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ABSTRACT 

 

These-days, pharmacophore approaches have 

become one of the foremost tools in drug 

discovery after the past century’s development. 

Numerous ligand-based and structure-based 

strategies are developed for improved 

pharmacophore modeling with success and 

extensively applied in virtual screening, de novo 

design and lead improvement. Till now, there is 

little information on 3D-pharmacophore studies 

of 1,2,3-triazolo-fused betulonic acid derivatives 

as a strong inhibitor for human coronavirus-

229E replication. Here, we tend to report the 

appliance of pharmacophore modeling for 

betulonic acid derivatives as an inhibitor. This 

study has been undertaken to realize intuitions 

into molecular mechanisms and structural 

necessities crucial for potential inhibition of 

betulonic acid derivatives. The standard 

procedure was adapted to develop the 

pharmacophoric models. It is found that the 

pharmacophore model of active betulonic acid 

derivative (compound 5h) unveils the 

importance of five- and six-member aliphatic 

cyclic hydrocarbon moiety, aromatic ring, –OH 

group of carboxylic acid, five-member 

heterocyclic rings (triazolo) and aliphatic alkene 

group and their correlation with the biological 

activity. It may be helpful within the design of 

novel betulonic acid derivatives inhibitors for 

human coronavirus-229E replication.  
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INTRODUCTION 

Though less explored, the 

coronavirus (CoV) nsp15 (non-structural 

protein 15) endoribonuclease (EndoU) is a 

highly attractive drug target since it has no 

cellular counterpart, its catalytic site is 

conserved among CoVs, and it is amenable 

to structure-based design based on available 

protein structures.
[1-5]

 The nsp15 is one of 

the non-structural protein components of the 

replication-transcription complexes (RTCs), 

the site where CoV RNA synthesis occurs.
[6-

8]
 Although the functions of nsp15 are not 

entirely understood, its EndoU function is 

known to regulate viral RNA synthesis, 

limit the recognition of viral dsRNA by 

cellular sensors, and prevent the dsRNA 

activated antiviral host cell response.
[9-13]

 

The interferon type I evading activity of 

nsp15 is well elaborated for mouse 

coronavirus MHV-A599 and HCoV-229E10 

and was recently also demonstrated for 

SARS-CoV-2.
[14]

 The concept to inhibit 

nsp15 is thus unique since it combines a 

direct antiviral effect with the potential to 

revert viral evasion from host cell 

immunity. 

Recently, Annelies Stevaert et al,
[15]

 

reported identification of a class of HCoV-

229E nsp15 inhibitors with a 1,2,3-triazolo-

fused betulonic acid structure. They 

describe their synthesis, structure-activity 

relationship (SAR), and the mechanistic 

findings, in particular resistance data, which 
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corroborate nsp15 as the antiviral target for 

HCoV-229E. Annelies Stevaert et al,
[15]

 

discussed the structure−activity relationship 

exploration of 1,2,3-triazolo-fused betulonic 

acid derivatives yielded lead molecule as a 

strong inhibitor (antiviral EC50: 0.65 μM) 

of HCoV-229E replication. They conclude 

nsp15 endoribonuclease active site mutant 

virus was markedly less sensitive to lead 

molecule and selected resistance to the 

compound mapped to mutations in the N-

terminal part of HCoV-229E nsp15, at an 

interface between two nsp15 monomers. 

Though, Annelies Stevaert et al,
[15]

 

discussed SAR (Structure Activity 

Relationship), no attempt was investigated 

to develop the three-dimensional 

pharmacophore model of betulonic acid 

derivatives. This is first ever effort to 

develop the three-dimensional 

pharmacophore model of betulonic acid 

derivatives as a strong inhibitor of human 

coronavirus-229E replication using 

alignment approach. 

Nowadays pharmacophore 

approaches have become one of the 

foremost tools in drug discovery after the 

past century’s development. Numerous 

ligand-based and structure-based strategies 

are developed for improved pharmacophore 

modeling with success and extensively 

applied in virtual screening, de novo design 

and lead improvement.
[16]

 Pharmacophores 

are used as queries for recovering likely 

leads from structural databases for 

designing molecules with specific desired 

attributes and for evaluating similarity and 

variety of molecules manipulation 

pharmacophore fingerprints. It may be used 

to align molecules based on the 3D 

arrangement of chemical structures or to 

improve prognostic 3D quantitative 

structural activity relationship (QSAR) 

models.
[17,18]

 Similarly, Virtual screening is 

a computational process used in the areas of 

drug discovery and development to explore 

libraries of small ligands which can be 

suitably bound to their target proteins or 

enzymes while docking is a phenomenon of 

predicting the orientations of molecules in 

the bounded stable complex. Till date, there 

is little information on 3D-pharmacophore 

studies of betulonic acid derivatives as an 

inhibitor. Herein, we tend to report the 

appliance of pharmacophore modeling for 

betulonic acid derivatives as an inhibitor. 

This study has been undertaken to realize 

intuitions into molecular mechanisms and 

structural necessities crucial for potential 

inhibition of betulonic acid derivatives. It 

may be helpful within the design of novel 

betulonic acid derivatives inhibitors for 

human coronavirus-229E replication. 

 

MATERIALS & METHODS 

Selection of Dataset 
 

Table-1: SMILES notations and activity values EC50 (μM) of betulonic acid and its most active derivatives used for alignment. 
Compounds SMILES Antiviral activity (μM) 

EC50 (MTS) 

Betulonic 

acid 

C=C(C)[C@@H]1CC[C@]2(C(O)=O)CC[C@@]3(C)[C@]4(C)CC[C@@]5([H])C(C)(C)C(CC[C@] 

5(C)[C@@]4([H])CC[C@]3([H])[C@]21[H])=O 

>100 

5q C=C(C)[C@@H]1CC[C@]2(C(O)=O)CC[C@@]3(C)[C@]4(C)CC[C@@]5([H])C(C)(C)C6=C 

(N=NN6)C[C@]5(C)[C@@]4([H])CC[C@]3([H])[C@]21[H] 

4.3 ± 0.6 

5r C=C(C)[C@@H]1CC[C@]2(C(O)=O)CC[C@@]3(C)[C@]4(C)CC[C@@]5([H])C(C)(C)C6=C 

(N=NN6CC7=CC=CC=C7)C[C@]5(C)[C@@]4([H])CC[C@]3([H])[C@]21[H] 

0.85 ± 0.05 

5s C=C(C)[C@@H]1CC[C@]2(C(O)=O)CC[C@@]3(C)[C@]4(C)CC[C@@]5([H])C(C)(C)C6=C(N= 

NN6[C@@H](C)C7=CC=CC=C7)C[C@]5(C)[C@@]4([H])CC[C@]3([H])[C@]21[H] 

1.1 ± 0.2 

5t CC(C)[C@@H]1CC[C@]2(C(O)=O)CC[C@@]3(C)[C@]4(C)CC[C@@]5([H])C(C)(C)C6=C(N=NN6 

[C@@H](C)C7=CC=CC=C7)C[C@]5(C)[C@@]4([H])CC[C@]3([H])[C@]21[H] 

13 ± 5 

5u C=C(C)[C@@H]1CC[C@]2(C)CC[C@@]3(C)[C@]4(C)CC[C@@]5([H])C(C)(C)C6=C(N=NN6 

[C@@H](C)C7=CC=CC=C7)C[C@]5(C)[C@@]4([H])CC[C@]3([H])[C@]21[H] 

>100 

5h C=C(C)[C@@H]1CC[C@]2(C(O)=O)CC[C@@]3(C)[C@]4(C)CC[C@@]5([H])C(C)(C)C6=C(N=NN6 

[C@@H](C)C7=CC=CC=C7)C[C@]5(C)[C@@]4([H])CC[C@]3([H])[C@]21[H] 

± 0.08 

 

The dataset includes twenty-three 

1,2,3-triazolo-fused betulonic acid scaffold 

derivatives exhibiting the antiviral activity 

(EC50) in µM range. Almost all betulonic 

acid derivatives proved to be highly 

effective CoV inhibitors.
[15]

 The betulonic 
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acid derivatives possess good variation in 

substation pattern like the presence of 

carboxylic acid moiety, 1,2,3-triazole 

moiety, aliphatic and aromatic moieties. 

They also possess hydrophobic interactions 

and hydrogen-bonding interactions.
[15]

 

Therefore, the selected dataset is wide 

enough to develop a pharmacophore model 

of betulonic acid derivatives. Out of these 

the dataset of betulonic acid and its six most 

active derivatives have been tabulated in 

table 1. 

 

Development of Pharmacophore Model  

All computations were performed on 

different types of software such as 

ChemSketch 2010 freeware, MOPAC 2012, 

Open3DAlign and Forge 10.0.1. The 

standard procedure used in the present work 

for developing consensus pharmacophore 

model involves recommended steps in the 

literature.
[19-23]

 The four main steps for 

generating pharmacophore model of 

betulonic acid derivatives are: 

a) Drawing the structures using a software 

(ChemSketch 2010 freeware) 

b) Optimization using a suitable method 

(MOPAC 2012 using AM1 method) 

c) Aligning all the molecules in the dataset 

using suitable approach (Open3DAlign 

software) 

d) Generation of a consensus 

pharmacophore model (Forge 10.0.1 

software) 

 

RESULT AND DISCUSSION 

Pharmacophore models represent the 

3D-arrangement of the chemical features 

and steric limitations that are necessary for a 

small molecule to interact with a specific 

target protein.
[24]

 These features correspond 

to chemical functionalities such as hydrogen 

bond acceptors (HBAs), hydrogen bond 

donors (HBDs), hydrophobic areas (Hs), 

aromatic rings (ARs) and 

positively/negatively ionizable groups 

(PIs/NIs). In the present study, the chemical 

features of six most active betulonic acid 

derivatives (Compound 5q, 5r, 5s, 5t, 5u and 

5h) are analyzed. Among these, the 

pharmacophore model provides strong 

evidence that the lead molecule 5h as a 

strong inhibitor (antiviral EC50: 0.65 μM) 

of HCoV-229E replication. The 

pharmacophore model of lead molecule 5h 

(betulonic acid derivative) is represented in 

fig. 1. The pharmacophoric pattern of 

betulonic acid derivative (lead molecule 5h) 

is highlighted by four contour regions. 

Yellow colour region represented lipophilic 

nature i.e., van der Waals surface field 

points, gold or orange colour represented 

hydrophobic field points, blue colour region 

represented negative field points and red 

colour region represented positive field 

points of the compound. The present 

pharmacophore analysis reveals that the 

activity of betulonic acid derivative (lead 

molecule 5h) has good correlation with 

these three contour portions. 

A representative field point pattern 

of lead molecule 5h is shown in fig. 1. The 

size of the point indicates the potential 

strength of the interaction. Larger field 

points represent stronger points of potential 

interaction while the smaller field points 

represent weaker point of potential 

interaction. On the basis of size of the point, 

it is seen that, 5h molecule shows three 

types of negative field points (blue colour). 

Larger blue colour field point (negative 

ionic field) is present over 1,2,3-triazole 

moiety, indicates that these ionic group has 

strong tendency to interact positive ionic 

group. Smaller blue colour field point is 

present above and below the aromatic 

moiety and aliphatic alkene group implies 

that these groups have negative π-cloud and 

have less tendency to H-bond acceptor. 

Intermediary (between large and small size) 

blue colour field point is present over 

carbonyl ligand, indicate that these negative 

field group has tendency to H-bond 

acceptor. 

On the other hand, it is observed 

that, 5h molecule shows only two positive 

field points (red colour) as compared to 

negative field points. This molecule does 

not show larger red colour field point 

(positive ionic field) indicating less 
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tendency to attract negative ionic group. 

The intermediate size (between large and 

small) red colour field is present over 1,2,3-

triazole moiety and –OH group of 

carboxylic acid indicate that these moieties 

have tendency to H-bond donor. Smaller red 

colour field point is present over the 

aromatic moiety which indicates aromatic 

ring having less tendency to π-H-bond 

donor.

 

   
(a)                                                                                                       (b) 

 

   
(c)                                                                                                      (d) 

Fig. –1: Activity of betulonic acid derivative (lead molecule 5h). (a) 3D-structure of 5h molecule. (b) Four contour regions of 5h 

molecule. (c) Interpretation of the different field types around 5h molecule. (d) Three-dimensional representation of 

pharmacophoric pattern for 5h molecule. 

 

It is observed that, 5h molecule is 

strongly hydrophobic in nature (shown by 

gold or orange colour field). This 

hydrophobic field is due to presence of five- 

and six-member aliphatic cyclic 

hydrocarbon ring, aromatic ring and 

aliphatic group in 5h molecule. The strong 

hydrophobic nature of 5h molecule indicates 

high polarizability and hydrophobicity. It is 

also seen that, 5h molecule has highly 

lipophilic nature (shown by yellow colour 

field). This lipophilic nature represents van 

der Waals interactions in 5h molecule, 

which is due to the presence of aliphatic 

hydrocarbon ring, aromatic ring and 

aliphatic groups. This lipophilic nature 

describes the stickiest surface of 5h 

molecule.              

Thus, pharmacophore model of 

1,2,3-triazolo-fused betulonic acid 

derivative (compound 5h) shows the 

importance of five- and six-member 

aliphatic cyclic hydrocarbon moiety, 

aromatic ring, –OH group of carboxylic 

acid, five-member heterocyclic rings 

(triazolo) and aliphatic alkene group and 

their correlation with the biological activity. 

Hence such a combination of these moieties 
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must be retained in future optimization to 

have good activity. 

 

CONCLUSION  

The present work reveals important 

pharmacophoric patterns of betulonic acid 

derivatives inhibitors for human 

coronavirus-229E replication. The produced 

pharmacophore reflects four primary 

features; hydrogen bond acceptors (HBAs), 

hydrogen bond donors (HBDs), 

hydrophobic areas (Hs), positively ionizable 

groups (PIs) and negatively ionizable 

groups (NIs). Ionic groups give rise to the 

strongest electrostatic fields. Hydrogen 

bonding groups also give strong 

electrostatic fields. Aromatic groups encode 

both electrostatic and hydrophobic fields. 

Aliphatic cyclic groups highlight 

hydrophobic and surface points but are 

essentially electrostatically neutral. In 

future, this pharmacophore models will 

assist to discover new inhibitors for human 

coronavirus-229E replication.  
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