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Chalcone synthase (CHS) is an important enzyme  
belonging to the polyketide synthase (type III) family. 
It is well known for substrate specificity and catalyses 
diverse groups of polyketides of pharmaceutical value. 
In the present study, the structure of the CHS protein 
has been predicted from the medicinal orchid, Coelo-
gyne ovalis Lindl. This is an evergreen orchid, well 
known for its medicinal uses. The homology-based mod-
el was constructed from CHS of C. ovalis (CoCHS) 
and 16 different ligands were used based on the speci-
ficity for molecular docking studies. The four best ligands 
on the basis of greater negative binding energy were 
found to be 3-carbomoyl-picoliniyl CoA, followed by 
carbomoyl-2-napthoyl CoA, p-coumaroyl CoA and 
malonyl CoA. The present structural study reveals 
that CoCHS has signature and catalytic amino acid 
residues, namely Cys165, Asn337, His 306, Phe216 and 
Phe 266. These residues are known to have a broad-
range substrate profile and are responsible for the 
binding of protein ligands. The present study elucidates 
the chemical basis of CHS from C. ovalis by under-
standing the structural and functional relationship. 
This provides an insight for manipulating the enzymes, 
CHS-like for the synthesis of new bioactive compounds, 
which may further enhance the diversity of the poly-
ketide biosynthetic family. 
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CHALCONE synthase (CHS; EC 2.3.1.74) is a limiting  
enzyme of the phenylpropanoid pathway. Two important 
substrates, viz. malonyl-CoA and coumaryl-CoA in the 
presence of CHS lead to the production of downstream 
important bioactive metabolites like flavonoids and antho-
cyanins. These compounds are important constituents of 
pharmaceuticals1,2. The metabolites in plants are well 
known for their natural defence mechanisms and are  
intermediates in the production of many other important 
products3. Due to the diverse structure and various bio-
logical as well as pharmacological properties of second-
ary metabolites, focus has been on the key stimulator 
enzyme CHS, for enhancement and activation of the sec-

ondary metabolites. CHS serves as a starting material for 
a diverse set of metabolites. These metabolites play a signi-
ficant role in flower development, fruit pigmentation, UV 
absorption and as insect repellents and phytoalexins. CHS 
has been reported to be a gatekeeper enzyme of the phe-
nylpropanoid pathway4–6. 
 CHS is known for its wide series of substrate promis-
cuity and catalytic specificity towards a broad range of 
thioesters which are involved in the synthesis of a diverse 
group of medicinally important polyketides7–11. It shows 
a high level of structural similarity with respect to amino 
acid sequence, and catalytic activities of the enzyme stil-
bene synthase. The catalytic sites of CHS protein contain 
conserved amino acid residues, namely cysteine, histidine 
and asparagine in their active sites. These sites are impor-
tant for the functionality of this enzyme. Due to its  
importance, CHS has been extensively studied in several 
plant species like Aquilaria sinensis, Coelogyne ovalis, 
Oryza sativa, Physcomitrella patens, Psilotum nudum, 
etc.12–17. 
 Coelogyne ovalis Lindl., an epiphytic orchid is found 
dispersed in India as well as in Bhutan, Malaysia, Nepal, 
Philippines, Sri Lanka and Southwest Pacific Islands18. In 
India, the plants are mostly found in Assam, Meghalaya, 
Arunachal Pradesh, Sikkim, Kerala and Tamil Naidu. C. 
ovalis is an important medicinal orchid commonly known 
as ‘Jeevanti’. Since ancient times, this plant has been 
used in traditional medicine system by the indigenous 
people of South India. The plant parts of C. ovalis are 
regularly used in the treatment of cough, urinary infection 
and eye disorders19. Many bioactive compounds have 
been reported from C. ovalis and these are known for 
their therapeutic properties. These bioactive compounds 
include coelogin, flavidin, flavidinin and coeloginin20,21. 
The demand for medicinal plants is increasing worldwide 
due to the presence of natural bioactive compounds in 
them, which form an alternative source in modern phar-
macological approaches. 
 In the present study, the 3D structure of CoCHS protein 
(CHS from C. ovalis) has been predicted for molecular 
docking. The obtained CoCHS protein has been docked 
with different ligands. This information can be used for 
the structural alternation of CoCHS protein, and subse-
quently in the exploration of novel polyketide products. 
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Figure 1. Truncated ligands used in the docking study of Coelogyne ovalis chalcone synthase (CoCHS). 
 
Methodology 

Sequence alignment and analysis 

The isolation and characterization of full-length CHS 
gene sequence from C. ovalis has been reported earlier17. 
The obtained nucleotide sequence was verified and depo-
sited at NCBI (accession no. MH796137). The CoCHS 
sequence was translated into the protein sequence and 
analysed using Expasy (http://www.expasy.org/). The ob-
tained amino acid sequence was BLASTp searched to de-
termine the relevant CHS homology. 

Prediction of active sites 

Active site prediction server (http://www.scfbio-iitd.res. 
in/dock/ActiveSite.jsp) was employed to predict the ac-
tive sites of the macromolecule. 

Molecular docking of CoCHS protein 

For molecular docking study, homology-based modelling 
was performed with CoCHS and the template was selected 

on the basis of high level of sequence identity with that of 
the CoCHS protein17. Subsequently, substrate specificity 
and ligand interaction with the CoCHS protein were asse-
ssed using AutoDock 4.1 (Molecular Graphics Laboratory, 
CA, USA). After adjusting the parameters of docking, a 
grid box was drawn around the active site of the enzyme. 
Sixteen different CoA esters ligands used in this study 
were retrieved from PubChem (https://pubchem.ncbi.nlm. 
nih.gov/) and these were manually further truncated (Fig-
ure 1). Ligand-binding plot was constructed using LIGPLOT 
v.4.5.3 (EMBL-EBL). 

Results and discussion 

CHS is a well-studied polyketide synthase (type III)  
enzyme. It is the key rate-limiting enzyme in the pathway 
which catalyses the branch step and initiates the biosyn-
thesis of flavonoid-based compounds. Flavonoids are  
essential bioactive metabolites which encompass a diverse 
collection of valuable compounds, namely chalcones, fla-
vonols, flavones and anthocyanins. These compounds 
have notable antiviral, antioxidant and other useful bio-
logical activities. They also play an important role in the
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Figure 2. Three-dimensional structure of CoCHS protein: (a) homo-dimeric unit and (b) monomeric unit. 
 
 
prevention of cardiovascular diseases, atherosclerotic ar-
teries, etc.22–24. Products of the CHS reaction are essential 
precursors for the production of a large range of novel 
polyketides which have been reported to be valuable as 
pharmaceuticals7,10,25,26. CHS exhibits inclusive substrate 
promiscuity and catalytic specificity and catalyses the  
fabrication of various novel polyketides. Therefore, in 
this study, in silico-based tools were used for understand-
ing the structure of CoCHS protein. 

Prediction of three-dimensional structure of  
CoCHS protein 

The three-dimensional structure of CHS protein from  
C. ovalis was predicted using SWISS-MODEL (http:// 
swissmodel.expasy.org/). The oligo state revealed the 
CoCHS protein to be a homo-dimer consisting of two 
identical subunits (Figure 2 a). Each subunit was found to 
be made up of 394 amino acid residues (Figure 2 b). For 
homology-based modelling, Freesia hybrida CHS protein 
with PDB ID-4WUM was selected as the template for 
predicting the structure of CoCHS protein. The 3D struc-
ture obtained showed high similarity (82.03%) with the 
selected template, indicating its high probability of being 
a CHS protein17. 

Molecular docking analysis of CoCHS 

In the present study, 16 different ligands were used to 
check substrate specificity with the CoCHS protein. Among 
the ligands tested, 3-carbomoyl-picoliniyl displayed a 
more negative binding energy (–8.29) compared to the 
other ligands studied. In 3-carbomoyl-picoliniyl, Asp 306 
and Met 60 were the residues involved in the formation 
of hydrogen bonds with bond length of 2.58 and 2.72 re-
spectively. On the other hand, Phe 216, Phe 266, Cys 
165, Asn 332, Gly 212, Asp 208, Leu 268, Val 211, Ala 

214, Leu 215, Lys 63, Ser 64, Pro 308, Gly 307, Ala 309 
and Asp 306 were the important residues involved in  
hydrophobic interaction with 3-carbomoyl-picoliniyl. 
These amino acid residues are reported to be involved in 
the formation of active sites and might increase the cavity 
of the binding sites27. Subsequently, in the present study 
successive negative binding energy was reported as –7 
for 3-carbomoyl-2-napthoyl CoA, –6.75 for p-coumaroyl 
CoA and –6.25 for malonyl CoA (Table 1). All the ligands 
were bound to suitable binding pockets in CoCHS protein  
(Table 1). It is noteworthy to mention that in the present 
study only the 2D structure of malonyl-CoA was found to 
allow complete ligand–protein interaction with all the 
catalytic residues, including the gatekeeper residues of 
CoCHS protein. 
 The signature amino acid residues vital to CoCHS  
protein were Cys165, Asn337, His 306, Phe216 and Phe 
266. The other important residues were Glu193, Ile255, 
Phe216, Phe266, Pro376, Ser134, Ser339, Thr133, Thr195 
and Thr198 (refs 27, 28). These residues have been re-
ported to be exceedingly conserved in CHS. The docked 
conformation of CoCHS protein also contained important 
active sites, namely Asn337, Cys165 and His304. It has 
been reported that five amino acid residues, namely 
Ser134, Glu193, Thr195, Thr198 and Ser339 form the 
coumaroyl-binding pocket, while, seven amino acids resi-
dues, viz. Thr133, Met138, Phe216, Ile255, Gly257, 
Phe266 and Pro376 form the cyclization pocket27. Also, 
amino acid sequence analysis revealed that it contained all 
the family signature sequences of CHS functions17,27,29–31. 
The present findings suggest that the isolated CHS se-
quences of C. ovalis are homologous to CHS sequences 
from other plants. 
 Figure 1 and Table 1 provide details of the ligands. 
These ligands bind to the predicted binding pocket of 
CoCHS macromolecule. The four best docked ligands on 
the basis of more negative binding energy were 3-carbo-
moyl-picoliniyl CoA, followed by 3-carbomoyl-2-napthoyl
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Figure 3. Ligand binding plots: (a) Tr_3-carbomoyl-picoliniyl CoA, (b) Tr_3-carbomoyl-2-napthoyl CoA, (c) Tr_p-coumaroyl CoA and
(d) Tr_malonyl CoA. 
 
 

Table 1. Docking scores of ligands on modelled structure of Coelogyne ovalis chalcone synthase 

Ligands Structure Docking score 
 

Tr_3-carbomoyl-picoliniyl CoA CC(C)C(O)C(=O)NCCC(=O)NCCSC(=O)c1ncccc1C(N)=O –8.29 
Tr_3-carbomoyl-2-napthoyl CoA CC(C)C(O)C(=O)NCCC(=O)NCCSC(=O)c2ccc1ccccc1c2C(N)=O –7 
Tr_p-coumaroyl CoA Oc1ccc(/C=C/C(=O)SCCNC(=O)CCNC(=O)C(O)C(C)C)cc1 –6.75 
Tr_malonyl CoA O=C(CC(=O)O)SCCNC(=O)CCNC(=O)C(O)C(C)C –6.25 
Tr_isobutyryl CoA O=C(SCCNC(=O)CCNC(=O)C(O)C(C)C)C(C)C –6.02 
Tr_ferulyl CoA Oc1ccc(cc1OC)/C=C/C(=O)OCCNC(=O)CCNC(=O)C(O)C(C)C –6.02 
Tr_hexonyl CoA O=C(CCCCC)SCCNC(=O)CCNC(=O)C(O)C(C)C –5.98 
Tr_butyryl CoA O=C(CCC)SCCNC(=O)CCNC(=O)C(O)C(C)C –5.91 
Tr_sinapoyl CoA COc1cc(cc(OC)c1O)/C=C/C(=O)SCCNC(=O)CCNC(=O)C(O)C(C)C –5.84 
Tr_5-hydroxyferulioyl CoA COc1cc(cc(O)c1O)/C=C/C(=O)SCCNC(=O)CCNC(=O)C(O)C(C)C –5.66 
Tr_acetoacetyl CoA O=C(CC(C)=O)SCCNC(=O)CCNC(=O)C(O)C(C)C –5.63 
Tr_acetyl CoA O=C(C)SCCNC(=O)CCNC(=O)C(O)C(C)C –5.16 
Tr_octanoyl CoA O=C(SCCNC(=O)CCNC(=O)C(O)C(C)C)CCCCCCC –5.11 
Tr_lauryl CoA O=C(CCCCCCCCCCC)SCCNC(=O)CCNC(=O)C(O)C(C)C –5.01 
Tr_methylmanoyl CoA O=C(SCCNC(=O)CCNC(=O)C(O)C(C)C)C(C)C(=O)O –4.96 
Tr_stearyl CoA O=C(CCCCCCCCCCCCCCCCC)SCCNC(=O)CCNC(=O)C(O)C(C)C –3.99 

 
 
CoA, p-coumaroyl CoA and malonyl CoA (Table 1). The 
highest binding energy score was reported by 3-carbo-
moyl-picoliniyl CoA (–8.29), followed by carbomoyl-2-
napthoyl CoA (–7), p-coumaroyl CoA (–6.75) and  
malonyl CoA (–6.25)15,29,32,33. Plots constructed with the 
four best docked ligands (3-carbomoyl-picoliniyl CoA,  
3-carbomoyl-2-napthoyl CoA, p-coumaroyl CoA and ma-
lonyl CoA using LIGPLOT v.4.5.3 (EMBL-EBL)) showed 
them binding to the same macromolecule, thus revealing 
the possible interactions with all the amino acid residues 
which are important for CHS gene functionality (Figure 3). 

Conclusion 

The present study reveals wide-spectrum substrate speci-
ficity of CoCHS protein and the amino acid residues that 
are crucial to substrate binding. This information can be 
potentially used for the fabrication of a broad range of 
phenylpropanoid important polyketide compounds which 

may be pharmaceutically translated into important drugs 
for medicinal uses. 
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