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ABSTRACT

Objective: Inonotus spp., the mushroom is widely present and known for its medicinal property. This mushroom produces several bioactive compounds
with various pharmaceutical uses. In the present study, about 8 biologically active compounds from Inonotus spp., were analyzed for its drug likeliness
based on Lipinski’s rule of five and inhibitor property against the cyclooxygenase (COX-2) enzyme, a protein responsible for inflammation.

Methods: The compounds which satisfy the Lipinski’s rule namely inotilone, 4-(3,4-dihydroxyphenyl)butanone, and hispidin were subjected to

docking experiments using AutoDock 4.2.

Results: Molecular docking studies revealed that inotilone, hispidin, and 4-(3,4-dihydroxyphenyl) butanone bind effectively to the active site region

of COX-2 with a binding energy of -6.73, -7.78, and -5.63, respectively.

Conclusion: The in silico studies on compounds reported from Inonotus sp., were found to possess potential medicinal value with anti-inflammatory
properties and this provides potential insight to develop new COX-2 inhibitors.
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INTRODUCTION

Fungi are organisms inhabited by all ecological niches of the earth
and utilize various substrates as a consequence of their diverse
biological and biochemical evolution [1]. The fungal kingdom consists
of many species characterized by unique and unusual biosynthetic
pathways [2]. Important secondary metabolites are produced by these
fungi which are useful in agricultural, pharmaceutical, and industrial
sectors [3]. Inonotus spp., is a black parasitic fungus belonging to the
family of basidiomycetes with its recognized potential as a source of
pharmaceuticals and its biotechnological utility [4]. Experimental
studies on Inonotus spp., show that it produces a wide variety of
secondary metabolites such as polyphenolic compounds, triterpenoids,
steroids, trametenolic acids, ergosterol peroxide, melanins, etc., [5-7].
These compounds were shown to exhibit anti-tumor, antioxidant,
hypoglycemi, and hepatoprotective activities [8]. Extraction of Inonotus
spp., with ethanol and CHCl,: MeOH produces inonotic acid, inotilone,
(E)-4-(3,4-dihydroxyphenyl)but-3en-2-one, hispidin, iso-hispidin, etc.,
which were found to possess anti-inflammatory activity [9].

Cyclooxygenase (COX)-1 and COX-2 enzymes play an important role
in the production of prostaglandins [10]. The COX-1 enzyme helps in
protecting the stomach from acids and digestive chemicals, whereas
COX-2 enzyme is responsible for inflammation by binding to arachidonic
acid [11]. Nonsteroidal anti-inflammatory drugs (NSAIDs) inhibits COX-
2 enzyme, but produces a wide range of side effects ranging from pain,
nausea, indigestion, and lack of thrombotic activity [12]. The drug-

likeness of compounds can be predicted by Lipinski’s rule of five which
refers to the similarity of compounds to oral drugs. The molecular
docking process predicts ligand confirmation and orientation within
their targeted binding site which holds great promise in the field
of computer-based drug design [13]. In silico, docking studies on
secondary metabolite from Trichoderma spp., against the skin cancer
protein showed that the compounds heptadecanoic acid, 16 methyl,
methyl ester were found to be better inhibitors of cancer protein than
the standard drug dyclonine [14]. Diketopiperazine produced by the
endophytic fungi Penicillium spp., were found to be potent inhibitors of
cancer chaperone Hsp90 by in silico docking approaches [15].

In the present study, we have studied the drug-likeness of secondary
metabolites from the fungus Inonotus spp., using Lipinski’s rule of five
and the binding mechanism of the compounds with COX-2 enzymes
using molecular docking studies.

METHODS

Compounds from Inonotus spp.

Thefollowingcompoundsfrom/nonotussp.,are(1)Inotilone,(2) Hispidin,
(3) 4-(3,4-dihydroxyphenyl) butanone, (4) Retinol (O-acetyl-all-trans-),
(5) Henecoisane, (6) Hexatriacontane, (7) Docosane, (8) Hexadeconic
acid were subjected to docking experiments [16]. The structures and
the physiochemical properties of these compounds were taken from
the PubChem database (www. ncbi. nlm.nih.gov/pubchem) which is
shown in Table 1. Lipinski’s rule of five parameters such as molecular

Table 1: Lipinski’s properties of the compounds from Inonotus spp.,

Serial number Compound

Molecular weight (<500 Da) LogP (<5) H-bond donor (5) H-bond acceptor (<10)

1 Inotilone 218.21
2 Hispidin 246.22
3 4-(3,4-dihydroxyphenyl) butanone 180.2
4 Retinol (O-acetyl-all-trans-) 328.5
5 Henecoisane 296.6
6 Hexatriacontane 506.9
7 Docosane 310.6
8 Hexadeconic acid 256.42

1.8 2 4
1.7 3 5
-0.4 2 3
6.3 0 2
11 0 0
19.1 0 0
11.5 0 0
6.4 1 2
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weight, log P, and number of hydrogen bond donors and number of
hydrogen bond acceptors were taken from the PubChem database for
the Inonotus spp., derived compounds.

COX-2 enzyme protein structure

The three-dimensional (3D) structure of the COX-2 enzyme was taken
from the Protein Data Bank (PDB) database (www.rcsb.pdb) is given
in Fig. 1.

The PDB acts as a repository for the 3D structural data of large
biological macromolecules such as proteins and nucleic acids. The
PDB ID of COX- 2 enzyme is 6COX, which is a complex of COX-2 enzyme
with selective inhibitor compound SC-558. The active site region of the
COX-2 enzyme is given in Fig. 2. The docking process was performed
using AutoDock 4.2. The pdb coordinates of the protein and the ligand
were submitted to AutoDock 4.2. The binding energy and the binding
contacts of each ligand were obtained. Analysis of the docked complexes
was done using Discovery Studio 3.1 visualizer.

Docking studies - AutoDock 4.2

Molecular docking studies were performed for the selected compounds
with COX-2 enzyme by an automated docking tool, AutoDock 4.2. Which
works by Lamarckian Genetic Algorithm. The precise interaction of
bioactive agents or candidate molecules with their targets is important
in the drug development process. AutoDock combines two methods to
achieve these goals Rapid grid-based energy evaluation and efficient
search of torsional freedom.

Fig. 1: Cyclooxygenase-2 (COX-2) (Prostaglandin Synthase-2) in
complex with a COX-2 selective inhibitor

Fig. 2: Cyclooxygenase-2 (COX-2) enzyme in complex with
selective inhibitor SC-558 showing the active site region of COX-2
enzyme
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Discovery studio visualizer 3.1

Discovery studio visualizer developed by Accelrys is a free, molecular
modeling environment, for both small molecule, and macromolecule
applications. It generates 2D receptor-ligand interaction plots and
analyzes the ligand binding patterns between a protein and its bound
ligands.

RESULTS

In silico, studies on compounds from Inonotus spp., using AutoDock 4.2
showed the following results. Molecular weight, Log P, Number of H
bond donor, and H bond acceptor are tabulated in Table 1. Compounds
which obey Lipinski’s rule of five are alone subjected to docking
experiment. Of the 8 compounds studied, Inotilone, Hispidin, and
4-(3,4-dihydroxyphenyl) butanone satisfy Lipinski’'s rule of five for
drug-likeness. The results are shown in Table 1. The other compounds
(4-8 in table) which do not follow the Lipinski’s properties were not
considered for further docking studies. The structures of drug-likeness
compounds from /nonotus spp., are shown in Fig. 3

The binding energy for each chosen compound with the COX-2
enzyme using AutoDock 4.2 is given in Table 2. Docking studies show
that the ligands bind to the active site region of COX-2 enzyme with
good binding energy in the same hydrophobic pocket. The docking
models of the selected compounds (1) Inotilone, (2) Hispidin,
(3) 4-(3, 4-dihydroxyphenyl) butanone in 3D view are shown in
Figs. 4-6. The hydrogen contacts of the ligands are given in Table 3.

DISCUSSION

Cyclooxygenase enzyme plays a key role in the conversion of
arachidonic acid to prostaglandins [17]. Prostaglandins regulate
pathological processes such as inflammatory and cardiovascular
responses [18]. COX-1, a constitutive enzyme is present in mammalian
cells and COX-2, an inducible enzyme is found in inflammatory

1)Inotilone 2)Hispidin 3)4-(3,4-dihydroxyphenyl) butanone
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Fig. 3: The structures of compounds (1) Inotilone, (2) Hispidin,
(3) 4-(3,4-dihydroxyphenyl) butanone obtained from PubChem
database

Table 2: Dock scores of the compounds

Serial number  Compound Dock score
1 Inotilone -6.73
2 Hispidin -7.78
3 4-(3,4-dihydroxyphenyl) butanone  -5.63

Table 3: Hydrogen contacts of the ligands

Serial Compounds Hydrogen contacts
number
1 Inotilone His 90, Leu 352, Ser 530
2 Hispidin His 90, Leu 352, Ser 353,
Trp 387, Gly 526.
3 4-(3,4-dihydroxyphenyl) His 90, Leu 352, Ser 353
butanone
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Fig. 4: Docking complex of COX-2 enzyme (PDB ID: 6COX) with
Inotilone

Fig. 5: Docking complex of COX-2 enzyme (PDB ID: 6COX) with
Hispidin

Fig. 6: Docking complex of COX-2 enzyme (PDB ID: 6 COX) with
4-(3,4-dihydroxyphenyl) butanone

sites [19]. Thus, suppressing levels of COX-2 will be an effective method
for inhibiting inflammation. Currently, NSAID used widely to control
inflammation, and it has been estimated that 30-60% of NSAID users
have gastrointestinal side effects and abdominal discomfort [20]. The
current study focuses on the in silico investigation of natural compounds
from the medicinal mushroom Inonotus spp., for anti-inflammatory
property to avoid any undesirable side effects. The results of docking
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studies using AutoDock 4.2 shows that out of 8 compounds only three
compounds satisfying Lipinski’s properties namely inotilone, hispidin,
and 4-(3,4-dihydroxyphenyl) butanone bind in the active site region of
COX-2 enzyme with good binding energies of -6.73, -7.78, and -5.63,
respectively. The strength and the catalytic activity of a binding complex
are predicted by their hydrogen bonds between them [21]. The amino
acid residues with which hydrogen bonds formed are His 90, Leu 352,
Ser 353, Trp 387,and Gly 526. These residues are in the active site region
of COX-2 enzyme. Hispidin binds in the catalytic site with more number
of hydrogen bonds when compared to other compounds under study.
This proves that it has better anti-inflammatory property. Hispidin
analog from the mushroom, Inonotus xeranticus was proved to have
anti-inflammatory property [22]. Inotilone prevents the inflammation-
associated tumorigenesis using a classical two-stage mouse skin
carcinogenesis model which proves its potential to be developed as
an effective chemopreventive agent especially for the treatment of
epithelial skin cancer [23]. 4-(3, 4-dihydroxyphenyl) butanone binds in
the active site of COX-2 but with less hydrogen bonds and modification
of its structure provides better inhibitor of COX-2. Inonotus spp., has
many medicinal functions and the compounds extracted from them
have clinical uses and a detailed study on this is needed. In silico
analysis on these compounds helps us to understand the binding
potential of compounds with the target enzyme. More number of in
silico studies on secondary metabolites from plants against COX-2
enzyme has been done. The anti-inflammatory activity of secondary
metabolites from Cissus quadrangularis were elucidated by molecular
docking approaches [24]. The diverse pharmacological activities of
fungal metabolites are less explored by in silico approaches. Molecular
docking studies of marine-derived fungal secondary metabolites with
Hsp90a cancer protein proves their ability to be used as drug leads
for cancer treatment [25]. From this study, it was concluded that the
active compounds from Inonotus spp., such as Inotilone, Hispidin, and
4-(3,4-dihydroxyphenyl) butanone were more potent COX-2 inhibitors
through comparative analysis in this docking experiment which hold
lots of promise to develop as COX-2 inhibitor.

To conclude with the compounds from the mushroom Inonotus spp.
showed better binding features with the COX-2 enzyme. Thus, these
compounds can be effectively used as drugs for treating inflammation
which is predicted on the basis of docking scores. The insights gained
in this work can be further used in experimental studies for designing
anti-inflammatory drugs with novel targets and mechanism of action.
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