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Abstract: Investigate the protein–ligand binding affinity and evaluate the receptor binding abilities of different classes of 
ligands for APOE4 through molecular docking studies. The polymorphic nature of human Apo E gene encodes one of 3 
common epsilon (ε) alleles (ε2, ε3, and ε4), reported to influence the risk of cardiovascular diseases. Structural basis of APOE4 
involvement in CAD suggests that the intramolecular domain interactions to be a suitable target for therapeutic intervention. 
Identification of APOE4 modulators, targeted towards therapeutic candidates in CAD using Molecular Docking studies. 
Various classes of ligands including known drugs used in the treatment of CAD, fragment-based stabilizers and their similar 
structures and molecules with known bioactivity against APOE4 were screened for their binding affinity and further 
investigated for their interactions with APOE4. Computational studies show the benzyl amide derived structures to be useful 
candidates in modulation of APOE4. The protein–ligand binding affinities predicted in the study indicated receptor binding 
abilities of APOE4 that can lead to have interesting insights on structural conformity of APOE4 and its correlated functional 
aspects. Understanding modulation of APOE4 can pave ways to use it as biomarker for CAD as well as for its therapeutics. 
Further analysis of the variation of the docked protein structure, molecular dynamic simulation can be performed to generate a 
dynamic structure for binding analysis. 
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1. Introduction 

Coronary artery disease (CAD) also known as coronary 
heart disease (CHD) characterized by cholesterol build up on 
the inner walls of coronary arteries leading to a process 
called atherosclerosis [1, 2] While genetics play an important 
role in the pathogenesis, it is believed that cholesterol 
metabolism plays a central role to elevate low density 
lipoprotein-cholesterol (LDL-C) levels in plasma and 
eventually leads to the development of CAD [3]. Alterations 
in serum lipoproteins levels or accumulation of elevated 
levels of LDL cholesterol affects the homeostatic control of 

cholesterol metabolism resulting in atherosclerotic vascular 
events such as myocardial infarction, stroke, or peripheral 
vascular occlusion, a strong predisposition to early CHD [4]. 
Recent study on clinical and coronary angiographic profiles 
of symptomatic coronary artery disease (CAD) patients less 
than 30 years of age in Kerala, India reported low levels of 
high-density lipoprotein (HDL) and high levels of LDL with 
long-term mortality rates [5]. Along with abnormal lipid 
levels, it has been found that APOE4 (E4/E4) genotype has a 
relationship with myocardial infarction in Indian patients 
from South Africa and strongly associated with CAD when 
investigated among coronary angiographed Punjabi 
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population (north west India) [6, 7]. Similar study also 
reported the association of APOE4 variant with increased 
LDL levels and total cholesterol in Kashmiri population [8] 
indicating APOE can be a potential susceptibility locus for 
CAD. 

Apolipoprotein (APOE) encoded by APOE gene, is a 
plasma glycoprotein of 34.15 kDa with 299-amino acids [9] 
where the receptor-binding region lies in the N-terminal 
domain (1-164 residues) targeted for fragment-based drug 
discovery; the C-terminal domain that contains the lipid-
binding function runs from 165-299 residues [10, 11]. APOE 
is associated with HDL, very low-density lipoprotein 
(VLDL), and majorly with chylomicrons [12, 13] that 
regulate lipoprotein metabolism and control the transport and 
redistribution of lipids among tissues and cells through 
receptor-mediated pathways [4, 11]. It’s cholesterol-raising 
effects in atherosclerosis and premature cardiovascular 
diseases (CVD) [14] has made a potential genetic marker 
with profound influence on the risk of developing 
neurological and cardiovascular disease through cholesterol 
metabolism [15]. 

The human polymorphic APOE gene has single amino acid 
substitution at 112 and 158 position resulting in three main 
alleles: epsilon 2 (ε2), epsilon 3 (ε3) and epsilon 4 (ε4), 
coding for three isoforms: APOE2 (Cys112/Cys158), the 
most prevalent; APOE3 (Cys112/Arg158) and APOE4 
(Arg112/Arg158) (Table 1) with six possible genotypes: 
E2/E2, E2/E3, E3/E3, E3/E4, E4/E4 and E2/E4 [11, 16]. 
Differential effect of APOE genotypes have been studied and 
found that the gene affects the lipoprotein clearance 
mechanisms and consequently the lipid profile gets disturbed 
leading to damage to the cardiovascular system. The APOE4 
allele has become an independent risk factor that has 
influence on lipid profiles and is associated with the 
development of both type 2 diabetes mellitus (T2DM) and 
CVD [17-19]). The sequence dissimilarity among APOE2, 
APOE3 and APOE4 cause intramolecular domain interaction 
due to difference in their isoelectric points; the three isoforms 
differ sequentially by one charge unit and hence in the 
binding affinities to LDL receptors and lipoproteins particles 
[11, 20]. The polymorphism imparts distinct functional 
effects in lipoprotein metabolism through the hepatic binding, 
uptake, and catabolism of lipid particles to these events: a) 
increase intestinal cholesterol absorption, b) affect LDL 
synthesis in the liver, and c) raised levels of total cholesterol 
(TC) and low-density lipoprotein cholesterol (LDL-C) 
eventually leading to higher risk for CAD unlike the other 
isoforms [14, 21, 22]). 

The distinctive roles of three isoforms in disease 
pathogenesis was justified by the 112-arginine residue in N-
terminal domain that influences the lipid-binding properties 
of the C-terminal domain, indicating an interaction between 
the domains and thus affect the receptor-binding activity [11]. 
Substitution at 112 in APOE4 causes the side chain of 
Arginine at 61 to extend away from the N-terminal domain 

resulting it to interact ionically with glutamic acid at 255 in 
C-terminal domain, unlike that in APOE3 and APOE2 which 
do not exhibit such domain interaction [15]. Studies also 
claimed that this substitution in APOE4 also prevent 
disulphide bond formation with APOA-II, an apolipoprotein 
found on HDL-C particles and thus facilitate the increased 
binding to VLDL [3] during pathogenesis. It has been now 
considered that high-throughput screening for small 
molecules as therapeutics can alter the ligand binding region, 
blocking the domain interactions in APOE4, thereby altering 
the functional characteristics in such that they would mirror 
to those of apoE3 [9, 15]. Therefore, interruption of N-
terminal domain interaction (ionic interaction between 
arginine -61 and glutamic-255) to change the binding 
preference of APOE4 from LDL, VLDL to HDL [15]; or by 
affecting lipidation can help APOE4 structural modification 
to portray APOE3 like molecule [23] can be a suitable 
approach for CAD therapeutics.  

The underlying precise mechanism by which APOE4 
contributes to CAD development is not proven till date, 
however, cholesterol efflux, an important part of reverse 
cholesterol transport (RCT) pathway, can be considered to 
play a central position [24]. Mechanisms on binding affinity 
of APOE to lipid have been kept forward since long but a 
possible model explaining the isoform difference has not 
been proposed yet [13] in relation to CAD. The pathological 
effects of APOE4 in relation to lipid metabolism could be 
referred to the hypolipidation state opposing the body’s 
physiological consequences and thus, becomes less effective 
in cholesterol efflux induction compared to APOE3 [23]. 
However, with prevailing evidences from studies, not a 
single and important pathway has been identified, so far, for 
the driving pathological effects of APOE4 in CAD. Studies 
discussed impairment of cholesterol efflux with APOE4 
accumulation in the endosomal compartments of the cells 
which leads to increase intracellular cholesterol production, 
owing to its preferentially binding and partition into 
chylomicron and VLDL. This assist for chylomicron and 
VLDL catabolism resulting in elevated LDL-cholesterol and 
therefore adversely accelerate atherosclerosis (Chou et al., 
2006) in CAD (Figure1). Chou et al. suggested that APOE4 
has more flexibility in retaining a bond with the LDL-R 
owing to its lack of disulphide bonds [25] and the higher 
affinity for lipid particles forms a complex that inhibit the 
release of cholesterol, downregulates the hepatic receptor 
resulting in an elevation of plasma cholesterol [3]. In 
diseased conditions when triacylglycerol-rich lipoprotein 
(TGRL), chylomicron remnants (CR), VLDL, and 
intermediate density lipoprotein (IDL) increases, it inhibit the 
cholesterol efflux from macrophages to APOA-I, that blocks 
the expression of APOE, along with ATP-binding membrane 
cassette transporter A1 (ABCA1) and, scavenger receptor B1 
(SR-B1) proteins. Thus, the free cholesterol within the cells 
and cholesteryl esters stored gets affected, lending as risk 
factors for coronary artery disease [24]. 
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Figure 1. Chylomicron, VLDL and LDL Metabolism in APOE4 isoform leading to impaired cholesterol efflux. The sketch of APOE4 mechanism in the lipoprotein 

metabolism towards CAD pathogenesis, through three pathways. The exogenous pathway: Chylomicrons (CM) are formed in the small intestine after enzymatic 

digestion of dietary food (triacylglycerol, cholesterol esters, phospholipids, vitamins-D, E, K, A). Entering the lymphatic circulation, they acquire APOE C-II from 

the circulating HDL to become the matured CM, which undergo hydrolysis by lipoprotein lipase (LPL) and form CM remnants (CMR). The free fatty acids (FFA) 

and triglycerides (TG) released from the hydrolysis is taken up the peripheral tissues, such as skeletal muscle and adipose tissues. CMR binds to cell surface 

receptors such as, low density lipoprotein (LDL) receptor (LDLR) or LDLR-related protein (LRP) and heparan sulfate proteoglycan (HSPG) pathways and 

undergo hepatic clearance. The endocytosis of CMR to Liver is facilitated by APOE receptors. The endogenous pathway: Liver synthesize and secretes very low-

density lipoproteins (VLDL) which are hydrolyzed by LPL and hepatic lipase (HL) to release of FFA and glycerol, taken up by the tissues. VLDL acquire APOE 

and APO C-I, II, III from hepatocytes or circulating HDL in blood circulation. Hydrolysis of VLDL results in the formation of intermediate density lipoprotein (IDL) 

and low-density lipoprotein (LDL) which contain APOB-100, for cellular functions. LDL becomes rich in CE; Under normal conditions, cholesterol regulation of 

the LDL-R prevents foam cell formation via LDL-R as 60% of matured LDL is taken by LDL-R in liver and 40% of mature LDL is taken by LDL-R to extrahepatic 

tissues leading to cholesterol accumulation in cells. In pathological conditions, intracellular cholesterol exceeds to release outside the cells called as cholesterol 

efflux, where, LDL-R expression decreases on the membrane as a result it could not accept or take into anymore LDL. Circulating raised LDL level leads to 

accumulation of cholesterol in vessels leading to atherosclerosis and CAD. The reverse cholesterol transport (RCT): the pathway through which accumulated 

cholesterol from peripheral tissues is transported to the liver through high density lipoproteins (HDL) containing APOE. N-HDL triggers cholesterol efflux in 

macrophages and fibroblasts that absorbs the cholesterol and esterified by LCAT. N-HDL becomes larger resulting in HDL3 (cholesteryl ester rich) and HDL2 

(phospholipid rich). PLTP can fuse HDL3 to form HDL2 and HL can process HDL2 and convert to HDL3. CETP facilitates delivery of cholesteryl esters to liver 

via LDL-R which converts to Bile salts and then eliminate through the GI Tract. 

APOE: Apolipoprotein-E; CM: chylomicron; CMR: chylomicron remnant; CE: cholesteryl ester; FFA: free fatty acids; TG: triglycerides; HDL: high density 
lipoprotein; N-HDL: nascent high density lipoprotein; HL: hepatic lipase; HSPG: heparan sulfate proteoglycan; VLDL: very low density lipoprotein; IDL: 
intermediate density lipoprotein, LDL: low density lipoprotein, LDL-R: low density lipoprotein receptor; LPL: lipoprotein lipase; LRP: low density lipoprotein 
receptor-related protein; RCT: reverse cholesterol transport; ER: endoplasmic reticulum; PLTP: phospholipid transfer protein; CETP: cholesterol ester transfer 
protein; LCAT: Lecithin cholesterol acyltransferase; SRB-1: scavenger receptor, class B type 1. 

The distinctive functional aspect of APOE4 owing to its 
structural difference from the other two isoforms, has created 
an absolute necessity to understand the underlying interaction 
of ligand-protein binding and excavate the molecular basis of 
the disease. Since the APOE4 genotype has been identified as 
a strong risk factor for CAD, the E4 isoform can be 
considered as a good target for CAD drug discovery. Till now 

there is no drug available to inhibit this protein or target the 
intra domain ionic interaction of APOE4. With very limited 
reference to the commercially accessible inhibitors for CAD, 
the present study aimed at identifying the potential 
therapeutic modulators by structure-based drug discovery 
(SBDD) method utilizing the 3D structural information of the 
biological target [26] and discover potential lead drugs for 
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CAD therapy. Computer aided drug design widely used 
efficient approach for the rapid identification, analysis, and 
characterization of drug-like candidates in target therapy [27]. 

2. Materials and Methods 

2.1. Sequence and Structure Comparisons 

The protein sequence of human Apolipoprotein E was 
retrieved in FASTA format from UniProt 
(https://www.uniprot.org/) database (UniProtKB - P02649) 
which is a 317 amino acid long precursor protein. The APOE 
protein sequence retrieved was analysed for the variants and 
subjected for sequence comparisons, using Basic Local 
Alignment Search Tool (BLAST) server of National Centre 
for Biotechnology Information (NCBI) 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) against Protein Data 
Bank (PDB) database (https://www.rcsb.org/). The protein-
protein BLAST analysis used the expected threshold value of 
0.05 and the word size 6 with Blosum-62 matrix. 

The accession IDs returned from the BLAST analysis were 
1LE4, 1B68, 6NCO, 1GS9, 2L7B, 1NFN, 1BZ4, 6CFE, 
6NCN. The PDB Ids 2L7B and 1B68 without mutation, 
showing high percentage of sequence identity, query 
coverage and the alignment score were selected for further 
comparison and analysis. The respective sequence and 
structures of the selected templates were searched in RCSB 
Protein Data Bank. 

Full length sequence of APOE4 was derived from the 
APOE3 sequence by substituting the amino acids at position 
130 (112 in mature protein) and position 176 (158 in actual 
protein). In literature, APOE protein sequence has been 
reported with two number schemes: a) 1 – 317, which also 
contains 18 amino acid signal peptides, in which, APOE4 is 
represented as ARG (130)/ARG (176) and b) 1 – 299, which 
does not include signal peptide, making APOE4 as ARG 
(112)/ARG (158). The differences among the APOE isoforms 
are summarised in the Table 1. 

Table 1. Summary of the differences among APOE isoforms. 

Differences APOE4 APOE3 APOE2 Reference 

Sequence differences w.r.t 
Residues at position 

112: Arginine 112: Cysteine 112: Cysteine 
[28, 29] 

158: Arginine 158: Arginine 158: Cysteine 
Domain Interaction Ionic Interaction between Arg-61 and Glu-255 Absent Absent [15]  
Binding Affinity APOE4 binds to large LDL and VLDL APOE3 and APOE2 bind to small HDL [9, 30, 31]  
Prevalence (Allelic Frequency) 14% 78% 7% [31]  
Clinical Association CAD, CVD, AD Normal Type-III Hyperlipoproteinemia [3]  

CAD: Coronary Artery Disease; CVD: Cardiovascular Disease; AD: Alzheimer Disease; E4: Apolipoprotein4; E3: Apolipoprotein E3; E2: Apolipoprotein E2; 
LDL: Low density lipoprotein; VLDL: Very Low-Density Lipoprotein; HDL: High Density Lipoprotein. Arg: Arginine amino acid; Cys: Cysteine amino acid. 

 

Figure 2. (a): APOE4 Model with zDOPE score as -0.24. Full length sequence of generated APOE4 with modification of Arginine residue at 130 and 176 

position, as the sequence retrieved from Uniport consisted first 18 residues for signal peptides. The Arginine residue in actual APOE4 protein is in 112 and 

158 respectively; (b): A representation of APOE4 and APOE3 structures. 

2.2. Homology Modelling 

The sequence for APOE4 was subjected for BLAST 
analysis followed by multiple sequence alignment with 2L7B 
and 1B68 and eventually to protein model building using 
Modeller 9.24 (https://salilab.org/modeller/). Homology 
modelling was performed using UCSF Chimera interface 
(https://www.cgl.ucsf.edu/chimera/) that enables an 
interactive visualization and analysis of molecular structures 

and related data. The final model (Figure 2) was selected 
based on the lower discrete optimized protein energy (DOPE) 
score which was -0.24. 

2.3. Structural Assessment 

The model generated in UCSF Chimera 1.14 was validated 
both on geometric and energetic scale using PROCHECK 
from PDBsum (https://www.ebi.ac.uk/thornton-
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srv/software/PROCHECK/) and Discovery Studio. This suite 
of program checks the stereo-chemical properties of the 
protein, analysed by the Ramachandran Plot, peptide bond 
planarity, non-bonded interactions, main chain hydrogen 
bond energy, C-α chirality and overall G factor. Model 

structure of APOE4 was further minimized using YASARA 
minimization server (http://www.yasara.org/) in presence of 
water as solvent to improve the side chain rotations [32]. The 
Ramachandran plot for the APOE4 model before and after 
energy minimization is shown in Figure 3. 

 

Figure 3. (a): The Ramachandran plot for the APOE4 generated model; (b): The Ramachandran plot for the APOE4 models after energy minimization. 

2.4. Preparation of Target Structure 

APOE4 structure was prepared by adding hydrogen atoms 
were with hydrogen bond network optimization. Charges for 
standard residues were calculated using Amber 14SB force 
field and for ligands Gasteiger charges were used [33]. 

2.5. Selection of Ligands 

Stabilizers: A study on NMR-based fragment screening 
and various other biophysical methods on APOE4 reported 
potential stabilizers [10], based on which, substructure search 
was performed. Similar structures containing stabilizers as 
their substructures were searched in the PubChem Database 
(https://pubchem.ncbi.nlm.nih.gov/) and identified total of 77 
compounds. The structures of the eight stabilizers were also 
retrieved using ChemAxon Marvin Sketch 
(https://chemaxon.com/products/marvin). 

Drugs: Various classes of drugs used in the treatment of CAD, 
including angiotensin-converting enzyme (ACE) inhibitors, beta 
blockers, bile acid sequestrates, cholesterol absorption inhibitors, 
factor Xa inhibitors, peripheral vasodilators, platelet aggregation 
inhibitors and statins were studied. The 3D conformers of the 
drugs were collected from the PubChem database and subjected 
for pre-docking processing. 

Bioactive Molecules: Molecules from ChEMBL 
(https://www.ebi.ac.uk/chembl/) were also added to the list of 
compounds to test based on their bioactivity against APOE4 
protein. The molecules retrieved were studied by western blot 
for inhibition of apoE4 expressed in Neuro2a cells and in rat 

PC12 cells assessed as reversal of mitochondrial impairment 
[34]. 

2.6. Molecular Docking Simulations 

Molecular docking is widely used for predicting the 
binding affinities for a number of ligands. In the present 
study, docking was performed with AutoDock Vina version 
1.1.2 [35]. All the ligand molecules were geometry optimized 
and energy minimized by Open Babel (http://openbabel.org) 
module using MMFF94 force field [36] prior to docking. 
Binding site for docking, provided as a search volume, was 
derived from the co-crystallized stabilizer structures from 
PDB. Dimensions of the grid box were 28 x 26 x 28 with grid 
spacing of 1Å. Lowest energy conformations were chosen for 
further investigation. This procedure was applied to all the 
ligands and the selected conformations were analysed with 
receptor structure for interaction analysis. Docking for 
APOE3 as the receptor molecule was also performed using 
AutoDock Vina, with the grid dimension as 28 x 26 x 28 with 
grid spacing of 1 Å. The ligand conformation which showed 
the lowest docked energy (binding affinity) was chosen and 
compared with that of APOE4, as shown in Table 2. 

3. Results 

Sequence alignment of target and template sequences 
performed by NCBI protein-protein BLAST analysis 
estimated the matches and similarity score. Among the 
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accession IDs returned, the PDB IDs 2L7B (APOE3 of 307 
amino acid) showed 98.33% percent identity and 94% query 
coverage and 1B68 (APOE4 of 191 amino acid) showed 
percentage identity of 99.48% and query coverage of 60% 
only. The full-length generated APOE4 sequence was 
compared with 2L7B and 1B68 by multiple sequence 
alignment tool and modelled by homology to generate a good 
quality model. Model scores derived from statistical 
potentials included z-DOPE score as -0.24; estimated root-
mean-square deviation (RMSD) was 5.097 for the model. 
The structural assessment results for the 3D model showed 
87.9% residues in most favoured region and only 0.7% 
residues in disallowed regions by Discovery Studio. The 
model validation was evaluated by Ramachandran Plot for 
the generated model as well as for the model which 
undergone energy minimization in presence of solvent as 
shown in Figure 3 a & b. 

Results obtained on docking of 118 ligands with APOE4 
compared to APOE3 showed different binding affinities, as 
shown in Table 2. Among various ligands, binding affinity of 
the substructure search for the SMILES: 
N=C(N)C1(CCC1)C2=CC(Cl)=CC=C2 showed better 
binding affinity towards the target protein. The highest 
binding affinity exhibited by Ligand75_75 for APOE4 was -
8.6 kcal/mol. The dynamic structure of APOE3 undergoes 
domain interaction, but to a significantly lesser degree than 

APOE4 [34] and hence differential binding affinities 
exhibited when docked with the two receptor molecules. 
Among all the compounds docked against the target protein, 
the ones which showed a differential binding affinity of 1 
kcal/mol were selected for further investigations. 
Substructure viz, Ligand75_24 showed an affinity of -7.9 
kcal/mol to APOE4 whereas that for APOE3 is -6.8 kcal/mol. 
The same is also observed with Ligand75_37 showing -7.9 
kcal/mol with APOE4 and -6.7 kcal/mol for APOE3. 
Ligand75_49 shows affinity of -7.8 kcal/mol and -6.7 
kcal/mol for APOE4 and APOE3 respectively whereas 
Ligand75_76 showed binding affinity of -7.7 kcal/mol and -
6.7 kcal/mol for APOE4 and APOE3 respectively. 

The receptor-ligand interactions were analysed using 
Discovery Studio showed the amino acid residues. 
Ligand75_24 showed hydrogen bonding with arginine 33 
with glutamic acid at 37 and also involved in hydrophobic 
interactions (Figure 4). Glycine at 49 of the same ligands 
interacted through hydrogen bonding with glutamic acid at 
45. The Ligand75_37 had its hydrogen bonding through 
arginine at 33 and Glycine at 49, whereas Tryptophan 52 and 
Leucine 167 showed hydrophobic interactions. Ligand75_49 
had hydrogen bonding interactions from arginine at 33 to 
glycine at 49. Hydrophobic interactions for Ligand75_76 
included tryptophan at 52 position and arginine at 33 position 
and leucine at 32, 48 and 167 position (Figure 4). 

 

Figure 4. (a): Receptor-ligand interactions visualized using discovery studio showing the amino acid residues interacting through hydrogen bonds with 

APOE4 receptor; (b): Receptor-ligand interactions visualized using discovery studio showing the amino acid residues interacting through hydrogen bonds 

with APOE3 receptor. 

The most effective lipid-lowering drugs usually selected as 
the first-line therapy to lower total cholesterol (TC) and low-
density lipoprotein cholesterol (LDL-C) and increase the 
level of high-density lipoprotein cholesterol (HDL-C) are the 
statins [37] and widely prescribed for coronary heart disease. 
Simvastatin, a commonly used cholesterol lowering agent 
showed a binding affinity of -7.5 kcal/mol while Lovastatin, 
Pitavastatin and Cholestyramine showed an affinity of -7.3 
kcal/mol. The well-known drug Rivaroxaban, is a direct 
inhibitor of the coagulation factor Xa with anticoagulant 
activity showed -7.0 kcal/mol; Ezetimibe, a cholesterol 
absorption inhibitor with lipid-lowering activity and 
Carvedilol, a nonselective beta-adrenoceptor blocking agent 

showed binding affinity of -7.4 kcal/mol (NCBI PubChem.). 
Interestingly, the affinity of the bioactive molecule viz, 
Ligand_chEMBL1 showed higher affinity for APOE3 (-10.7 
kcal/mol) compared to APOE4 (-7.4 kcal/mol) in the present 
study, supporting that the ApoE3 and apoE4 bind equally 
well to the receptors, due to its positively charged arginine 
rich residues in the LDL receptor−binding region [34]. 

Pharmacophore detection shared by selected input ligand 
molecules (Ligand75_24, Ligand75_37, Ligand75_49, 
Ligand75_76, Ezetimibe drug) was checked by PharmaGist 
(http://bioinfo3d.cs.tau.ac.il/PharmaGist/) which is a ligand-
based method [38]. Ezetimibe, a drug used in the treatment of 
CAD, shown to have significant improvement in lipid and 
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lipoprotein profile (TC, LDL-C, triglycerides and HDL-C) in 
patients with APOE3 and APOE4 genotypes [39]. 
Pharmacophore mapping of the selected ligands showed 

shared pharmacophore features between the 4 ligands and the 
Ezetimibe drug, containing 2 hydrophobic contacts and 2 
hydrogen bond donors as shown in Figure 5. 

Table 2. Differential binding affinities of APOE4 and APOE3 with various ligands. 

Sl. 

No. 
Ligand Type Drug Compounds Compound CID 

APOE4: Affinity 

(kcal/mol) 

APOE3: Affinity 

(kcal/mol) 

1 

Statins 

Simvastatin 54454 -7.5 -7.1 
2 Lovastatin 53232 -7.3 -7 
3 Pitavastatin 5282452 -7.3 -6.6 
4 Fluvastatin 446155 -6.9 -6.5 
5 Rosuvastatin 446157 -6.7 -6.7 
6 Cerivastatin 446156 -6.6 -5.5 
7 Atorvastatin 60823 -5 -6.2 
8 

Platelet Aggregation Inhibitors 
Clopidogrel 115366 -6.9 -6.4 

9 Prasugrel 6918456 -6.2 -7.3 
10 Ticagrelor 9871419 -6 -8.1 
11 Peripheral Vasodilators Isoxsuprine 3783 -6.7 -6.7 
12 Factor-Xa inhibitors Rivaroxaban 9875401 -7 -6.9 
13 Aspirin Aspirin 2244 -6 -5.6 
14 Cholesterol Absorption Inhibitors Ezetimibe 150311 -7.4 -6.6 
15 Calcium channel blockers Amlodipine 2162 -6.1 -5.6 
16 

Bile acid sequestrates 
Cholestyramine 70695641 -7.3 -7 

17 Colestipol 62816 -4.7 -4.1 
18 

Beta Blockers (Cardio selective) 

Atenolol 2249 -6.3 -6.1 
19 Acebutolol 1978 -6.4 -6.8 
20 Betaxolol Hydrochloride 107952 -5.4 -6.3 
21 Esmolol 59768 -5.6 -6.6 
22 Bisoprolol 2405 -6 -6 
23 Metoprolol 4171 -5.2 -6.1 
24 Nebivolol 71301 -6.8 -7.8 
25 

Beta Blockers (Non-Cardio 
selective) 

Carvedilol 2585 -7.4 -7.9 
26 Propranolol 4946 -6.6 -7.3 
27 Nadolol 39147 -6.1 -6.6 
28 

Angiotensin Converting Enzyme 
Inhibitors 

Lisinopril 5362119 -5.7 -6.5 
29 Perindopril 107807 -5.6 -7.1 
30 Enalapril maleate 5388961 -6.7 -6.6 
31 Antilipidemic activity Probucol 4912 -4.4 -6.2 

 

Sl. No. Ligand Type ChEMBL Compound CID Affinity (kcal/mol) Affinity (kcal/mol) 

32 
Bioactive Molecules 

Ligand_chEMBL1 71453773 -7.4 -10.7 
33 Ligand_chEMBL2 71451956 -4.4 -8.6 

 

Sl. No. Ligand Type 8 SMILES Molecules (6NCN) Compound CID Affinity (kcal/mol) Affinity (kcal/mol) 

34 

Stabilizers (8 SMILES 
Molecules) 

Ligand_75_S1 83673143 -6.3 -5.5 
35 Ligand_75_S2 155530661 -7.2 -7 
36 Ligand_75_S3 137796780 -7.3 -7.5 
37 Ligand_75_S4 155563897 -7.4 -7.6 
38 Ligand_75_S5 155552638 -6.3 -7.2 
39 Ligand_75_S6 155557185 -7.3 -7.7 
40 Ligand_75_S7 155511476 -7.3 -7.6 
41 Ligand_75_S8 155538646 -6.5 -7.5 

 

Sl. No. Ligand Type Substructures: (PubChem) Compound CID Affinity (kcal/mol) Affinity (kcal/mol) 

42 

Stabilizers 

Ligand_2 137796780 -8.1 -8.2 
43 Ligand_3 137796780 -8.1 -8.3 
44 Ligand75_1 10247276 -7.3 -8 
45 Ligand75_2 25069649 -5.6 -7.2 
46 Ligand75_3 25069962 -7.6 -8.4 
47 Ligand75_4 25070609 -7 -7.5 
48 Ligand75_5 25070939 -6.8 -8 
49 Ligand75_6 25074052 -6.2 -7.9 
50 Ligand75_7 71652008 -7.2 -7.2 
51 Ligand75_8 83673143 -6.4 -5.9 
52 Ligand75_9 84698188 -6.9 -6.4 
53 Ligand75_10 137305282 -7.1 -7.2 
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Sl. No. Ligand Type Substructures: (PubChem) Compound CID Affinity (kcal/mol) Affinity (kcal/mol) 

54 Ligand75_11 137463491 -7.2 -7.8 
55 Ligand75_12 137463699 -7.6 -8.5 
56 Ligand75_13 137796780 -7.1 -8.3 
57 Ligand75_14 138031465 -7.1 -7.3 
58 Ligand75_15 138031466 -7.6 -7.5 
59 Ligand75_16 138057600 -8.3 -7.9 
60 Ligand75_17 138057601 -7.1 -7.7 
61 Ligand75_18 138057602 -7 -7.8 
62 Ligand75_19 138057603 -7.3 -7.6 
63 Ligand75_20 138562467 -8.5 -8 
64 Ligand75_21 138562510 -7.2 -7.2 
65 Ligand75_22 138958427 -6.5 -6.3 
66 Ligand75_23 139019248 -7.7 -7.7 
67 Ligand75_24 142460690 -7.9 -6.8 
68 Ligand75_25 142460705 -7.1 -6.5 
69 Ligand75_26 142562612 -7.1 -7.1 
70 Ligand75_27 142562630 -6.9 -7.4 
71 Ligand75_28 142562682 -7 -6.1 
72 Ligand75_29 142562709 -7.6 -8 
73 Ligand75_30 146141361 -7.9 -7.7 
74 Ligand75_31 146141362 -8.2 -8.1 
75 Ligand75_32 146338613 -6.3 -7.1 
76 Ligand75_33 146338617 -7 -6.8 
77 Ligand75_34 146338620 -7.6 -7.2 
78 Ligand75_35 146339191 -8.5 -8 
79 Ligand75_36 146339194 -7.4 -7.6 
80 Ligand75_37 146339197 -7.9 -6.7 
81 Ligand75_38 146339202 -6.9 -6.4 
82 Ligand75_39 146339206 -6.9 -6.3 
83 Ligand75_40 146339273 -8.1 -7.6 
84 Ligand75_41 146339282 -7.5 -7.2 
85 Ligand75_42 146397888 -7.1 -7 
86 Ligand75_43 146397891 -7.1 -6.8 
87 Ligand75_44 146554412 -6.8 -6.3 
88 Ligand75_45 146554970 -7.5 -6.9 
89 Ligand75_46 146913416 -8 -7.6 
90 Ligand75_47 146913417 -7.5 -7.6 
91 Ligand75_48 147247623 -7.9 -7.3 
92 Ligand75_49 147376339 -7.8 -6.7 
93 Ligand75_50 148522261 -8.3 -7.8 
94 Ligand75_51 148522262 -7.8 -7.7 
95 Ligand75_52 148573371 -7.3 -7.7 
96 Ligand75_53 148612228 -7.8 -7 
97 Ligand75_54 148682208 -6.7 -7.2 
98 Ligand75_55 149083515 -7.6 -7.6 
99 Ligand75_56 149098587 -5.5 -7.6 
100 Ligand75_57 149167604 -7.5 -7.8 
101 Ligand75_58 150986721 -4.3 -8.3 
102 Ligand75_59 152830472 -7.1 -7.5 
103 Ligand75_60 152932806 -7.7 -7.6 
104 Ligand75_61 153073664 -7.9 -7.8 
105 Ligand75_62 153593082 -6.5 -6.1 
106 Ligand75_63 153593083 -6.6 -6.1 
107 Ligand75_64 154632196 -7.6 -7.5 
108 Ligand75_65 154632201 -7.7 -7.2 
109 Ligand75_66 154632202 -7.3 -7 
110 Ligand75_68 154632210 -6.7 -7.6 
111 Ligand75_69 154632212 -3.9 -7 
112 Ligand75_70 154632215 -4.7 -8.1 
113 Ligand75_71 154632216 -7.6 -7.3 
114 Ligand75_72 154632217 -7.3 -7.3 
115 Ligand75_73 154632220 -7 -7.4 
116 Ligand75_74 154632223 -6.4 -7.2 
117 Ligand75_75 154781523 -8.6 -8.1 
118 Ligand75_76 154857169 -7.7 -6.7 

 
 



 Journal of Drug Design and Medicinal Chemistry 2021; 7(2): 27-38 35 
 

 

 
Figure 5. Pharmacophore mapping of the selected ligands viz, Ligand75_24, 

Ligand75_37, Ligand75_49, Ligand75_76 and Ezetimibe drug. Magenta 

spheres – Hydrophobic; Grey spheres – Hydrogen bond donor. 

4. Discussion 

The aim of molecular docking is the precise prediction of 
the structure of ligand within the receptor binding site and 
correctly estimate the strength of binding. To investigate the 
effective drugs for CAD, various compounds and 
substructures against the targets for CAD was studied 
utilizing molecular docking. It is well known that there is no 
exact treatment to prevent or cure CAD, currently, there are 
several approved drugs alone or in combination that have 
been used to reduce symptoms and briefly improve the 
condition. The present study aimed at evaluating all the 
existing drugs molecules and compounds as ligands against 
the APOE4, a potential predictor for CAD. Among the drugs, 
Ezetimibe has been earlier studied and found to be used in 
the treatment of hypercholesterolemia [40] and is effective 
for lowering LDL-C and non-HDL-C as monotherapy or in 
combination with statins [41]. In the present study, the drug 
had a binding affinity of -7.4 kcal/mol to APOE4, presenting 
its candidature. Effects of the combination of drugs like 
rivaroxaban and aspirin were also tested in patients with 
stable CAD or peripheral artery disease (PAD) [42]. 
Rivaroxaban reported with -7.0 kcal/mol affinity to APOE4 
in the present study and the drug is under a recent 
randomized clinical trial among patients with atrial 
fibrillation and stable coronary artery disease [43]. 

The differential binding energies exhibited from the 
docking indicated side chain stabilization or backbone 
dynamics that included the interactions mediated by 
hydrogen bonds and hydrophobic bonds. Among all the 
ligands studied, four substructures of ligands named as 
Ligand75 showed the most favourable binding affinity 
towards APOE4. The receptor and ligand interaction 
exhibited mostly arginine residues for hydrogen bonding; 
hydrogen bonding being reported to promote high-affinity 
receptor-ligand interactions, a principle important for drug 
design research [44]. Our study found arginine, a positively 
charged amino acid involved in salt-bridge formation with 
negatively charged glutamic acid creating stabilising 

hydrogen bonds. This indicates the probable activity of the 
amino acid for the protein to bind to LDL-receptor. Studies 
suggested that the preferential binding of APOE4 to VLDL 
and APOE3 to HDL depends on the molecular basis of APOE 
isoform which rests in region from 261–272, involved in 
lipid binding. Residues in peptides 15–30, 116–123, and 
271–279 show greater exchange in APOE4 relative to 
APOE3, suggesting greater dynamic motion [9]. 

The interactions between the ligand and target protein 
could predict the ligand binding-conformation through 
differential binding affinities, which is influenced by non-
covalent intermolecular interactions such as hydrogen 
bonding, electrostatic interactions, hydrophobic and Van der 
Waals forces between the two molecules [45, 46] and this is a 
key to understand the driving biological processes, structural 
biology, and structure-function relationships [47]. The 
hydrogen bonding and ionic terms are both dependent on the 
geometry of the interaction, with large deviations from ideal 
geometries being penalised. The binding affinities calculated 
for studied Ligands docked to the 3D structures of APOE4 
and APOE3 showed 1 kcal/mol difference in binding 
between these receptor variants, reported in Table 2. A 
change of around 1.4 kcal/mol in the free energy corresponds 
to a tenfold change in the free energy of binding [48]. 
Pharmacophore detection, fundamental to understand 
molecular interactions, serves as an ideal layout in novel drug 
design studies [38]. The selected ligands in the current 
investigation indicated common features distributed in the 
3D space suggesting Ligand75 modulators hold significant 
interactions and can be candidate leads for drug development. 

Holloway et al. explained the pharmacodynamics of the drug-
receptor properties as distinctive that indicates saturability, 
selectivity and the binding affinity. Saturability as the 
concentration of drug molecules occupying the maximum 
number of binding sites in the receptor. The degree to which a 
receptor binds with a specific drug is called receptor selectivity 
that depends on the receptor and on the size, shape, and 
bioelectrical charge of the drug. The strength of the interaction 
between the receptor and the drug molecule is the binding 
affinity, that occur by intermolecular forces, such as ionic bonds, 
hydrogen bonds and Van der Waals forces and this has a 
fundamental role in drug development. High-affinity ligand 
binding results indicate that a receptor require a lower drug 
concentration for full saturation. This can be understood from 
the concept of agonists and antagonists that could bind to the 
same receptor but differ in their affinity as high affinity agonist 
and low affinity antagonist could lead to an overwhelming drug 
effect [49]. Ligands with weaker binding affinities can be 
characterized by their high dissociation rates and transient 
interactions with the target molecule [50]. 

The present study reported binding affinities of various 
classes of ligands to APOE4 and APOE3 predicted by the 
docking which suggests arginine residue with hydrogen bonding 
and hydrophobic interactions might affect the LDL receptor 
binding site of the APOE4, indicating distinctive lipid and 
lipoprotein binding activities. Although binding affinity data 
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alone does not determine the overall potency of a drug but in the 
present study the selected ligands identified does reflect a 
candidature for its efficacy, which needs further investigations 
on the molecular dynamics. It can also be said that the altered 
structural conformation of APOE4 influenced by intramolecular 
domain interaction contributes to differential binding affinities 
and hence, a probable answer to APOE4 as a contributing factor 
towards CAD pathogenesis. 

5. Conclusion 

Molecular modelling and docking are a promising aspect of 
drug discovery given the time frame required to investigate 
possible therapeutics in CAD. The present study has predicted 
the protein–ligand binding affinities indicating that receptor 
binding abilities of APOE4 can lead to have insights on 
structural conformity of APOE4 and its correlated functional 
aspects. Docking studies revealed the mode of binding and the 
binding energy data presented a good picture of ligands’ affinity 
and fitting inside the binding pocket of APOE4. However, more 
investigations on these bindings are required to improve and 
understand drug-receptor interactions. The selected Ligand75 
modulators could be potential leads to evolve as candidate drug 
candidates against APOE4 in the treatment of atherosclerosis in 
CAD. Further analysis of the variation of the docked protein 
structure, molecular dynamic simulation can be performed to 
generate a dynamic structure for binding analysis. 
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