
International Journal of Scientific & Engineering Research Volume 9, Issue 6, June-2018                                                                        271 
ISSN 2229-5518  

IJSER © 2018 
http://www.ijser.org  

Binding Energy Prediction and Molecular 
Docking Studies of Falcarindiol and its 

Monosubstituted Analogues Against 
Aspergillus fumigatus Chitinase; The In 

Silico Pharmacokinetics 
O.A Durojaye (lanre.durojaye@yahoo.com), P.S Ajuluchukwu (pajuluchuku@yahoo.com), S. 

Cosmas (Cos242@yahoo.com), Robert Igomu (igomur@yahoo.com), I.U Okagu 
(okagu.innocent@yahoo.com), S. B Sani (shaddysani@gmail.com).  

Abstract 

Background: Aspergillus fumigatus is the most common causative agent of invasive fungal 
infection in immunosuppressed individuals. These include patients receiving immunosuppressive 
therapy for autoimmune or neoplastic disease, organ transplant recipients, and AIDS patients. A. 
fumigatus is the primary cause of invasive infection in the lungs and represents a major cause of 
morbidity and mortality in infected individuals.  Additionally, A. fumigatus can cause chronic 
pulmonary infections, allergic bronchopulmonary aspergillosis, or allergic disease in 
immunocompetent hosts. Falcarindiol is a polyacetylene found in carrot roots which 
has antifungal activity. 

Materials and Methods: A molecular docking study was carried out on ten analogous 
structurally diverse falcarindiol against Aspergillus fumigatus chitinase using the Autodock Vina 
software. Extensive structure activity relationship study was also carried out with these 
molecules.  The physicochemical analysis, lipophilicity, solubility, pharmacokinetics and 
Lipinski druglikeness of falcarindiol and its analogues were evaluated. These molecules were 
designed by substituting one of the OH functional groups of the falcarindiol with C=O, C2H5, 
CH3, CHO, COOH, C3H6O2, C4H8O2, NH2, OCH3 and C3H6O groups. The scoring function 
(empirical binding free energy) was used to estimate the inhibitory activity of the protein-ligand 
complex. 

Results:  The binding energy of falcarindiol was -6.2Kcal/mol, while the free binding energies 
of the C=O, C2H5, CH3, CHO, COOH, C3H6O2, C4H8O2, NH2, OCH3 and C3H6O  
analogues of falcarindiol were -8.7, -6.5, -7.4, -7.8, -6.9, -8.5, -6.5, -7.0, -7.6 and -7.9Kcal/mol 
respectively. All the monosubstituted analogues of falcarindiol showed lower values than the non 
substituted falcarindiol. These lower values (more negative values), means that they show better 
antifungal activity than falcarindiol.  

Conclusion: These results clearly indicated that the new substituents may be better antifungal 
agents. Synthesis and pre-clinical studies of these monosubstituted derivatives with Aspergillus 
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fumigatus chitinase is recommended in order to confirm their new potentials as better antifungal 
agent than the unsubstituted analogue. 

Keywords: Docking; Falcarindiol; Aspergillus fumigatus chitinase; Pharmacokinetics; 
Lipophilicity. 

 

 

Introduction 

Aspergillosis is the name given to a wide variety of diseases caused by infection by fungi of the 
genus Aspergillus. Most of the cases occur in people with underlying illnesses such 
as tuberculosis [14] or chronic obstructive pulmonary disease (COPD), but with otherwise 
healthy immune systems [35]. Aspergillosis ofteh occurs in the form of chronic pulmonary 
aspergillosis (CPA), aspergilloma or allergic bronchopulmonary aspergillosis (ABPA) [19].  

Drugs such as amphotericin B, caspofungin (in combination therapy only), flucytosine (in 
combination therapy only), or itraconazole [9, 21], are used to treat this fungal infection. 
However, a growing proportion of infections are resistant to the triazoles [13]. A. fumigatus, the 
most commonly infecting species, is intrinsically resistant to fluconazole [32].  

Falcarindiol is the main compound responsible for bitterness in carrots and is reported to be part 
of the plant’s defence against fungal infections [10, 16]. Falcarindiol and other falcarindiol-type 
polyacetylenes are also found in many other plants of the Apiaceae family, including some 
commonly used seasonings such as dill and parsley [6]. Falcarindiol also have been shown to be 
more abundant in the upper and outer parts of the root [3, 10, 17].  A variety of bioactivities have 
been reported so far for falcaridiol and the falcarindiol-type polyacetylenes [24, 38, 40], and 
because of potential health-promoting metabolic effects these compounds are studied as potential 
nutraceuticals [5]. 

Chitinases are enzymes that cleave the bond between the C1 and C4 of two consecutive N-
acetylglucosamines of chitin. Chitinases have been found in microorganisms, plants and animal 
tissues [20]. These enzymes have been shown to have a variety of functions.  

As one of the most ubiquitous of the airborne saprophytic fungi, Aspergillus fumigatus has been 
shown to be an opportunistic pathogen causing pneumonia and other fatal invasive infections in 
immunocompromised hosts, particularly among patients undergoing cytotoxin chemotherapy or 
bone marrow transplantation [4, 8, 27]. There has been a dramatic increase in severe and usually 
fatal invasive aspergillosis caused by A. fumigatus as this organism is also known to secret 
extracellular chitinases [15, 31]. 

In this study, the In-Silico Structure-Activity Relationship and molecular docking study was 
directed at investigating the inhibitory effect of falcarindiol and its monosubstituted analogues on 
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the structure and function of Aspergillus fumigatus chitinase, by predicting the binding energies 
and various pharmacokinetics parameters necessary for computational drug design. 

 

 

 

Materials and Methods  

Protein preparation  

The crystal structure of Aspergillus fumigatus chitinase, was obtained from the Protein Data 
Bank, PDB 2A3B (Figure 23). The protein structure was subjected to a refinement protocol using 
the Pymol viewer [12].  

Designing of 6-Gingerol structural analogues  

The structure of Falcarindiol (Figure 1) was drawn with the Marvin Sketch software [36]. The 
structural analogues of falcarindiol were developed with structural modifications and different 
substituents [29]. The first OH functional group of falcarindiol was replaced with C=O, C2H5, 
CH3, CHO, COOH, C3H6O2, C4H8O2, NH2, OCH3 and C3H6O groups. The structures were 
built with the Marvin Sketch software and minimized using the Chimera software [33].  

Molecular docking  

Molecular docking was performed using the AutoDock Vina Software [37]. Physicochemical, 
lipophilicity, solubility, pharmacokinetics and Lipinski druglikeness of falcarindiol and its 
analogues were determined using SwissADME Server [11]. 

Physiological–biochemical characterization 

The Expasy Protparam server [22] was used for the physicochemical characterization and to 
know the molecular weight, theoretical isoelectric point (pI), total number of negative and 
positive residues, aliphatic index, extinction coefficient, instability index, and grand average 
hydropathicity (GRAVY) of this TIM protein [18]. 

Results 

Structural formula 
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Figure 1: Falcarindiol structural formula. 

 

Figure 2: C=O analogue of falcarindiol 

 

Figure 3: C2H5 analogue of falcarindiol 

 

Figure 4: CH3 analogue of falcarindiol 

 

Figure 5: CHO analogue of falcarindiol 
 

Figure 6: COOH analogue of falcarindiol 

 

Figure 7: C3H6O2 analogue of falcarindiol  

Figure 8: C4H8O2 analogue of falcarindiol 
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Figure 9: NH2 analogue of falcarindiol 
 

Figure 10: OCH3 analogue of falcarindiol 

 

Figure 11: C3H6O analogue of falcarindiol 

 

Docking results 

 

Figure 12: Falcarindiol in complex with A. fumigatus chitinase. 

 
Figure 13: C=O analogue of falcarindiol in complex with A. 
fumigatus chitinase. 
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Figure 14: C2H5 analogue of falcarindiol in complex with A. 
fumigatus chitinase. 

 

Figure 15: CH3 analogue of falcarindiol in complex with A. 
fumigatus chitinase. 

 

Figure 16: CHO analogue of falcarindiol in complex with A. fumigatus chitinase. 

 

Figure 17: COOH analogue of falcarindiol in complex with A. 
fumigatus chitinase. 

 

Figure 18: C3H6O2 analogue of falcarindiol in complex with A. 
fumigatus chitinase. 

 

Figure 19: C4H8O2 analogue of falcarindiol in complex with A. fumigatus chitinase. 
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Figure 22: C3H6O analogue of falcarindiol in complex with A. fumigatus chitinase. 

 

Figure 23: Crystal structure of the A. fumigatus chitinase PDB 2A3B

Table 1: Physicochemical, lipophilicity, solubility, pharmacokinetics and Lipinski druglikeness of falcarindiol and its 
monosubstituted analogues 

Paramete
rs 

Falcar
indiol 

C=O 
analo
gue of 
Falca
rindi
ol 

C2H5 
analog
ue of 
Falcari
ndiol 

CH3 
analog
ue of 
Falcari
ndiol 

CHO 
analog
ue of 
Falcari
ndiol 

COOH 
analog
ue of 
Falcari
ndiol 

C3H6
O2 
analog
ue of 
Falcari
ndiol 

C4H8
O2 
analog
ue of 
Falcari
ndiol 

NH2 
analog
ue of 
Falcari
ndiol 

OCH3 
analog
ue of 
Falcari
ndiol 

C3H6
O 
analog
ue of 
Falcari
ndiol 

Formula C17H
24O2 

C18H
24O2 

C19H2
8O 

C18H2
6O 

C18H2
4O2 

C18H2
4O3 

C21H3
0O3 

C22H3
2O3 

C17H2
5NO 

C18H2
6O2 

C20H2
8O2 

Molecular 
weight 
g/mol 

260.37 272.3
8 

272.43 258.40 272.38 288.38 330.46 344.49 259.39 274.40 300.44 

Docking 
score 
Kcal/mol 

-6.2 -8.7 -6.5 -7.4 -7.8 -6.9 -8.5 -6.5 -7.0 -7.6 -7.9 

Num. H-
Bond 
acceptors 

2 2 1 1 2 3 3 3 2 2 2 

Num. H-
Bond 

2 1 1 1 1 2 1 1 2 1 1 
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donors 

Molar 
Refractivit
y 

81.53 85.38 89.98 85.18 85.38 86.95 100.88 105.69 83.08 86.26 94.99 

Lipophilic
ity 
Consensus 
Log Po/w 

3.81 4.10 5.23 4.90 4.10 3.93 4.93 5.17 3.70 4.29 4.64 

Water 
Solubility 
Class 

Solubl
e 

Mode
rately 
Solub
le 

Soluble Soluble Modera
tely 
Soluble 

Modera
tely 
Soluble 

Soluble Modera
tely 
Soluble 

Soluble Modera
tely 
Soluble 

Modera
tely 
Soluble 

GI 
absorption 

High High High High High High High High High High High 

BBB 
permeant 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

P-gp 
substrate 

No No Yes Yes No No Yes Yes Yes Yes Yes 

CYP1A2 
inhibitor 

No No No No No No Yes Yes No No Yes 

CYP2C19 
inhibitor 

No No No No No No Yes Yes No No No 

CYP2C9 
inhibitor 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

CYP2D6 
inhibitor 

No No No No No No Yes Yes No Yes Yes 

CYP3A4 
inhibitor 

No No No No No No No No No No Yes 

Lipinski 
Drugliken
ess 

Yes; 0 
Violati
on 

Yes; 0 
Violat
ion 

Yes; 1 
Violati
on 

Yes; 1 
Violati
on 

Yes; 0 
Violati
on 

Yes; 0 
Violati
on 

Yes; 0 
Violati
on 

Yes; 1 
Violati
on 

Yes; 0 
Violati
on 

Yes; 0 
Violati
on 

Yes; 0 
Violati
on 

Synthetic 
accessibili
ty 

4.65 4.76 4.99 4.72 4.76 4.76 4.81 4.90 4.58 4.76 4.98 

 

Discussion 

The pI of the A. fumigatus chitinase by the biochemical characterization analysis has predicted 
the protein to be slightly acidic with a value of 5.03 [34]. The hydrophobicity scale produced 
values that define relative hydrophobicity of amino acid residues. The more positive the value, 
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the more hydrophobic the amino acids located in that region of the protein [26]. The GRAVY 
calculator used in predicting the hydrophobicity assigned to the protein a value of -0.334.  

The instability index provides an estimate of the stability of a protein in a test tube. A protein 
whose instability index is smaller than 40 is predicted as stable and a value above 40 predicts the 
protein may be unstable [26]. The A. fumigatus chitinase is therefore a stable protein with an 
instability value of 30.90.   
 A. fumigatus chitinase contains 378 amino acid residues. The docking structures of all the 
compounds showed that they bind in a very similar pattern with the active site of A. fumigatus 
chitinase, as is evident from the superposition of the falcarindiol and all its 10 analogues in 
Figures 12-22. The interaction between falcarindiol and the different monosubstituted analogues 
with A. fumigatus chitinase shows steric interactions with the amino acid residues. The 
calculated free energy of binding of the falcarindiol and its analogues were -6.2, -8.7, -6.5, -7.4, -
7.8, -6.9, -8.5, -6.5, -7.0, -7.6 and -7.9Kcal/mol respectively (Table 1). This confirms that the 
structural modification implemented in this study is significantly related to their activity [25, 30]. 
Also, this proved the reliability of the docking results [39].  
The solubility of a compound in water could improve its biotransformation and elimination as a 
drug [24]. Falcarindiol and all the substituted analogues were soluble in water (Table 1).  

The molecular weight of all the substituted derivatives including falcarindiol were less than 
500g/mol, showing that they can be considered as drug [2]. A compound can also be considered 
drug-like if it is characterized by high lipophilicity (less than 5) [1]. This is expressed as Log 
Po/w. The lipophilicity values of falcarindiol and all the other monosubstituted compounds 
except the C2H5 (5.23) and C4H8O2 (5.17) analogues are less than 5 and are most likely to be 
drugs.  

Lipinski’s rule of 5 [28] helps in distinguishing between drug-like and non drug-like molecules. 
It predicts high probability of success or failure due to drug likeness for molecules complying 
with 2 or more of the following rules: Molecular mass less than 500g/mol; High lipophilicity 
(expressed as Log Po/w less than 5); Less than 5 hydrogen bond donors; Less than 10 hydrogen 
bond acceptors; Molar refractivity should be between 40-130. These filters help in early 
preclinical development and could help avoid costly late-stage preclinical and clinical failures 
[23]. Falcarindiol and all the monosubstituted analogues complied with a minimum of two of the 
Lipinski’s rule and therefore are likely to be drugs (Table 1).  

High penetration is needed for most of the drugs targeting the central nervous system (CNS), 
whereas blood brain barrier (BBB) penetration should be minimized for non-CNS drugs to avoid 
undesired side-effects [7]. Pharmacokinetically, the gastrointestinal drug absorption of 
falcarindiol and all the substituents was high and could cross the blood brain barrier (BBB). This 
calls for caution in the administration of the drugs to minimize side effects due to the penetration 
of the blood brain barrier.  
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For synthetic accessibility, values of 5 to10 means that the drug could be synthesized [23]. 
Falcarindiol and all it analogues showed values less than 5. This means that the compounds can 
easily be synthesized in the laboratory. Synthetic studies followed by pre- clinical studies are 
further recommended.  

Conclusion  

We carried out an In-Silico Structure Activity Relationship and molecular docking study on 
Aspergillus fumigatus chitinase, using falcarindiol and ten of its structurally diverse analogues as 
the experimental compounds. The results obtained indicated that all the analogues may have a 
better functional activity having shown a higher binding energy value and exhibited a higher 
level of specificity and affinity with the target enzyme. The C2H5 and C4H8O2 analogues did 
not satisfy the conditions of lipophilicity required for a drug-like compound and as such, should 
be excluded from this list.  

Falcariondiol and all its analogues could pose a threat to the Central Nervous System (CNS) as 
they can penetrate the blood brain barrier. Caution should therefore be taken in the 
administration of these drugs in order to avoid undesirable side effects. 

Synthesis and pre-clinical studies of these monosubstituted derivatives of falcarindiol with 
Aspergillus fumigatus chitinase is recommended. 

Abbreviations: PDB: Protein Data Bank; BBB: Blood Brain Barrier; CNS: Central Nervous 
System; COPD: Chronic Obstructive Pulmonary Disease; CPA: Chronic Pulmonary 
Aspergillosis; ABPA:  Allergic Bronchopulmonary Aspergillosis; pI: Isoelectric Point. 
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