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Abstract

In the biosensor system, olfactory receptor simmdccbe activated by odorant molecules and
then the biological interactions are converted iglectrical signals by a signal transduction
cascade that leads the toopening of ion channetgrgting a current that leads into the cilia
and depolarizes the membrane.

The aim of this paper is to present a new investigahat allows determining the olfactory
band using a monolayer adsorption with identidgssmodeling which may also describe the
static and the dynamic sensitivities through theression of the olfactory response.
Moreover, knowing the size of receptor site in difely sensory neurons provides valuable
information about the relationship between molecstaucture and biological activity. The
determination of microreceptors and mesoreceptergnostly carried out via physical
adsorption and the radius is calculated using tekiK equation. The mean values of radius
obtained from the maximum of the receptor sizeritstions peaks are 4 nm férmuscone
and 6 nm for d-muscone.

Keywords:. transduction, adsorption model, olfactory respossasitivity, olfactory band.

1. Introduction

The five senses, hearing, vision, touch, taste,sanell were first defined by Aristotle as the

constituents of a living being’'s perceptivity. Aensory systems detect stimuli via specific
sensory cells and receptors.

Photoreceptor cells of the eye undergo ion curobinges upon photon detection by light

sensitive cells. To understand the first stepshef visual transduction mechanism, it is

necessary to investigate the interaction betweenligint and the photoreceptors which are
illuminated with very low light intensities. Hecl&hlaer and Pirenne in 1942 determined that

the eye’s detection limit corresponds to energiesdent at the cornea, in the range 2-810



J, equivalent to 54-148 photons. To calculate thergy actually absorbed by the retinal
receptors, they applied corrections to take accotiabsorption by the ocular medium (50%)
and losses due to reflection (4% at the corne&pwiise, at least 80% of the light is falling on
the retina passes through unabsorbed. After alletheorrections, they estimated that the
number of photons absorbed by the visual pigmestiw#ée range 5-14 [1].

The photoreceptor cells of the retina contains gells, which respond to weak light over a
range of wavelengths, and three classes of cote wdlich respond to colors in bright light.
Rhodopsin is the photoreceptor in rods and conatsdtcurs in four forms; each comprises
one of four homologous opsin proteins (bathorhoogsfumirhodopsin, metarhodopsin-|
andmetarhodopsin-ll)linked to Idsretinal [2, 3, 4]. The principal enzymes of the
transducing cascade are the G protein transducirti&@ transduces the light signal and the
effector enzyme cyclic GMP phosphodiesterase. éndark, the cation channels are held in
their open configuration by the presence of cGMire €ffect of light is to initiate a series of
molecular rearrangements in rhodopsin (There deetefely 10-20 molecules of cGMP for
each molecule of rhodopsin) that generate activatedlopsin (Rh*). This catalyses the
exchange of GTP for GDP on transducin. The mechawikphototransduction in cones is
very similar to that of rods, differing only in tas of color specificity

Olfactory recognition and spatial functions appeagraft onto these anatomical pathways,
described above for the visual system. Howevetingisons between the olfactory and visual
systems should be noted.

The mammalian olfactory system is capable of sgnamd distinguishing several hundred
different odorant molecules. All of these compourade volatile molecules or a set of
molecules, none has a molecular weight much grélaéer 300 Da and all have the ability to

partition between lipid and aqueous phases [5].



As with the mechanism of phototransduction [6], ti&actory process allows enormous
amplification of the initial signal. Olfaction inhé mammalian olfactory epithelium is
mediated by a large family of Guanine nucleotidetgn (G protein)-coupled receptors
(GPCRs) from the rhodopsin-related receptor supelya These are known collectively as
odorant receptors. The total number of odorantptecegenes varies widely across species;
mouse have about 900 functional odorant receptoeggéand ~1200 chemoreceptor genes in
all), whereas humans have about 350 functional asdoreceptor genes and have lost the
vomeronasal (olfactory sense organ in most animadsgptors during evolution. These
differences result both from duplication of geneghie mouse lineage and from extensive loss
of genes in the human lineage [7].

The exploration of the olfactory sensory systermainmals is an appropriate model to study
the fundamentals of the chemosensitivity and toewstdnd the olfactory system. The
olfactory system has the capacity to detect thadsar even hundreds of thousands of
volatile molecules at very low concentrations amtiiminate between them even differing
by only one or few atoms [8]. In mammals, the oamiecules pass through the nasal cavity
and move in the mucus [9]. So, hydrophobic odoraméist cross an aqueous fluid which
contains great concentration of odorant bindinggins (OBPs) that transport them to reach
the olfactory receptors. Then, the odorant molecat#sorption on the olfactory receptor sites

is a decisive step in the olfaction mechanism.

The present work purpose is to study the transfoomaf olfactory signals, to review how
the olfactory response of the projection neurongedds on the odorant concentration and to
drive the coding of this response in terms of @ssstivity. This study leads us to analyze the
static and the dynamic sensitivity through the egapibn of the statistical physics formalism
which can give a physical significance of parangetetroduced in biological disciplines such

as the olfactory perception via muscone enantioradsorption onto the mouse muscone
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receptor MOR215-1 [10], to determine the recepitw size distribution function thanks to

the statistical physics formalism by the derivatarthe olfactory response expression using
the monolayer model with identical sites relatieeréceptor site radius and to define the
olfactory vibrational frequencies band by applythg grand canonical formalism through the

determination of the molar adsorption energies 171,

2. Olfactory transduction

The olfactory transduction takes place in the cdfaolfactory receptor neurons that are
essential to convert external chemical stimuli iméracellular electrical responses. The
olfactory cilium is a nanotube structure with aywemall volume (fL: femtolitre) [13] and
embedded in a mucus layer [14]. The odorant modscdiffuse through the mucus in the
olfactory epithelium and bind to small globular caiat binding proteins (OBPs) before
reaching the odorant receptor sites. This ideaageth on the expression of several OBPs in
the same species, with different and complemendpgectra of binding. Apparently, OBPs
enhance the aqueous solubility of hydrophobic aatsrebut their exact functions in olfaction
remain uncertain [15, 16]. There are evidences thifdctory receptors work also as
mechanoreceptors: odorant receptors (ORs), a fargdy of G protein-coupled receptors,
underline the responses to both chemical and mesaiatimuli in mouse olfactory sensory
neurons (OSNs) [17, 18, 19]. The study of Timotlon@elly et al [18] reveals an unidentified
cascade for mechanotransduction in neurons andestgythat G protein-coupled receptors
may have an overlooked function as mechanical senshis finding establishes a molecular
mechanism through which the nose sends an affaignal of breathing to the brain to
facilitate integration of orofacial sensation aydahronize delta/theta-band activity in certain

brain regions with respiration.



The activation of olfactory GPCRs transduces egftalar odorant signals into an
intracellular signal by activating the heterotrimeGy; protein [20, 21, 22, 23], which
possesses intrinsic GTPase activity. In its basates G proteins exist as heterotrimers
composed by three distinct subuniés,, andy. When an odorant molecule binds to and
activates the GPCR, the resulting change in thesptec conformation leads to a
conformational change in the G protein, which rissird the dissociation of GDP from tle
subunit and the subsequent binding of GTP. Inaiitineof the G protein occurs when the
bound GTP is hydrolyzed to GDP, a process that lmaraccelerated by regulators of G
proteins or GTPase-activating proteins [24, 25]other class of proteins, the guanosine
nucleotide exchange factors (GEFs), enhances th@otin signaling by catalyzing the
dissociation of GDP. The protein Ric-8B is a pmatGEF expressed in OSNs [20, 26, 27,
28]. Stimulus binding leads to increase intragfliayclic adenosine monophosphate (CAMP)
levels via sequential activation of olfactory G teia(Gyr) and type Il adenylyl cyclase
(ACIIN [29, 30, 31, 32]. Similar to the channefsthe retinal rod outer segment membranes,
the increase in the intracellular cAMP concentratifitAMP]) in the olfactory cilia causes
cyclic nucleotide gated (CNG) channels to opergvalig hundreds of thousands of ions to
enter the cell, including the concentration of zatc ions ([C4']), and the depolarization of
the ciliary membrane [33, 34, 35]. As with the mati system, the rise of the intracellular
[Ca’*] opens the Cd-activated chloride (CAC) channels and promoteseffiex of chloride
anions (C) from the cilia to the outside of the cell, whiemplifies the depolarization
initiated by the opening of CNG channels [36, 38, 39, 40]. The amplitude of this
depolarization depends on the nature and amoutiteobdorant molecules detected by the
olfactory receptor. The receptor potential triggansaction potential, which transmits odor

information to the brain. Therefore, all the olfagt information sent to the brain is



transmitted through the signaling molecules thaipt® the olfactory stimulus to ion channels
[41].

Calcium ion influx is a key component of the oddrawoked current through olfactory CNG
channels. The influx of G& has several important consequences in additiosupplying
inward a depolarizing receptor current.’Canflux through CNG channels during odorant
stimulation also exerts negative feedback ontoGh& channel itself, acting as a brake to
retard further activity and regulates the activafya number of the enzymes involved in the
second messenger cascades in olfactory signalduetisn. These actions of Eaare
particularly important for signal adaptation [43] 4

Olfactory receptor neuron excitation is terminabyda number of mechanisms. An obvious
one is the unbinding and disappearance of the atltnan the chemoreceptive site located at

the surface of the cilia, maybe aided by odoramdlibig protein (OBP).

3. Stimulus-receptor site interaction

The interaction energy between the odorant moleantethe receptor site should be a weak
one, i. e., on the order of a few times'kto allow fast disappearance of the first siguhén

the surrounding atmosphere is changed. Despitewtbak interaction, it should produce a

large effect because sensitivities of the ordea afmall number of odorant molecules per
receptor cell have been reported at threshold. TEnge effect must be able to produce an
increase in the conductance of a limiting resigtasirface of the receptor neuron and in the
density of charge carriers to depolarize the wioolemited region of the surface. The number

of charge carriers crossing the olfactory recepturon must be a large number times the

number of adsorbed molecules [44].

4. Static and dynamic sensitivities



The ability to detect and respond in an adaptivéimea to chemical signals serves as the
primary window to the sensory world for most speodd animals. Chemical sensitivity is

present even in the simplest of the extant lifenfar bacteria, slime molds, and protozoans.
Sensitivity is a highly important issue in the deypenent of an effective biosensor, thus

enormous efforts have been made to maximize se@ngiti several detection systems.

Physically speaking, the odorant molecules couidisk passively or directly (static process),
or they could be actively transported to the sit©R interaction by way of proteins in the
mucus (dynamic process). The main function of OR$Psall soluble dimeric proteins) in
olfactory system is to solubilize and transfer loyhobic odorant into aqueous phase. This
function is important in increasing the sensitivatfyolfactory receptor because the presence of
OBPs increased the signal intensity of Qaflux.

Although various studies have been conducted tesitigate the functions of OBPs in natural
systems, no study has yet examined the effects BRSOspecificity on the sensitivity of
olfactory receptor. The competitive mechanisms adrant-olfactory receptor and odorant-
OBP-olfactory receptor interactions were also sstgge based on analytical methods using
statistical physics formalism through the studythe variation of the static and the dynamic

sensitivities according to the concentration of tilve muscone enantiomeré-ihuscone and

d-muscone) on the mouse muscone receptor MOR215-1.

The static sensitivity expresses the single olfgct@sponse per unit odorant molecule
concentration which is related to the discriminatibreshold which can be defined by the

following relation [45, 46]:

s = Ran 1)

We have developed, in a previous paper [11], sigressions of theoretical adsorption
models, based on the grand canonical ensembleaatist&tal physics, with the purpose of

selecting from them an adequate statistical physiadel of the single olfactory response of



the two muscone enantiomeisriuscone and d-muscone) onto the mouse muscongaoece

MORZ215-1. Their chemical structures are presemtd€g. 1.

The fitting of the experimental curves demonstratkdt the proposed adequate model
presented a good correlation with the experimedsh. It is specified by a “monolayer
adsorption with identical sites model” to charaize the musky stimulus—receptor site
interaction.

The non-linear form of the monolayer adsorption hwitlentical sites model can be

represented as:

Ry, =aN S SO S= S )

0o C C
1+( 1/2)n C1+ 1/2\ n
s [+ (C25)"]
Where Ry is the saturation response which is related yicaNda, Cy/»is the concentration at
half saturation which is related to the adsorptemergy, n represents the fraction or the
number of adsorbed molecule(s) per site @mgla transduction coefficient. The values of the
analytical adjustment coefficieitmuscone and d-muscone alone are 0.99954 and (0.9957

respectively and the fitting physico-chemical pagéars are presented in Table 1.

Fig. 2 shows that in the threshold vicinity, stinmilconcentration is low, i. e., C <<, the

n

. R, C - . N
olfactory response expressions s(R——) indicates that the static sensitivity
1/2

n-1

s ~—M increases with decreasing n for a given concentratnd for any n (Fig. 3). Then,

n
C:1/2

we can conclude that the steric parameter n cantnal sensitivity. This trend of sensitivity is
inversed for a concentration in the vicinity of/ LThe static sensitivity moves toward high

concentrations if the concentration at half satona€,, increases. More the concentration at



half saturation of this stimulus is elevated, mthre sensitivity decreases. Indeed, more the
concentration is great more the olfactory systenedeetime for adaptation (loss of
sensitivity). At half saturation, when concentratiG is equal to €, the static sensitivity is

approximately expressed as a function of the paie &, and the inverse of half saturation

M

concentration, ¢, and can be written as: s . For high concentrations, i. e., C >3/

1/2
the totality of receptor sites are occupied. Thnesuvalue of the static sensitivity tends towards

Zero.

The dynamic or differential sensitivity of the meususcone receptor MOR215-1 is defined

by the following expression [45, 46]:

o= R (3)
dac

Using the analytical expression of the olfactorgp@nse with the monolayer adsorption

model with identical sites, the sensitivity takies form:

C(—:(n+1) (4)
[L+ (23"

s=nR,C,,,"

The variation of the dynamic sensitivity s’ accoglito the concentration of the two muscone
enantiomers{tmuscone and d-muscone) on the mouse muscone seddPiR215-1, which

has some differences in behavior from the statisisgity s, is represented in Fig. 4.

Fig. 4 presents the variation of dynamic sensitigt versus the concentrations of the two
stimuli. For low concentration relative tg /& when C << @5, the dynamic sensitivity of the

olfactory membrane is approximately expressedfasction of the parameters nyRnd the
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. At half saturation, when

. . ., nR,C™
inverse of the half saturation concentratio.:Cs —

1/2

nR,,

concentration is equal toi1fg the dynamic sensitivity can be written: s’ . However,

1/2
for high concentrations (C >>,%), the value of dynamic sensitivity tends towardsozas for
the static sensitivity which can be explained bg fhact that the totality of receptor sites

becomes occupied.

5. Structure-activity relationship: Receptor site size distribution (RSD)

The link between the molecular structure of an adbiand its perceived odor quality was
pointed out by Linus Pauling only in the middletbé twentieth century [47]. Nevertheless,
the notion of structure—odor relationships wast fagplied to odorant molecules by Amoore
[48, 49], who established a list of primary odoiurthermore, the development of
computational tools led to the appearance of qtaivie structure—activity relationships,
which attempts to correlate an experimental respafsological activity or a physico-
chemical property) with some molecular properties.

The odorant molecule can produce the conformaticmahges of olfactory receptor site. Such
structure would not allow the entrance of a largdecule into the binding cavity without a
major conformational change [50, 51]. Proteins raoe rigid bodies and can change shape.
The molecular volume of an odorant molecule shanédch the dimensions of the receptor
site. Subsequently, the odorant molecule can fd the binding site of the OR and trigger
signal transduction. Indeed, the interactions betwadorant molecule and receptor site have
a prominent impact on charges distribution of theeptor. The odor bound binding proteins
(receptor site) activate second messengers (epgot8ins). The activated second messengers

cause a change in the conductivity of ion chanfiéisough ionic influx a depolarization can
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build an action potential. Furthermore, the amaafrthange in the membrane potential of an
olfactory receptor neuron depends on the numbeactwated olfactory receptor sites and the
time that they remain activated, which are deteeahiby various physico-chemical properties
of the ligand (odorant) and the receptor, but ezdocus only on the size of the receptor site
or the binding-pocket.

We could know the size of the receptor site, if kmew its three dimensional structure. But
this is not the case ongoing here; it is not easknow the structure of integral proteins,
including olfactory receptor. Thus, the topic ofstpart of ongoing researches is determining
the receptor site size distribution (RSD), throdigh use of the grand canonical ensemble in
statistical physics and the Kelvin equation andttaly the influence of the steric interaction
between the odorant molecules and receptor sites.

In this study we suggest that the surface of thesaeanuscone receptor MOR-215-1 is porous
and the musky odor is accounted for by moleculel thie shape of a disk about 1 nanometer
in diameter (0.5 nm in radius) [49]. This meanttttiee receptor site for musky molecules

must be a disk about minimum one nanometer in dieme

The vapor pressure P of the odor molecule in recepte of radius r (in nm) is given by the

following Kelvin equation [52]:

In(EJ -2 cosd (5)
P ) IRT

Where R is the saturation vapor pressure of the adsorbateijts surface tension, Ms the
molar volume of the liquid adsorbate, R is the idgas constant (8.3143 ¥0J.nnf
(K.mol.m?)™%), T is the absolute temperature @ni$ the contact angle. From Kelvin equation
Eq. 5, we can deduce:

_2NL 1 _C
r

_:eRTI’:e

P

(6)

12



Where ( is the Kelvin constant.
In the case of muscone enantiomers, the correspgmpadirameters at 298 K that we have used

[53] are illustrated in Table 2. We have ugeed®.

The realized model can also be applied to liquidgehadsorption systems by replacing

C
P with 6[54]' The derivative of the single olfactory resperrelative to receptor radius

0 S
gives the receptor site size distribution expresgi®|:

drR

RS:) - dr.sin (7)
_AET
drR, :i[ R,, ] = nR,C,(e Rer)"
dr dr _AEa Cy _AEa Cy (8)
1+(e me™)" r?[l+(e e )")?

According to the two muscone enantiomers resporieesieceptor site size distributions of
the mouse muscone receptor 215-1 sites were deiedmas presented in Fig. 5. It can be
seen that the mouse muscone receptor 215-1 possegseltiple site distribution ranging
from microreceptors to mesoreceptors size. Theptecesite size distribution of each
olfactory sensory neuron may be determined by dhicing the Kelvin equation in the
expression of the statistical physics model. Itetejs on several parameters such as the
fraction or number of molecule(s) per site n, thsponse at saturationyRand the Kelvin
constant ¢ Through our model based on the statistical pBysice can deduce thdt
muscone molecules occupy smaller receptor sites drmuscone (Fig. 5). The Fig.5 shows
receptor site size distributions with peaks at acbd nm fort-muscone and at around 6 nm

for d-muscone.
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6. Olfactory band

Odorants are bound to the receptor sites with #meesadsorption energyej-that gives the
molar adsorption energy from dissolved staF¢. By using the single energy expression for
all receptor sites, we can easily interpret theoguigon results because in the case of multi-
energy model, the statistical treatment would beendifficult and also the model expression
would be more complicated. The molar adsorptionr@neAE?, can be represented by the
depth of potential well which exist on receptoesiof the mouse odorant receptor neuron

MORZ215-1.

The values of the molar adsorption energies ofotlissl moleculesAE? for each muscone
enantiomer molecule (foi-muscone is 15.868 kJ/mol and for d-muscone is24iIImol),
using the fitted energetic physico-chemical paramseG (for t-muscone is 1.53 10mol/L
and for d-muscone is 1.70 1@nol/L) calculated in our previous work [11] showtht the
two muscone enantiomefsmuscone and d-muscone are binding onto the mowseane
receptor MOR215-1 with a physical adsorption, sitieevalues of the adsorption energies do
not exceed 40 kJ/mol. This is a direct method t@ ghe proof that the stimuli keep their
chemical structure after the adsorption processhatreceptor site. For equal values of
solubility, G, decreases as adsorption energy increases. Therdierdow value of G,
corresponding to the large value of adsorption gynanvolving strong odorant-receptor site
interaction and the adsorption is improved. Thus,c&an deduce that the receptor sites that
have the stronger energy will be rapidly and easdgupied by odorant molecules, whereas,
for large value of @, which correspond to low energy value, i.e., a lmnding energy and

the adsorption is reduced.
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This physical adsorption is achieved through “weaktermolecular forces like Van der
Waals or hydrogen binding [56, 57] that play a gigant role in a great variety of physical,
chemical and biological phenomena.

IUPAC has recently proposed the following definti¢58]: The hydrogen bond is an
attractive interaction between a group X-H and tbmaor group of atoms Y in the same or
different molecule(s). Although a normal hydrogeonth X-H...Y is weak compared to
covalent bonds, it is generally strong enough tepkisvo molecules together. X [59] may be
any element having electronegativity greater thlad ¢~, N, O, C, P, S, Cl, Se, Br and I) and
Y [60] could be any of these elements. Also, H atiteelf can form a hydorgen bond as
acceptor and it was called dihydrogen bonding.[@Buling has suggested a range from 8 to
42 kJ/mol as a typical bond [62] that does not cole bifluoride anion (FHF)For exemple,
O-H..N:29 kd/mol; O —H ...0: 21 kd/mol; N — H ...IN3 kJ/mol; N — H ...O: 8 kd/mol,
HO — H ...OK": 18 kd/mol. It is possible for a hydrogen bonddion through ther-electron
system of a molecule [63] or simple unsaturateddwgarbons to formx hydrogen bonds. The
binding energies of the lone pair andomplexes are 8.2 and 18.9 kJ/mol, respectively.

Van der Waals are weak attraction between moleculeslose proximity to each other.
Furthermore, energies associated with Van der Wagdsaction are quite small. Usually,
they are between 2 and 4 kJ/mol.

The led reasonning about the adsorption proceds staitistical physics formalism allows to
introduce all the energies of the odrant moleciilee translation energy is the only necessary
form to perform adsorption.Without it we can noeak of any adsorption phenomenon. All
the other energies come from the internal degrédélseomolecule as rotational, vibrational,
electronic, ... etc, which constitute different formfsexchange of energy between the odorant
molecules themselves and between stimulus andtotfaeceptor. There are many reasons to

eliminate the major part of internal degrees ofrges like rotational, electronic and nuclear
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except the vibrational. Nuclear and electronic gnelevels are enough high to be not
sufficiently excited at ambient temperature. Rotal degree could be in principale activated
at the ambient temperature, however the mucus igolnd the size of the muscone
molecules constitute a hindrance to the rotatiothefmolecule [64]. The vibration degree is
the only contribution which could not be eliminatdd addition, it is known that some
authors suggested that vibrational energy of odomamlecule is a principal vector of the
olfactory signal. Thus, with the use of the fittingpodel we are able to investigate
guantitatively and qualitatively the interventiomh the vibrational energy in the olfactory
mechanism by calculating its proportion in that heasm, which we did not here. Therefore,
we can say that each receptor responds to a pdatidtequency stimulation when odorant
molecules bind to all the receptor sites necesgaigomplete the transduction of olfactory
signal, then the odor is perceived. Thus, we cgritss#t the infrared spectrocopy is a powerful
tool for determing the olfactory band. IntermoleuVibration provides information on the
interaction of the atom or group with other partshe receptor site. In this part, we study the
physico-chemical nature of membrane receptor stieatior by investigating the typical

molecular vibration of the mouse receptor usingsteal physics reatment.

There are two types of vibrational theories of oddne type suggests that the effective
stimulus is intramolecular vibration of the odoramblecules which is detected by the sensory
nerves. Proponents of this view were: Ungerer, Dy3eudt, Turin and Wright. For example,
the theory of wright [65], that has its originstire view of Dyson [66], suggested the odors of
chemicals are associated with their intramolecuilbrational frequencies in the far infrared
region of the electromagnetic spectrum. The onffedince between them is that Dyson
directed attend to the frequency range of 1500-39f16, while Wright had concentered on
the lower frequency range of 100-700trMoreover, at the late 1990s, the vibrational tiieo

was developed by the introduction of a new biolajtcansduction mechanism of molecular
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vibrations based on the concept of inelastic edectunneling [67]. The other type considers
that the odor stimulus is transported at long réng@ the source of the nose by a propagated
electromagnetic radiation, may be ultraviolet, bubre often infrared. Supporters of this

concept include Ogle, Fabre, Hyninx, Beck and Galta[68].

We use the infrared spectroscopy to study the widoral interaction between odorant
molecules and receptor sites. According to Turid],[&/0latile molecule can get specific
sensations of their vibrational mode, which canitexthe receptor bonds in the frequency
regions associated with a particular fragrances Theans that the surface of the olfactory
receptor (may be pigment) absorbs vibrations of @di@cting the continuous cells in which

the olfactory nerves end.

As we have previously shown that the exchangedggneetween an odorant and olfactory
receptor to manifest a perception is an electrom@gnadiation in the infrared range. Then, it
is the same type as that for vision that has twotatkon mechanisms: optical and thermal
excitation [69]. Moreover, we can remove the optwee because on the one hand, the energy
of photon in the visible and infrared domain isgkely different and on the other hand, the
perception of odorant exist regardless of whethersubstance is lit or not. At the end, only
the thermal energy kept which cannot be eliminatethe olfactory mechanism. Indeed, the
major characteristics of the microscopic mechaniéramell are temperature dependent and
that odor is only a particular form of thermal epewhich is the adsorption energy. So we
can determine after this study the olfactory bamat is most probably between 2 and 42

kJ/mol corresponding to the infrared range: 2086(Bcm’.

7. Conclusions

17



In this paper, we conclude that olfactory transiunctovers all the biochemical (production
of second messengers) and electrical (openingnaé ithannels) steps from odorant molecule
binding on the olfactory receptor site until theigsion of action potentials by the olfactory
sensory neuron.

Olfactory systems have evolved great discriminatpoyver and extraordinary sensitivity
whose expression is established through the uieeafrand canonical ensemble in statistical
physics and the applying of some assumptions aadtbesent results demonstrate that the
mouse muscone receptor MOR215-1 is much more sentit(-muscone than to d-muscone.
Further, the high sensitivity of the olfactory rptmr cell is a consequence of signal

amplification mechanisms.

In olfaction process; it is generally believed thatroreceptors are the major provider of
binding sites, whereas, in mesoreceptors only weakisorption is observed [70], which

maybe lead to a weak perceived response (d-muscone)

In conclusion, by means of our statistical physiwgestigation we have determined the
interval energy which is approximately between & 4& kJ/mol corresponding to the infrared

range: 200- 3500 cithat we can name it olfactory band.
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Table 1 Adjustment parameters values correspontirtbe monolayer model with identical

sites (or Hill model).

Parameters £-muscone d-muscone

Rwu (a.u) 1.05 +0.01 1.03 +0.03

n 1.89 + 0.07 2.44 +0.24

Cy2 (mol/L) 1.53 10° + 4.08 10 1.70 10° + 1.08 10°

Table 2 Muscone parametefsrfiuscone and d-muscone).

Parameters € or d-muscone
v (N/m) 27.110°
V(m*mol) 282.6 10°

Ck (nm) 6.18
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Fig. 1 chemical structures é6fmuscone and d-muscone; molecular formulgHg,O and
chemical name: 3-Methylcyclopentadecanone.
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Fig. 5 The RSD of musky receptor sites with, R1.05 (a. u) and n= 1.89-(nuscone), R =
1.03 (a. u) and n= 2.44 (d-muscone).



Highlights

-static and dynamic sensitivities were developed in this work according to the monolayer

model with identical sites.

- Receptor site size distribution was calculated according to the monolayer model with
identical sites.

- Olfactory band was determined through the statistical physics treatment.



