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Abstract  

Smell is an important human sense for a comfortable life which 

interested perfume and luxury industries till now. In this paper, we 

investigated theoretically interactions between chemokine receptor 

and synthetic odorants of the young family of dienone musks 

using molecular docking by exploring the steric and electrostatic 

complementarity. Interpreted results allowed better understanding 

of smelling process involving protein receptors and brought 

helpful ideas to design new odorant molecules. 

Keywords: Smell- chemokine-olfaction- musks- molecular 

docking 

Introduction 

The odor molecules are interpreted by man. The main organ 

involved in this processes is brain which previously has recorded 

odors and stored in memorial system, allowing human to express 

many emotions (Charlier, 2009). However, the odorant molecules 

of different families share different characteristics in structure 

and solubility (Dravnieks, 1974). The perception of smell is the 

result of at least three steps, involved sequentially after an 

odorant has reached the olfactory region (Charlier, 2009). The 

first one is detection and the two other steps, namely transduction 

and signal integration, both involve neuronal or even higher level 

protagonists, but do not involve odorants (Golebiowski et al., 

2012). Detection is the most important step for chemists working 

in the field of flavor and fragrance, since it represents the primary 

link between the odorant and the full perception process. Odorant 

detection is usually thought to solely correspond to the 

chemoreception of odorants by olfactory receptors, which are 

indeed the main protagonists of the molecular step in the 

perception of smell (Buck and Axel, 1991; Meierhenrich et al., 

2004). 

The olfactory apparatus in vertebrates is capable of distinguishing 

and recognizing thousands of volatile chemicals at different 

structures and this chemosensory function is characterized by a 

very large family of odor receptors with seven transmembranes 

encoded by about 1000 genes, the majority of which would be 

pseudogenes in humans (Zozulya, Echeverri and Nguyen, 2001; 

Zhang and Firestein, 2002; Niimura et al., 2003; Godfrey, Malnic 

and Buck, 2004; Malnic, Godfrey and Buck, 2004; Olender et al., 

2004), spurred a burgeoning research effort in domains ranging 

from the neurosciences to clinical applications. 

However, the understanding of the mechanisms underlying the 

role of olfactory receptor genes prevents several problems. 

Among these concerns is how the discrimination of tens of 

thousands of odorants (combined into odors) is facilitated by a 

few hundred receptors (Crasto, Singer and Shepherd, 2001). 

Considering the recent discovery of nearly 5000 olfactory 

receptors (ORs) identified within the elephant genome, 

approximately 2000 of which are functional (Niimura, Matsui and 

Touhara, 2014). This is more than twice the number of functional 

ORs identified in mouse, rat or dog genomes. The human genome 

contains far fewer functional ORs (Zozulya, Echeverri and 

Nguyen, 2001; Niimura and Nei  ,2003;  Malnic, Godfrey and 

Buck, 2004; Glusman et al.  ,2000 ). 

In recent years, significant efforts have been sought to provide a 

mechanistic basis for OR-odorant interactions at a molecular 

level through computational methods (Lai, Singer and Crasto, 

2005; Lai and Crasto, 2012; Lai et al., 2014; Floriano et al., 2000; 

Vaidehi et al., 2002; Floriano, Vaidehi and Goddard, 2004). 

These methods have involved creating OR protein models and 

simulating interactions with odorants using static or dynamic 

methods. Modeling studies are essential as they provide a 

mechanistic view of OR-odorant interactions at the molecular 

level. Different methodologies have been adopted for creating OR 

models.  
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Although there is no direct evidence to support their functional 

role, OBPs appear as good candidates for the transport of 

odorants from the inhaled air to the bottom of the nasal mucus, 

where the olfactory neurons cilia expressing olfactory receptors 

are located (Golebiowski et al., 2012) (Figure 1). 

The development and evolution of olfactory resources are more 

effective and more sustainable; and to understand the 

relationship, structure-smell represent important problems to 

solve and understand; there are several similar works to this idea 

such as the works of Jerome and his collaborators (March et al., 

2015; Bushdid et al., 2019; Cong, Fiorucci and Golebiowski, 

2018).  

To the best of our knowledge our study is the first concerning 

chemokine interactions with dienone musks by computational 

methods.  

 
Figure 1: Odorant binding proteins (OBPs) in the nasal mucus 

capture odorants to putatively transport them to olfactory 

receptors (ORs) (Golebiowski et al., 2012) 

Materials and Methods:  

 

Molecular docking is important tool to understand interaction 

mechanisms in biological systems by computational methods. It 

is also used in many fields. Likewise, new molecules with 

biological activity have been discovered by studying complex 

formation and stability. Many docking programs (academic and 

commercial) are used to study interaction between protein 

receptor and molecules (MOE, 2014). In this paper we used 

Molecular Operating Environment software (MOE). Docking can 

be achieved via two important steps: first; sampling conformation 

of the ligand in the active site of the protein, then ranking these 

conformations via scoring function.  

Description of the chemokine receptor (PDB CXCR4): 

The chemokine receptor CXCR4 is a 352 amino acid rhodopsin-

like GPCR (Busillo and Benovic, 2007) and selectively binds the 

CXC chemokine Stromal Cell-Derived Factor 1 (SDF-1) also 

known as CXCL12 (Murphy et al., 2000). All 397 human OR 

sequences were aligned with the sequence of GPCRs for which 

the experimental structure is known. Manual adjustments were 

performed to be consistent with the data from 141 mutants 

previously described in the literature. A homology model was 

obtained using the crystal structures CXCR4 chemokine receptor 

(3ODU) as structural templates using Modeler. 

Preparation and optimization of both enzyme and ligands 

Three dimensional structure of CXCR4 was downloaded from 

PROTEIN DATA BANK under code 3ODU with x-ray 

resolution equal to 2.5 Å. We note that the CXCR4 crystallizes as 

a monomer (Fig. 2) with residues and atoms (Desjardins et al., 

2007; Wu et al., 2010; Wu et al., 2010). Ligands listed in table 2 

were selected from literature (Kraft and Popaj, 2008) and drawn 

using build module implanted in MOE software, and their 

characteristics are shown in table 1.  

Energy and geometry of the enzyme was performed using 

AMBER force filed and Hamiltonian AM1 implanted in MOE 

under default parameters (300K, pH = 7), then the active site was 

identified and isolated using site finder module as shown in 

figures 3.  

 
Figure 2: Simplified model of CXCR4 enzyme under PDB code 

3ODU. 

Docking  

The docking consists into positioning of the ligands in the active 

site in order to establish a favorable conformational binding 

between ligands and the enzyme (Clark and Labute, 2009) using 

dock module implanted in MOE. 

Table 1: Molecular descriptors analysis of 13 ligands using 

MOE software 

L
ig

a
n

d
 

M
W

 

L
o

g
P

 

L
o

g
S

 

T
P

S
A

 

H
-b

o
n

d
s 

d
o

n
o

rs
 

H
-b

an
d

s 

ac
ce

p
to

rs
 

T
o

x
ic

it
y

 

1 294.30 3.62 -5.30 108.71 0 1 NO 

2 258.40 5.41 -6.77 9.23 0 1 NO 

3 240.38 4.61 -5.27 36.30 0 1 NO 

4 256.34 3.09 -4.15 52.60 0 2 NO 
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5 284.43 4.34 -4.54 35.53 0 2 NO 

6 268.39 4.34 -4.64 35.53 0 2 NO 

7 268.39 3.73 -3.31 35.53 0 2 NO 

8 270.36 3.09 -4.15 52.60 0 2 NO 

9 250.37 3.77 -4.19 18.46 0 2 NO 

10 196.33 3.76 -4.80 17.07 0 1 NO 

11 208.34 4.15 -5.31 17.07 0 1 NO 

12 220.36 4.29 -4.91 17.07 0 1 NO 

13 206.33 3.90 -4.40 17.07 0 1 NO 

MW: Molecular weight (g/mol), TPSA: Polar surface area (Å2), 

logP: Octanol-water partition coefficient, logS: aqueous 

solubility, H- bonds donors: Number of H- bonds donors, H- 

bonds acceptors: Number of H- bonds acceptors. 

 

Tableau 2: List of ligands 
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Tableau 3: Physico-chemical properties of odorant ligands 

Ligants IUPAC Name 
Pubchem 

CID 

Molar mass 

(g/mol) 
formula 
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L1 1-(4-tert-butyl-2,6-dimethyl-3,5-dinitrophenyl)ethanone 6669 294.30 C14H18N2O5 

L2 4,6,6,7,8,8-hexamethyl-1,3,4,7-tetrahydrocyclopenta[g]isochromene 91497 258.40 C18H26O 

L3 oxacyclohexadecan-2-one 235414 240.38 C15H28O2 

L4 1-(3,3-dimethylcyclohexyl)ethyl 2-acetyloxyacetate 132530715 256.34 C14H24O4 

L5 2-[1-(3,3-Dimethylcyclohexyl)ethoxy]-2-methylpropyl propionate 16063567 284.43 C17H32O3 

L6 
[2-[(E)-3,5-dimethylhex-3-en-2-yl]oxy-2-methylpropyl] 

cyclopropanecarboxylate 
11277198 268.39 C16H28O3 

L7 2-methyl-2-((1,2,4-trimethyl-2-penten-1-yl)oxy)propyl ester 11277198 268.39 C16H28O3 

L8 3-O-[1-(3,3-dimethylcyclohexyl)ethyl] 1-O-ethyl propanedioate 57759198 270.36 C15H26O4 

L9 
7,7,8,9,9-pentamethyl-4,4a,5,6,8,9b-

hexahydrocyclopenta[h][1,3]benzodioxine 
15552386 250.37 C16H26O2 

L10 5-tert-butyl-7-methylocta-3,5-dien-2-ol 71424975 196.33 C13H24O 

L11 5-tert-butyl-7,7-dimethylocta-3,5-dien-2-one 71424970 208.34 C14H24O 

L12 
(3’E)-1-[4’,4’-Dimethylcyclohex-1’-enyl-3’-(2’’,2’’-

dimethylpropylidene)] ethanone 
/ 220.36 C15H27O 

L13 
(3’E)-1-[4’,4’-Dimethyl-3’-(2’’-methylpropylidene)cyclohex-1’-enyl]- 

ethanone 
/ 206.33 C14H15O 

 

Results and Discussion  

 

The results obtained are ranked in descending order in Table 4. 

The structure of the molecules plays an important role in the 

positioning of the odorant ligands in the active site of the enzyme. 

It can be concluded that the introduction of bulky groups causes a 

rearrangement of conformation within the cavity of the active 

site, which will probably be the complementarity and therefore 

the activity. The two-dimensional molecular method of the screen 

has been attributed to the MOE software, designed to visualize 

the active sites of the complex (protein-ligand). The ligand is 

prepared and manufactured with an improved 2D representation 

layout algorithm, and a version of the protein residues is arranged 

around it to indicate the spatial proximity of the links (Clark and 

Labute, 2009). If there are multiple channels in the system, 

positions are preceded by letters of the alphabet. Interactions 

between 2.5 Å and 3.1 Å are considered high and those between 

3.1Å and 3.55Å are average. The interactions greater than 3.55Å 

are weak (Ritchie and Kemp, 2000). 

 

Figure 3: Isolated active site of CXCR4 enzyme. 

The enzyme - L7 complex (Fig 4) interacts with amino acids, 

[GLU 288 (A) H-acceptor], [TRP 94 (A) Pi-H], at a distance of 

3.16 Å, and 4.04 Å, respectively for the 1st mean interaction and 

2nd weak interaction, suggesting that L7 ligand may be the best 

inhibitor of CXCR4 (Yamaguchi et al., 2014). 

 

 
Figure 4: Diagram interaction of CXCR4 + L7. 

https://pubchem.ncbi.nlm.nih.gov/compound/6669
https://pubchem.ncbi.nlm.nih.gov/search/#query=C14H18N2O5
https://pubchem.ncbi.nlm.nih.gov/compound/91497
https://pubchem.ncbi.nlm.nih.gov/search/#query=C18H26O
https://pubchem.ncbi.nlm.nih.gov/compound/235414
https://pubchem.ncbi.nlm.nih.gov/search/#query=C15H28O2
https://pubchem.ncbi.nlm.nih.gov/compound/132530715
https://pubchem.ncbi.nlm.nih.gov/search/#query=C14H24O4
https://pubchem.ncbi.nlm.nih.gov/compound/11277198
https://pubchem.ncbi.nlm.nih.gov/search/#query=C16H28O3
https://pubchem.ncbi.nlm.nih.gov/compound/11277198
https://pubchem.ncbi.nlm.nih.gov/search/#query=C16H28O3
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For the enzyme-ligand complexes L12 and L11 (Fig 5, 6), we did 

not find any bonding for the two complexes formed; but the only 

possible forces are electric (Glu 288 and Cys 186), with total 

energies for the complexes -4.9191 Kcal/mol; -5.0816 Kcal/mol, 

respectively, which are low compared with the others (Table 4). 

For the other complexes formed, the bonds and types of bonds 

formed with amino acids are summarized and inserted in Table 4. 

The results revealed that the ligand L7 would be the best odor, 

which was confirmed by their weakest energies -6.5731 Kcal / 

mol.  

 

Figure 5: Diagram interaction of CXCR4+ L12. 

 
Figure 6: Diagram interaction of CXCR4+ L11.

Table 4: Results of score Enzyme – ligands 

Compose Score RMSD Distance 
Energy of the 

distance (Kcal/mol) 

Type of 

interaction 

Amino 

acid bond 

Type of 

bond 

Ref - 

ligand 
-6.4566 6.0116 

3.28 

3.81 

-1.9 

-1.4 

Mean 

Absent 

Glu 288 

Cys 186 

H-acceptor 

H-donor 

L9 -4.2717 2.9242 
3.13 

4.03 

-1.2 

-0.6 

Mean 

Absent 

Glu 288 

Trp 94 

H-acceptor 

Pi- H 

L12 -4.7634 2.8529 

3.01 

4.09 

4.11 

-1.5 

-0.8 

-0.7 

Strong 

Absent 

Absent 

Glu 288 

Trp 94 

Trp 94 

H-acceptor 

Pi- H 

Pi- H 

L2 -4.7666 1.4525 4.06 -0.8 Absent Glu 288 Pi- H 

L10 -4.9191 2.0776 / / / 
Glu 288 

Cys 186 

Force 

electric 

L3 -4.9551 2.4397 4.07 -0.8 Absent Trp 94 Pi- H 

L13 -4.9996 1.1229 
2.80 

4.22 

-4.9 

-0.6 

Strong 

Absent 

Glu 288 

Trp 94 

Pi- H 

Pi- H 

L11 -5.0816 1.0065 / / / Glu 288 electric 
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Cys 186 Force 

L5 -5.4131 1.7104 3.86 -0.9 Absent His 113 Pi- H 

L8 -5.5317 1.6436 

2.79 

4.03 

4.00 

-2.6 

-0.8 

-0.7 

Strong 

Absent 

Absent 

Glu 288 

Trp 94 

Trp 94 

H-acceptor 

Pi- H 

Pi- H 

L1 -5.5758 1.2898 3.05 -1.6 Strong Glu 288 H-acceptor 

L6 -5.6162 1.6605 

2.92 

3.99 

3.99 

-1.2 

-0.7 

-0.9 

Strong 

Absent 

Absent 

Glu 288 

Trp 94 

Trp 94 

H-acceptor 

Pi- H 

Pi- H 

L4 -5.6403 2.1331 
3.90 

4.00 

-0.8 

-0.7 

Absent 

Absent 

His 113 

Trp 94 

Pi- H 

Pi- H 

L7 -6.5731 2.0822 
3.16 

4.04 

-1.3 

-0.6 

Mean 

Absent 

Glu 288 

Trp 94 

H-acceptor 

Pi- H 

 

For the CXCR4 + L9 complex (Fig 7): the ligand interacts with 

the amino acids [Glu 288 (H-acceptor), Trp 94 (Pi- H)] at 

distances of 3.13 Å, and 4.03Å respectively. 

For the CXCR4 + L2 complex (Fig 8): the ligand interacts with 

the amino acid [Glu 288 (Pi- H)] at a distance of 4.06 Å. 

For the CXCR4 + L10 complex (Fig 9): the ligand interacts with 

the amino acids [Glu 288 (H-acceptor), Trp 94 (Pi- H)] at a Force 

electric. 

For the CXCR4 + L3 complex (Fig 11): the ligand interacts with 

the amino acid [Trp 94 (Pi- H)] at a distance of 4.07 Å. 

For the CXCR4 + L13 complex (Fig 11): the ligand interacts with 

the amino acids [Glu 288 (Pi- H), Trp 94 (Pi- H)] at distances of 

2.80 Å, and 4.22Å respectively. 

For the CXCR4 + L5 complex (Fig 12): the ligand interacts with 

the amino acid [His 113 (Pi- H at a distance of 3.86 Å. 

For the CXCR4 + L8 complex (Fig 13): the ligand interacts with 

the amino acids [Glu 288 (H-acceptor), Trp 94 (Pi- H), Trp 94 

(Pi- H)] at distances of 2.79 Å, 4.03Å, and 4.00 Å respectively.  

For the CXCR4 + L1 complex (Fig 14): the ligand interacts with 

the amino acid [Glu 288 (H-acceptor)] at a distance of 3.05 Å. 

For the CXCR4 + L6 complex (Fig 15): the ligand interacts with 

the amino acids [Glu 288 (H-acceptor), Trp 94 (Pi- H), Trp 94 

(Pi- H)] at distances of 2.92 Å, 3.99Å, and 3.99 Å respectively. 

For the CXCR4 + L4 complex (Fig 16): the ligand interacts with 

the amino acids [His 113 (Pi- H), Trp 94 (Pi- H)] at distances of 

3.90 Å, and 4.00Å respectively. 

 

 
Figure 7: Diagram interaction of CXCR4 + L9. 
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Figure 8: Diagram interaction of CXCR4 + L2 

 
Figure 9: Diagram interaction of CXCR4+ L10. 

 

 
Figure 10: Diagram interaction of CXCR4 + L3 

 
Figure 11: Diagram interaction of CXCR4+ L13. 
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Figure 12: Diagram interaction of CXCR4 + L5 

 
Figure 13: Diagram interaction of CXCR4 + L8 

 

 
Figure 14: Diagram interaction of CXCR4 + L1 

 
Figure 15: Diagram interaction of CXCR4 + L6 
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Figure 16: Diagram interaction of CXCR4 + L4. 

Conclusion:  

In this work, we studied the interaction of the olfactory enzyme 

by molecular docking. The results obtained allow us to conclude 

that the ligand L7 is the most stable one and may be the best 

inhibitor of CXCR4 in order to find the best odor. 
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