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ABSTRACT 
 

Objective: Hepatocyte Nuclear Factor 4 alpha (HNF4α) is an adopted orphan protein with endogenous ligand as free fatty acid 
discovered in the recent years. It has prominent role in controlling the genes that are responsible for the development and functioning 
of various body organs like liver, pancreas, kidney and gut. The objective is to find out the small molecules that can modulate the 
functioning of HNF4α using computer aided drug designing. 
 
Methods: Docking based virtual screening was performed for the hit molecules obtained from the pharmacophore-based database 
screening. Top ten hits are studied for pharmacokinetic and toxicity profile. Selected leads are further analyzed for interactions and 
novel quinazolinone based molecules are designed.  
 
Results: Using Pharmit server, based on BIM 5078, pharmacophore-based screening of databases has been done that resulted in 5000 
hits. Out of these 2011 PubChem molecules are virtually screened using PyRx. Top 10 (scores ranging from -12 to -10) are studied for 
ADMET and protox filtration. Two quinazolinone based molecules are found to be inactive for all possible toxicity predictions. 
 
Conclusion:  Novel quinazolinone based analogous are proposed for synthesis and further biological studies can be done to evaluate 
the functioning of small molecule HNF4α modulators. 
 
Keywords: HNF4α, pharmacophore, docking based virtual screening, quinazolinone, PyRx 

 

INTRODUCTION 

                       Hepatocyte Nuclear Factor 4 alpha (HNF4α) protein 

belongs to nuclear receptor subfamily 2, group A, member 

(NR2A1) which is a hepatic DNA-binding protein involved in the 

expression of hepatic genes. It plays a major role in the 

development and functioning of liver, kidneys, gut and pancreatic 

beta cells [1]. It is also involved prominently in the regulation of 

gene expression that is linked to metabolic processes such as 

glucose and lipid homeostasis [2, 3]. Impairment of the gene 

expression led to gastrointestinal and metabolic diseases. HNF4α  
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directly interacts with the proteins that are responsible for the 

glucose uptake and metabolism and hence HNF4α gene 

alterations and pathogenic mutations causes heritable form of 

type 2 diabetes [4]; accounts for 5% to 10% of maturity-onset 

diabetes of the young 1 (MODY-1) [5]. HNF4α has also been 

involved in inflammatory processes in internal organs such as 

inflammatory bowel disease. It sets out to be a novel diagnostic 

and prognostic biomarker in cancer therapy [6].  

Due to the enormous role played by HNF4α in the human body, 

there is an immense interest in the scientific community to 

develop the small molecules that regulate the protein. HNF4α is 

an orphan nuclear receptor whose endogenous ligand is not 

known, however, later x-ray crystal structures of medium and 

long chain fatty acid bound ligand binding pocket sites within the 

HNF4α protein were developed. But these fatty acid ligands 

cannot completely activate or modulate the receptor activity and 

there is very limited evidence regarding the ligand mediated 

HNF4α activity. Also due to the kinetics of the ligand binding the 

development of small molecule ligands becomes a challenging 

task. Interestingly, in certain physiological situations, linoleic acid 

which is an endogenous ligand of HNF4α is found to be 
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exchangeable from the binding site pocket of the receptor [7] 

which means that there is a possibility of other ligands which can 

be small molecules to bind to the active site of the receptor and 

thereby possibility of receptor activity modulation. But HNF4α 

ligand exchange is quite inefficient in vitro Rémy Le Guével et al 

identified small molecule regulators of the HNF4α based on 

naphthofuran scaffolds [8]. Alverine, an approved drug for the 

treatment of irritable bowel syndrome is found to activate 

HNF4α. A patent was filed by the Ligand Pharmaceuticals 

Incorporated [US] on the methods for and using substituted 

tetrahydroquinolines, phenylacetic acids and benzoic acids as 

HNF4α modulator compounds [9]. Nitrobenzenesulfonyl based 

methylbenzimidazole derivative (BIM5078) was found to be 

potent HNF4α antagonist identified via High-Throughput 

Screening. Chemically diverse collection of fragment-like 

activators (tryptoline and others) which modulate the HNF4α 

activity were discovered via Chemogenomics [10] 

2. MATERIALS AND METHODS 

2.1 Methodology 

An adopted orphan receptor is one whose ligands have been 

identified in the recent years [10]. HNF4α is termed as adopted 

orphan receptor whose ligands are identified as free fatty acids 

but not having promising functional aspects. Hence, we aimed to 

develop small molecule ligands that can modulate the receptor. In 

order to achieve this, we proposed In-silico drug designing that 

relied on computational methods like pharmacophore based 

virtual screening of ligand library, molecular docking approaches 

that can be used to find out active molecules. In the present work, 

pharmacophore-based ligand lead library was generated against 

HNF4α that have similar steric and electronic features and further 

virtual screening of the obtained leads was performed to screen 

the molecules having best binding scores followed by ADMET 

studies, docking studies of the best hits. The binding interactions 

of the selected best hits were studied and considering the core 

features involved in binding, design of the novel molecules was 

proposed for further analysis. 

2.2 Generation of Ligand Library 

The crystal structure of HNF4α consists of 4 chains A, B, C, D with 

a total sequence length of 250 and it forms an antiparallel, three-

layered α helical sandwich similar to other nuclear receptor 

ligand binding domains. 3D protein x-ray crystal structure was 

downloaded from PDB databank in PDB format (PDB Id: 1M7W). 

1M7W consists of ligand binding domain with bound fatty acid in 

all the four chains. Using Biovia Discovery Studio the active site 

attributes from the largest binding site of the receptor cavity was 

defined (X=55.190661 60.170821 11.720768; radius=37.89). 

With the help of DoGSiteScorer [11] eight potential binding 

pockets with drug score greater than 0.5 are identified for 

docking considerations (fig. 1). Binding pocket amino acids are 

analysed using CASTp 3.0 software [12].  

 

Fig 1: Eight potential drug binding pockets identified by 

DoGSiteScorer represented in eight different colours 

 HNF4α is an orphan receptor with limited reported small 

molecule ligands having little effect on receptor modulation. 

Using PyRx [13], virtual screening was performed to understand 

the binding affinity of the reported ligands (substituted 

naphthofuran, Alverine, BIM5078) with that of the receptor. 

However, to completely navigate the binding sites of the target, 

screening was performed by maximising the vina search space 

grid on the receptor. The binding interactions of reported 

molecules are studied thoroughly (Table 1) using Biovia 

Discovery Studio Visualiser [14]. Among them BIM5078, a 

nitrogen containing heterogenous molecule (1-[(2-chloro-5-

nitrophenyl) sulfonyl]-2-methyl-1H-benzimidazole) is having 

highest affinity for HNF4α with a binding score of -8.1. After 

careful observation of reported molecules and their interactions 

hydrophobic parameters are found to play a major role in the 

receptor modulation (fig. 2a, 2b). It is interesting to find out the 

lead molecules having the same pharmacophoric fingerprint as 

the selected ligand BIM5078 (2c). Further screening of the 

obtained leads will enable to find out the feasible hits for HNF4α. 

Table 1: Binding affinity scores and interactions with HNF4α 

of reported molecules 

S. No. Molecule Binding 
score 

Interactions 

1 

OO

CH3

N
+

O
–

O

 
8-methoxy-2-

nitronaphtho[2,1-b] furan 
 

-7.4 Conventional 
hydrogen 

bonds (LYS 
D:291), 

Hydrophobic: 
Pi-pi stacked: 

TRP D:340 
Pi alkyl: ILE 

D:343 
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2 CH3

N

 
Alverine 

-6.6 Hydrophobic: 
Amide pi 

stacked: LEU 
B:186; Pi 
alkyl: LEU 

C:186; LEU 
C:211; LEU 
B:187; VAL 

C:208 
3 

CH3

N

N

S

Cl

N
+

O
–

O

O

O

 
BIM5078 

-8.1 Carbon 
hydrogen 

bonding ARG 
C:212, 

hydrophobic: 
pi alkyl: LEU 
B: 211; LEU 
C:211; LEU 
C187; VAL 
B:208; VAL 
B:190; ARG 

B:212 
 

 

Fig: 2. Binding interactions of small molecule naphthofuran 

(2a), Alverine (2b), BIM5078 (2c) with HNF4α respectively. 

2.2.1 Pharmacophoric Parameters: 

Pharmit [15] is a search engine that facilitates virtual screening of 

large chemical datasets to search small molecules based on their 

structural and chemical similarity to another small molecule. It 

accepts ligand-receptor complex structure, a ligand-only 

structure or pharmacophore as query file. All the pharmacophore 

features present in the provided ligand structure will be identified 

by the server and if at all any receptor structure is provided, it will 

identify the ligand features relevant to the protein-ligand 

interaction using distance cutoffs between corresponding 

features on the receptor and ligand. The server also allows the 

query to be interactively edited. The ligand structure of BIM5078 

is given as query file to the server which generated the 

pharmacophore fingerprint. As it is difficult to match all the query 

features, based on the binding interactions observed from the 

discovery visualiser (fig. 2c), the query is edited by omitting six 

features and the following parameters are finalised as query file 

(fig 3; Table 2) with the following filters applied: Mol wt <=500; 

Rot bonds<=10; LogP<=5; HBA<=5; HBD<=5 and number of hits 

per molecule as one. Pharmit also provides the energy 

minimization of the resulted query hits; since the input query 

lacks the protein-ligand complex structure optimization is not 

available. Hence the query file results are saved in the three-

dimensional SDF file format as ligand library.  

 

 

Fig 3: Pharmacophoric query parameters: Hydrogen 

acceptor represented as yellow spheres; purple: aromatic; 

green: hydrophobic 

Table 2: Pharmacophore query parameters 

S.No. Parameter X Y Z Radius 
1 Aromatic 33.73 -15.42 -0.08 1.0 
2 Aromatic 29.64 -9.99 -0.1 1.0 
3 Hydrogen 

acceptor 
31.23 -16.58 -0.3 1.0 

4 Hydrogen 
acceptor 

31.21 -12.69 -0.64 1.0 

5 Hydrogen 
acceptor 

31.85 -12.46 1.76 1.0 

6 Hydrophobic 33.73 -15.42 -0.08 1.0 
7 Hydrophobic 29.64 -9.99 -0.1 1.0 
8 Hydrophobic 31.61 -15.5 -0.04 1.0 

 

2.2 Docking based virtual screening (DBVS) of ligand library 

using PyRx 

PyRx 0.8 is a user-friendly open-source software that combines 

the services of other open-source software like AutoDock, 

AutoDock Vina, and Open Babel to perform DBVS [16]. The three-

dimensional SDF files of query file result of Pubchem library with 

2011 structures were uploaded as input files into PyRx server for 

further DBVS. Binding scores are observed for the molecules and 

top ten hits with highest binding affinity ranks (Table 3) were 
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further analysed for drug likeliness, physicochemical and 

pharmacokinetic properties using Swiss ADME software and 

binding interactions using BIOVIA Discovery studio respectively. 

The Insilco prediction of compound toxicities by computational 

estimations was done by ProTox-II, a virtual lab for the prediction 

of toxicities of small molecules [17].  

Table 3: Top ten DBVS hits of HNF4α (1M7W) 

S. No Pubchem ID Structure Binding 
energy 

(Kcal/m
ol 

1 20655241 

N

N

O

O

N

N

N

 

-12.1 

2 131918667 

CH3

N

NH

NH

O
O

NH
O

N

N

CH3

CH3

 

-10.9 
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CH3

N

N

S

O

O

N
N

O

CH3

O

CH3

CH3
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N
+

NH

N

N
N

N

N

CH3

N

N

CH3
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5 46670313 
CH3

O

NH

O

NH
O

O

N

O
N

CH3

 

-10.6 

6 108779266 CH3

NN

N
N

NH
N

N
CH3

 

-10.5 

7 2220304 CH3

NH

O

S

N

S

O

CH3

CH3
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CH3

N

N

N

N

N

N

NCH3
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9 69462661 

CH3
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O

N NH

N

N

N
NH

 

-10.4 

10 69462666 

CH3
NH

N

O

NH

N

N
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-10.4 

11 BIM5078 

CH3

N

N

S

Cl

N
+

O
–

O

O

O

 

-8.1 

 

3. RESULTS & DISCUSSION 

3.1 DBVS Result Analysis 

It is a well-known fact that nitrogenous heterocycles are an 

integral part of many natural drug scaffolds and synthetic 

molecules which possess physiological activity. From the 

literature search, we concluded that nitrogenous heterocycles do 

have a role in modulating HNF4α. Hence considering the 

nitrogenous scaffold and highest binding affinity score of 

BIM5078, the pharmacophore fingerprint of BIM5078 is selected 

for ligand library generation. A total of 5,153 hit molecules are 

obtained after screening of different databases which include 

CHEMBL32(138), ChemDiv (162), ChemSpace (760), MCULE 

(540), MolPort (526), PubChem (2011), LabNetwork (161), ZINC 

(855). PubChem molecules which are 2011 in number are further 

selected for DBVS and binding affinity scores were noted. Top ten 

hit molecules are selected for binding interaction studies. 

PubChem ID:20655241is having highest binding affinity (-

12.1Kcal/mol) with HNF4α followed by PubChem ID:131918667 

(-10.9 Kcal/mol) comparatively much better than BIM 5078 

reference molecule. But the molecule PubChem ID:131918667 

showed unfavourable donor-donor bond interaction with LYS 

291 amino acid in the B chain. Also, PubChem ID: 2220304 

showed unfavourable acceptor-acceptor interactions with ASP 

289 amino acid in the D chain (Table 4). Unfavourable donor-

donor and unfavourable acceptor-acceptor interactions will 

reduce the stability of the compound activity and thereby reduces 

the stability of the complex because they indicate the repulsion 

between two molecules or atoms [18]. 
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Table 4: Binding interactions of the top ten hits with HNF4α 

Pubchem ID Binding Interactions 
20655241 Conventional hydrogen bonds: THR B:334; 

ARG A:303; Pi-Alkyl bond: ILE A:343; PRO 
B:333; LEU A:332; Pi-Pi stacked: TRP A:340; 

Pi-Pi T shape: HIS A:214; Pi Anion: ASP A: 
287; Pi cation: ARG B:258; 

 
131918667 Conventional hydrogen bonds: THR A:334;  

                                     ARG A:258; HIS B:214; Alkyl bond: TRP  
                                    B:340; Unfavourable donor-donor bond:    

                                    LYS B: 291; Pi-Alkyl bond: PRO A:333; ILE     
                                    B:284; LEU B:332; ALA B:213;290; Pi Anion:  

                                   ASP B: 287; Pi cation: LYS B:291; Carbon- 
                                   hydrogen: ARG B:212; 

 
55460203 Conventional hydrogen bonds: THR D:334;  

                                    ARG C:303; ARG D:258; Pi-Alkyl bond: ILE  
                                    C:343; PRO D:333; LEU C:332; Pi-Pi stacked:  

                                    TRP C:340; Pi-Pi T shape: HIS C:214; Pi  
                                    Anion: ASP C: 287; Pi cation: LYS C:291;  

                                    Carbon-hydrogen: ASP C:289; SER D:337; 
 

153645466 Conventional hydrogen bonds: LYS D:291;  
                                     Pi-Alkyl bond: ILE D:343; PRO D:333; LEU  

                                     C:332; Pi-Pi stacked: TRP D:340; Pi-Sigma:  
                                     GLN C:341; 

46670313 Conventional hydrogen bonds: ASP C:287;  
                                     HIS C:214; THR D:334; ARG D:258; LYS  

                                    C:291; Pi-Alkyl bond: ILE C:343; PRO D:333;  
                                    LEU C:332; Pi-Pi stacked: TRP C:340;  

                                    Carbon-hydrogen: ALA C:213; SER C:337; 
 

108779266 Pi-Alkyl bond: ALA B:215; LEU B:186; LEU  
                                    C:211; VAL C:190; VAL B:208; LEU C:187;  

                                    LEU C:186; ARG B:212; LEU B:211; Amide- 
                                    pi stack: LEU C:186; 

 
2220304                    Conventional hydrogen bonds: THR C:334;  

                                     HIS D:214; LYS D:291; Unfavourable  
                                      acceptor-acceptor: ASP D: 289; Pi-Alkyl   

                                     bond: PRO C:333; ILE D:284; LEU D:332; Pi   
                                     cation: ARG C:258; Pi-sulphur: TRP D:340; 
71152493 Pi-Alkyl bond: LYS D:291; Pi cation: LYS  

                                    D:291; ARGC:258; Pi-Donor hydrogen  
                                    bond: TRP D:340; 

 
69462661 Conventional hydrogen bonds: TRP D:340;  

                                     LEU D:365; Pi-Alkyl bond: ILE D:343; Pi-Pi  
                                     stacked: TRP D:340; Pi cation: ARG C:258;  
                                     LYS D:291; Carbon-hydrogen: ASP D:287;   

                                    ALA D:213; ARG D:212 
 

69462666 Conventional hydrogen bonds: TRP D:340;  
                                    Pi-Alkyl bond: ILE D:343; LYS D:291; Pi-Pi  
                                    stacked: TRP D:340; Pi cation: ARG C:258;  
                                    LYS D:291; Carbon-hydrogen: ALA D:213;  

                                    GLU D:217 

 

The ligand binding domain (LBD) of human HNF4α consists of 

amino acid residues from 140–382. All the obtained hits showed 

conventional hydrogen bonding, hydrophobic interactions (pi-pi 

stacking/pi-alkyl etc) within the LBD of HNF4α (Table 4). 

Although the binding interactions doesn’t exactly match with the 

binding interactions of endogenous ligand (free fatty acid) of 

HNF4α and BIM 5078, all the interactions are within the LBD site 

with docking scores greater than them. This indicates that the 

obtained hits show greater binding affinity with the sites other 

than fatty acid binding site although within the LBD. The 

quinoline and quinoxaline core of PubChem Id: 108779266 

occupies the same hydrophobic pocket as that of benzimidazole 

core of BIM 5078. 

3.2 Insilco ADMET property and Toxicity Analysis 

Assessment of absorption, distribution, metabolism and excretion 

(ADME) properties is an essential step in the drug development 

process which can be done by using valid computer models as an 

alternative to experiments. Here in this case, SwissADME web tool 

[19] is used to predict models for physicochemical properties, 

pharmacokinetics, drug-likeness and synthetic chemistry 

accessibility. All the hits showed molecular weight ranging from 

378 to 490 g/mol. General acceptable range is between 341.0 and 

437.5 g/mol [20]. All the hit molecules showed drug likeliness 

(Table 5). ProTox-II webserver (TOX PREDICTION) is used for the 

prediction of toxicity of selected hits after omitting PubChem 

molecules 131918667 and 2220304. The molecules with 

PubChem IDs 55460203 and 46670313 have comparatively 

higher predicted LD50 (mg/Kg) values 1000 and 1250 

respectively with toxicity profile as inactive in all aspects (Table 

6). Hence considering the synthetic accessibility and Insilco 

toxicity predictions, PubChem molecules with IDs 55460203 and 

46670313 are considered for further analysis. 

Table 5: Predicted pharmacokinetic property profile of top 

ten hits 

 

Table 6: Predicted toxicity profile of top ten hits 

 

4. Proposed Design of Novel Analogues 

Nitrogen-based heterocycles occupy more than 75% of drugs 

approved by the FDA [21]. All the obtained hit molecules contain 

various nitrogenous heterocyclic scaffolds like benzotriazole, 
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piperazine, benzimidazole, pyridopyrimidine, quinazolinone, 

thiazole, triazine, quinoline, quinoxaline, triazolo pyrimidine, 

indazole, quinazoline, dihydroquinoline. Quinazolinone 

derivatives play a prominent role as potent pharmacophoric units 

and greatly helps in the design and development of a wide range 

of bioactive compounds owing to their versatile nature [22]. They 

have important role as anticancer [23], anti-inflammatory [24], 

anti-cholinesterase [25], DHFR inhibitory [26] and antimicrobial 

[27] agents. Quinazolinone-sulphonyl urea-based derivatives 

showed reduced glucose levels [28]. Based on the binding 

interaction studies, ADMET and PROTOX properties PubChem 

molecule 55460203 and 46670313 are considered as basic 

molecules for designing new drug like molecules. These 

molecules showed maximum interactions with the target and 

have quinazolinone ring in common (fig. 4&5). 

Fig 4: Structural assessment to consider basic scaffolds and 

their interactions to design new analogues. Left: Basic 

scaffold-Quinazolinone circled in 

red/aromatic/heterocyclic (hydrophobic interactions) side 

chain linked with conventional hydrogen bonding 

interactions represented in green and alkyl groups in blue. 

Right: 2D visualisation of PubChem ID 55460203 

Quinazolinone ring with alkyl group substituents showed active 

hydrophobic interactions besides amide groups. Carboxylic side 

chains showed conventional hydrogen bonding. Moving along 

with these parameters fig. 6 depicts a novel strategy of designing 

new leads with good synthetic feasibility and probable drug 

likeliness. 

 

Fig 5: Structural assessment to consider basic scaffolds and 

their interactions to design new analogues. Left: Basic 

scaffold-Quinazolinone circled in 

red/aromatic/heterocyclic (hydrophobic interactions) side 

chain linked with conventional hydrogen bonding 

interactions represented in green and alkyl groups in blue. 

Right: 2D visualisation of PubChem ID 46670313 

 

Fig 6: Proposed design strategy based on the hits selected 

from DBVS against HNF4α. R=R1= Alkyl/Aromatic; R2= 

Heterocyclics (Aromatics/Non-Aromatics) 

The proposed strategy aimed to combine the important 

functional groups present in both the hits that are involved in the 

key interactions with the target, keeping intact the core 

quinazolinone moiety as such. It aimed to reduce the molecular 

weight to the accepted range at the same time number of 

rotatable bonds for further synthetic feasibility. The chemical 

structure and functionality of the sulfonyl group helps in forming 

key hydrogen bonding interactions with the active site amino acid 

residues of biological targets [29]. Hence sulfonyl group forms an 

important therapeutic agent in the drug discovery domain. 

Quinazolinone sulfonyl group hybrids showed potent anti-

hyperglycaemic activity [30, 31]. BIM5078 consists of sulfonyl 

group which is retained in the novel pharmacophore. 

Hydrophobic interactions are the key interactions that play a 

prominent role in the protein-ligand complex. They are more 

frequent interactions and are considered as driving factor in high-

efficiency ligands to form drug-receptor interactions [32]. Alkyl 

and aromatic substituents of both the hits participated in 

hydrophobic interactions (aromatic-aromatic; pi-pi stacked, pi-pi 

alkyl, pi-pi T shaped). It was found that HNF4α is found to interact 

with ligands like lauric acid/myristic acid, BIM5078, PubChem 

molecules 55460203 and 46670313 mainly in the form of 

hydrophobic interactions. Hence all possible alkyl/aromatic 

substituents are proposed at all possible positions around 

quinazolinone core. 
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CONCLUSION 

HNF4α protein is a transcription factor mainly expressed in the 

epithelial tissues of liver, gut, pancreas and kidney. It has 

prominent role in controlling a variety of activities particular to 

that specific gene. It is primarily an adopted orphan with 

endogenous ligand as free fatty acid. Small molecule modulators 

in place of free fatty acids may help in modulating the activity of 

HNF4α further. Quinazolinone moiety containing novel molecules 

based on the hits obtained from the pharmacophore based virtual 

screening were proposed. Further biological evaluation of the 

selected two hit molecules (PubChem IDs 55460203 and 

46670313) against HNF4α also helps in determining its activity. 
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