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To investigate the binding of human CD40 ligand (CD40L) mimetic molecule, 3-(dimethylamino)-1-phenyl-1-propanone hydrochloride (3-DPH), 
with CD40 receptor (CD40R) molecules of Homo sapiens, Cavia porcellus, Cricetulus griseus, Macaca mulatta, Mus musculus, Oryctolagus cuniculus, 
Papio anubis and Rattus norvegicus species using bioinformatics tool.

Three-dimensional structures of CD40Rs and CD40Ls for various mammalian species were generated using the published crystal 
structure of human CD40 receptor-ligand complex by homology modelling using SWISS-MODEL tool. Furthermore, human CD40L mimetic molecule, 3-
DPH was docked against the generated CD40R of various 
mammalian species using AUTODOCK 4.2. 

Docking studies revealed that documented HIS78 and 
GLN79 residues of human CD40R were the key interaction 
residues, which interacted with human CD40L and 3-DPH. The 
CD40Rs of H. sapiens, C. porcellus, C. griseus, M. mulatta, M. 
musculus, O. cuniculus, P. anubis, and R. norvegicus bind with 
3-DPH with a binding energy -4.67, -5.22, -5.19, -4.62, -4.85, -
4.63, -4.51, and -4.86 kcal/mol, respectively.

Molecular docking studies provide crucial 
insight into the binding affinity and interaction of 3-DPH at the 
active site of CD40R of the respective mammalian species. O. 
cuniculus and M. musculus species were found to be 
appropriate animal models for further evaluation of the 
therapeutic effect of human CD40L mimetic molecule.
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Materials and Methods

CD40R and CD40L sequence analysis: The FASTA sequence 
of CD40L and CD40R proteins of H. sapiens (Human; Acc. No.: 
Ligand: NP_000065.1, Receptor: EAW75762.1), C. porcellus 
(Guinea pig; Acc. No.: Ligand: XP_003464759.1, Receptor: 
XP_013005826.1), C. griseus (Hamster; Acc. No.: Ligand: 
XP_027289243.1, Receptor: XP_003500573.1), M. mulatta 
(Rhesus monkey; Acc. No.: Ligand: NP_001028011.1, Receptor: 
EHH19629.1), M. musculus (Mouse; Acc. No.: Ligand: 
NP_035746.2, Receptor: AAB08705.1), O. cuniculus (Rabbit; 
A c c .  N o . :  L i g a n d :  N P _ 0 0 1 2 4 3 7 1 0 . 1 ,  R e c e p t o r :  
XP_002721245.1), P. anubis (Baboon; Acc. No.: Ligand: 
XP_003918394.1, Receptor: NP_001306202.1), and R. 
norvegicus (Rat; Acc. No.: Ligand: NP_445805.1, Receptor: 
NP_599187.1) were obtained from the National Centre for 
Biotechnology Information (NCBI, USA). Multiple sequence 
alignment and phylogenetic tree construction were carried out for 
CD40R and CD40L sequences using Clustal Omega webform: 
https://www.ebi.ac.uk/Tools/msa/clustalo/ (Sievers et al., 2011; 
Patnaik et al., 2019) to find the sequence and active site residue 
similarity across H. sapiens, C. porcellus, C. griseus, M. mulatta, 
M. musculus, O. cuniculus, P. anubis and R. norvegicus. 

Various mammalian species receptor and ligand modelling: 
CD40R and CD40L structures for the selected mammalian 
species were not available at RCSB Protein Data Bank 
(http://www.rcsb.org/). Hence, the human CD40 receptor-ligand 
(CD40-CD154) complex (PDB ID:3QD6), which is identical to 
CD40R of various mammalian species, were selected for further 
studies. In 3QD6, residues 126-131 and 146-190 of CD40R were 
not included due to poor visibility in the electron density map. 
However, conserved active site residues were not part of the 
missing region. The 3D structure of CD40R and CD40L of various 
mammalian species were modelled using the SWISS-MODEL 
server in SIB Bioinformatics Resource Portal. The complete 
CD40 receptor and ligand amino acid sequence of various 
mamma l i an  spec i es  we re  r e t r i e ved  f r om  NCBI  
(https://www.ncbi.nlm.nih.gov/). The sequence similarities were 
performed to identify homologs using Clustal Omega 
(https://www.ebi.ac.uk/Tools/msa/clustalo/). For homology 
modelling, CD40-CD154 co-crystal structure (3QD6) chain R and 
chain A were selected as a template.

Molecular docking: Molecular docking was carried out to study 
the binding mode of ligands at the active site of CD40R. 
AUTODOCK 4.2 (The Scripps Research Institute, USA) was used 
to calculate the free energy of atoms binding between the CD40R 
of various mammalian species and CD40L mimetic molecules 
(Goodsell and Olson, 2000; Morris et al., 1996; Morris et al., 
1998). A 5Å grid was built surrounding the binding pockets formed 
between the various mammalian species CD40R and their ligand, 
human CD40L and 3-DPH mimetic molecule. Three-dimensional 
grids of interaction energy for all possible atom types that were 
already present in the AUTODOCK default parameter set was 
calculated. These grid maps were of dimension 60x60x60 points, 
with the spacing of 0.375Å yielding a receptor model that included 
atoms within 0.5Å of grid centre. The Lamarckian Genetic 
Algorithm was opted to search for the best conformers. During 
docking, an empirical AUTODOCK scoring function was 
determined as described by Park et al. (2014). At the end of 
docking, molecular interactions between the ligand and receptor 

Introduction

Interaction of CD40 ligand (CD40L) with CD40 receptor 
(CD40R) plays a significant role in humoral and cellular immune 
responses (Kawabe et al., 2011; Kooten and Banchereau, 
1996). Selective stimulation or inhibition of immune response 
by this molecule provides an opportunity for the development of 
immunotherapeutic agents to treat pathogenic disease and 
immunological disorders (Durie et al., 1994; Yi and Bishop, 
2015). Studies demonstrated that engagement of CD40R with 
CD40L induces activation and proliferation of B cells (Brenner 
et al., 1998), which augments the immune response. Croft et al. 
(2013) reported that blocking CD40R-CD40L interaction 
showed high efficacy in experimental models and clinical trials 
of immunological disorder.

Also, clinical studies on the inhibition of CD40R-CD40L 
interactions using monoclonal antibodies (Imai et al., 2007) and 
ligands (Silvian et al., 2011) exhibited a promising outcome for 
immunological diseases (karpusas et al., 1995). However, 
prolonged inhibition by these monoclonal antibodies and ligands 
leads to thrombolytic complications (Koyama et al., 2004; Kawai 
et al., 2000). Therefore, further studies of these therapeutic 
compounds are underway to refine these molecules (Couzin, 
2005). Peptidomimetics is another custom-designed antigenic 
peptide mimetic molecule which aid in blocking the costimulatory 
pathway. Fournel et al. (2005) developed a small C3-symmetric 
CD40L mimetic molecule. However, CD40L peptidomimetics 
suffer from low binding (Allen et al., 2005; Kitagawa et al., 2005).

Therefore, studies on organic non-peptide mimetic 
molecules show biological activities similar to that of the original 
compound is an active area of research for finding potent drugs 
(Guarnieri, 2015; Franz, 2007; Galloway et al., 2010). With this 
purpose, three organic human CD40L mimetic molecules, namely 
NSC25:  Benzoyl(trimethyl)-5-azane (ABTC), NSC76: N-
Benzhydryl benzamide (NBB) and NSC89: 3-(Dimethylamino)-1-
phenyl-1-propanone hydrochloride (3-DPH) (Vani and 
Sivanandham, 2008) were computationally designed. These 
compounds have reported augmenting the immune response by 
switching immunoglobin type IgM to IgG and to induce in vitro 
proliferation of human B cells (Vani et al., 2014). Of these 
compounds, 3-DPH is known as mono mannich bases reported 
with anti-microbial activity, anti-cancer activity, and other medical 
applications (Roman, 2015). 

Further, in vitro and in-vivo studies are needed to 
evaluate the therapeutic potential of this human CD40L mimetic 
molecule. Prior to in-vitro and in-vivo studies, it is prudent to 
perform molecular docking analysis to identify the active site 
residues and their key interactions in determining appropriate 
species for further investigation of human CD40L mimetic 
molecule. In view of the above, this study aimed to understand 
the interaction of human CD40L mimetic molecule, 3-DPH with 
CD40R molecules of Homo sapiens, Cavia porcellus, 
Cricetulus griseus, Macaca mulatta, Mus musculus, 
Oryctolagus cuniculus, Papio anubis and Rattus norvegicus 
species using molecular docking approach. 
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C. griseus, M. mulatta, M. musculus, O. cuniculus, P. anubis, 
and R. norvegicus were retrieved from NCBI. 

Human CD40R has three domains, namely 
extracellular, cytoplasmic, and transmembrane domains 
containing 173, 62, and 42 amino acids. Among them, the 
extracellular domain of CD40R is mainly involved in the 
interaction with CD40L. Therefore, the residues involved in 
CD40R-CD40L interaction (higher than 5Å and less than 7Å) 
were THR70, TRP71, ASN72, ARG73, GLU74, HIS76, CYS77, 
HIS78, GLN79, TYR82, ASP84, ASN86, THR112, GLU114, ALA 
115, GLU117, SER118 of CD40R interacts with ARG203 and 
ARG207 of CD40L (van Kooten and Banchereau, 2000). 
Analysing CD40R amino acid sequence across these 
mammalian species leads to the identification of common 
conserved site residues and conserved active site residues.

Homology modelling predicts three-dimensional protein 
structures by using sequence similarity with its homologous 
template protein sequence. The safe zone for homology 
modelling is a prediction of the protein structure with less than 150 
residues and sequence identity higher than 50% (Krieger et al., 
2003). For homology models, where sequence identity was 
between 50% and 90%, the root−mean−square deviation of the 
atomic coordinates (RMSD) can be around 1.5 Å (Venselaar et 
al., 2009). Therefore, the choice of mammalian species 
having the best sequence and active site similarity were 
identified and selected for homology modelling. From the 
alignment, the corresponding CD40R active site residues 
similarity percentage were 78%, 61%, 89%, 78%, 94%, 89% 
and 72% for C. porcellus, C. griseus, M. mulatta, M. musculus, 
O. cuniculus, P. anubis, and R. norvegicus, respectively with 
human CD40R. Active site residues of human CD40L were 
similar across the various mammalian species.

were analysed, and their docked conformations were studied 
using PyMol (https://pymol.org/2/). The interactions of CD40R-
CD40L conformations, including hydrogen bonds and bond 
lengths, were analysed using PyMol software. Furthermore, the 
best conformation was determined using the lowest docked 
energy during docking search.

Results and Discussion

A multiple sequence alignment of amino acid sequence 
of the CD40 receptor and ligand across various mammalian 
species was analysed using Clustal Omega. The CD40R 
sequence of H. sapiens, C. porcellus, C. griseus, M. mulatta, M. 
musculus, O. cuniculus, P. anubis, and R. norvegicus showed a 
sequence similarity of 100%, 67%, 60%, 92%, 61%, 69%, 92% 
and 59% with 3QD6 R chain, respectively. The evolutionary 
relationship of CD40R and CD40L sequences across the 
mammalian species were analysed using a phylogenetic tree. 
Fig. 1A depicts the evolutionary relationship of CD40R amino 
acid sequence across the mammalian species.

Fig. 1B depicts the phylogenetic tree illustrating the 
evolutionary relationship of CD40L amino acid sequence of 
various mammalian species with CD40L of H. sapiens. The 
CD40L sequence of H. sapiens, C. porcellus, C. griseus, M. 
mulatta, M. musculus, O. cuniculus, P. anubis, and R. 
norvegicus showed a sequence similarity of 100%, 84%, 74%, 
98%, 77%, 66%, 98% and 76% with 3QD6 A chain, respectively. 
The CD40 receptor and ligand phylogenetic tree revealed a 
clear demarcation into two clades from the respective eight 
input sequences. The results showed that all the CD40R and 
CD40L sequences across various mammalian species are 
evolutionarily related to each other. CD40R amino acid 
sequence of the mammalian species H. sapiens, C. porcellus, 

Fig. 1: Phylogenetic analysis across mammalian species such as H. sapien, C. porcellus, C. griseus, M. mulatta, M. musculus, O. cuniculus, P. anubis 
and R. norvegicus (A) CD40 receptor (B) CD40 ligand (Tree scale: 0.01). The 0.01 reference scale marks 1% estimated sequence variance.
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In the present study, 3-DPH, a human CD40L mimetic 
molecule, was subjected to docking with CD40R of H. sapiens, C. 
porcellus, C. griseus, M. mulatta, M. musculus, O. cuniculus, P. 
anubis, and R. norvegicus using AUTODOCK. Among the 
previously reported active site residues, histidine and glutamic 
acids made significant bonds with key residues in the ligand 
molecules to which the importance is very much explored (Vani 
and Sivanandham, 2008; van Kooten and Banchereau, 2000; 
Singh et al., 1998). The major interacting sites and binding 
energy of CD40R of the selected mammalian species, when 
interacting with its respective CD40L and human CD40L, are 
listed in Table 1. Docking results showed that CD40R-CD40L 
interaction of H. sapiens occurred through HIS78 of CD40R and 

-1ARG203 of CD40L with a binding energy of -3.81 kcal mol . 
Similar amino acid-mediated interactions were observed in 
CD40R of M. mulatta and O. cuniculus with their respective 
ligands. Likewise, the CD40R of M. musculus and P. anubis 

interacts with the same residue against human CD40L. Thus, 
this data suggests that the CD40R-CD40L interaction of M. 
mulatta, M. musculus, O. cuniculus and P. anubis showed the 
highest similarity with H. sapiens.

Interacting sites and binding energy for 3-DPH with CD40 
receptors of H. sapiens and other mammalian species are listed in 
Table 2. Among the interactions, an aromatic motif of histidine in 
the receptor is known for its peculiar interactions in proteins (Liao 
et al., 2013). The low binding energy indicates stable nature and 
effective binding interactions of the receptor with the ligand 
molecule. Similarly, a negative docking score is associated with 
minimum energy that predicts an effective docking of the receptor 
and ligand. 3-DPH interacts with H. sapiens CD40R at HIS78 and 
GLN79 (Fig. 2A) using oxygen atom of carbonyl group with 

-1binding energy -4.67 kcal mol . Similar binding interactions were 

Fig. 2: Interaction of human CD40L mimetic molecule, 3-(dimethylamino)-1-phenyl-1-propanone hydrochloride (3-DPH), with CD40R (A) Residues 
involved in the interaction of 3-DPH with H. sapiens CD40R (B) Residues involved in the interaction of 3-DPH with M. musculus CD40R (C) Residues 
involved in the interaction of 3-DPH with O. cuniculus CD40R.
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musculus species revealed that HIS78 and GLN79 are the key 
interacting residues, likewise in the 3DPH interaction with 
human CD40R. Owing to this similarity and low binding energy, 
O. cuniculus and M. musculus were found to be appropriate 
animal models for further evaluation of therapeutic effect of 
human CD40L mimetic molecule.
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found in M. mulatta, M. musculus (Fig. 2B), O. cuniculus (Fig. 2C), 
P. anubis and R. norvegicus with a binding energy of -4.62, -4.85, -

-14.63, -4.51 and -4.86 kcal mol , respectively. 

The CD40R of C. griseus (TYR78 and GLN79) and C. 
porcellus (TYR78 and VAL79) interacted with 3-DPH at different 

-1sites with a binding energy of -5.19 and -5.22 kcal mol , 
respectively. Since dendritic cells induce cytokine production 
for augmenting immune response through CD40R-CD40L 
interactions (Cella et al., 1996) and unavailability of dendritic 
cell-stimulating cytokines such as GMCSF and TNF makes M. 
mulatta and P. anubis (Herodin et al., 2005) unsuitable animal 
models. Based on the interactions of CD40R of selected 
mammalian species with their respective ligand, human CD40L 
and 3-DPH, O. cuniculus and M. musculus showed better 
interactions similar to that of humans.

CD40R-CD40L interaction is one of the most critical 
immunomodulatory mechanisms in the development of host 
immunity. 3-DPH, a CD40 ligand mimetic molecule, can play an 
important therapeutic role in several immunological disorders 
related to CD40R-CD40L interaction. The current molecular 
docking studies of 3-DPH with CD40R of O. cuniculus and M. 

Table 1: Interacting sites and binding energy for CD40 receptor and CD40 ligand interactions

         Interacting molecules

CD40R CD40L

Human Human HIS78 ARG203 2.9 -3.81
GLN79 ARG207 2.5

C. porcellus ASN72 ARG206 2.7 -4.20
THR70 ARG206 3.2
TYR78 ARG203 3.0

Human HIS82 ARG207 3.0 -4.11
GLU117 ARG207 2.7

M. musculus GLU74 ARG202 2.6 -2.58
Human GLU74 ARG203 2.7 -4.30

HIS78 ARG203 2.7
O. cuniculus O. cuniculus HIS78 ARG203 2.7 -4.01

Human HIS76 ARG207 3.3 -3.98
HIS78 ARG207 2.8

M. musculus

C. porcellus

Interacting 
residues of 

CD40R

Interacting 
residues of 

CD40L

Bond 
length 

(Å)

Binding 
energy 

-1(kcal mol )

Table 2: Interacting site and binding energy for 3-DPH organic CD40L mimetic molecules with various mammalian CD40R

CD40R Interacting residues Interacting groups Bond Binding energy
-1of CD40R length (Å) (kcal mol )

Human HIS78 O-atom with carbonyl group 3.0 -4.67
GLN79 3.1

C. porcellus TYR78 O-atom with carbonyl group 2.9 -5.22
VAL79 2.7

M. musculus HIS78 O-atom with carbonyl group 2.9 -4.85
GLN79 N-atom with carbonyl group 2.9

O. cuniculus HIS78 C-atom with carbonyl group 3.0 -4.63
GLN79 O-atom with carbonyl group 2.9
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