting to the spontaneous firing of the OSNs induced by basal 
OR activity (Dibattista and Reisert, 2016; Reisert, 2010) 
Therefore, the lack of TMEM16B could cause a reduction 
of the basal Cl¯ conductance decreasing the ciliary conduct-
ance and increasing the net odorant-evoked depolarization. 
Moreover, the Cl¯ intraciliary and mucus concentrations may 
set the reversal potential for a Cl¯ current to be more negative 
than that for the CNG-mediated currents (that have a reversal 
close to 0 mV). In these conditions, Ca+-activated Cl¯ currents 
would shunt the CNG channel depolarization (hence reduce 
the maximal response generated by the CNG channel alone). 
The altered EOG responses would then indicate that the lack 
of TMEM16B confounds the entire peripheral information 
processing, thus altering the signals arriving to the olfactory 
bulb (Zak et al., 2018).
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Single cell recordings, although powerful to understand trans-
duction do not inform on the population-wise events within the 
entirety of the olfactory epithelium. EOGs, instead, by recording 
an ensemble of odorant responses from OSNs expressing 
both the same and different ORs, may represent the very first 
population-wise information processing in the entire olfactory 
system. In conclusion, TMEM16B might limit membrane de-
polarization, control spike train duration and the amplitude and 
kinetics of the OSN generator potential recorded by the EOG.
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