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Abstract Resumen 

Context: The most common biomaterial used for dental implants is 
titanium. However, the release of metal ions and the risk of allergic 
reactions to metals that may occur in some patients cannot be avoided. 
Hydroxyapatite-polymethylmethacrylate (HA-PMMA) composite 
biomaterials are proposed to have potential as dental implant 
biomaterials due to their mechanical, chemical, and biological 
properties. HA-PMMA may induce osseointegration, biocompatible, 
less allergic reactions, and no metal ions released. In addition, HA-
PMMA can be obtained from Indonesia's abundant natural resources. 

Aims: To explore HA-PMMA composites through molecular docking as 
a biomaterial candidate for dental implants in silico. 

Methods: Structure data format (sdf), molecular weight, and identity 
number (CID) of HA-PMMA ligand samples were obtained from 
PubChem database and minimized through OpenBabel. 3D structure, 
selection method, resolution, atom count, weight, sequence length, and 
ID protein BMP2, BMP4, BMP7, alkaline phosphatase (AP), osteonectin, 
osteopontin, and osteocalcin on RCSB-PDB native ligand and water 
sterilization on PyMol were carried out with the aim of to maximize the 
formation of binding affinity during molecular docking simulations. 

Results: HA-PMMA composites can enhance the activity of proteins 
associated with osseointegration such as BMP-2/4/7, AP, osteocalcin, 
osteonectin, and osteopontin in silico. HA-PMMA composites have the 
strongest binding to osteonectin and are predicted to enhance the AP 
activity in silico. 

Conclusions: HA-PMMA composites are potential candidates for dental 
implant biomaterials with the osteointegration ability through binding 
with BMP-2/4/7, AP, osteocalcin, osteonectin, and osteopontin in silico.  

Contexto: El biomaterial más común utilizado para implantes dentales es 
el titanio. Con este no se evita la liberación de iones metálicos y el riesgo 
de reacciones alérgicas a los metales que pueden ocurrir en algunos 
pacientes. Se propone que los biomateriales compuestos de 
hidroxiapatita-polimetilmetacrilato (HA-PMMA) tienen un potencial 
como biomateriales de implantes dentales debido a sus propiedades 
mecánicas, químicas y biológicas. HA-PMMA puede inducir 
osteointegración, reacciones biocompatibles, menos alérgicas y sin 
liberación de iones metálicos.  

Objetivos: Explorar los implantes HA-PMMA a través del acoplamiento 
molecular como biomaterial candidato para implante dental in silico. 

Métodos: Formato de datos de estructura (sdf), peso molecular y número 
de identidad (CID) de muestras de ligando HA-PMMA se obtuvieron de 
PubChem y se minimizaron a través de OpenBabel. Estructura 3D, 
método de selección, resolución, recuento de átomos, peso, longitud de 
secuencia e identificación de proteínas BMP2, BMP4, BMP7, fosfatasa 
alcalina (AP), osteonectina, ostepontina y osteocalcina en ligando nativo 
RCSB-PDB y esterilización de agua en PyMol fueron desarrollados con 
el objetivo de maximizar la formación de afinidad de unión durante las 
simulaciones de acoplamiento molecular. 

Resultados: Los implantes de HA-PMMA pueden potenciar la actividad 
de proteínas asociadas con la osteointegración como BMP-2/4/7, AP, 
osteocalcina, osteonectina y osteopontina in silico. Los implantes de HA-
PMMA se unen fuertemente a la osteonectina y podrían mejorar la 
actividad AP in silico. 

Conclusiones: Los implantes de HA-PMMA son candidatos potenciales 
para implantes dentales con capacidad de osteointegración por la unión 
con BMP-2/4/7, AP, osteocalcina, osteonectina y osteopontina in silico.  
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INTRODUCTION 

The lack of dental and oral health knowledge in 
Indonesian society may increase caries and perio-
dontal diseases in Indonesia (Chen et al., 2019; 
Renjana et al., 2020; Rosalien et al., 2019). Mean-
while, periodontitis can increase the level of 
malondialdehyde, cathepsin C, and C-reactive 
protein that may enhance the risk factor of cardio-
vascular disease (Ramadhani et al., 2020a; 2020b). 
Poverty in some low-middle-income countries 
such as Indonesia is associated with untreated or 
neglected dental caries and periodontal diseases 
(Folayan et al., 2020). Neglected caries and un-
treated periodontal diseases increase root surface 
caries and tooth loss cases (Hariyani et al., 2018). 
Furthermore, neglected dental caries and perio-
dontal diseases contribute to tooth loss in the Ja-
vanese population (Timmerman et al., 1998; van 
der Velden, 2015). Any severe tooth loss may lead 
to the disturbance of stomatognathic function such 
as chewing, speaking, eating, temporomandibular 
disorders (Sipilä et al., 2013). Moreover, it can de-
crease the patient's quality of life-related to oral 
health (Gerritsen et al., 2010; Kassebaum et al., 
2014; Haag et al., 2017). 

The rehabilitation of stomatognathic function is 
necessary to improve the patient’s quality of life 
with tooth loss. Stomatognathic function due to 
tooth loss can be rehabilitated by applying dental 
prosthetics, such as complete or partial denture, 
removable or permanent denture, one of which is 
a dental implant (Hirai and Koshino, 2006; da Silva 
et al., 2012; Alves et al., 2018; Tabitha et al., 2021). 

A dental implant is the most chosen option be-
cause they are more functional, adaptive, strong, 
and durable (Eposito et al., 2012; Clark and Levin 
2019). Currently, the most commonly used dental 
implant biomaterial is titanium. Titanium for den-
tal implant biomaterial has excellent mechanical 
properties. However, the release of metal ions, 
corrosion, the risk of allergic and hypersensitivity 
reactions to metals in some patients is inevitable 
(Sicilia et al., 2008; Siddiqi et al., 2011; Bilhan et al., 
2013; Delgado-Ruiz and Romanos, 2018; Ottria et 
al., 2018; Hanawa, 2020). Moreover, the prices of 

titanium dental implants are relatively high in 
Indonesia. Therefore, any exploration of dental 
implant biomaterials with mechanical, chemical, 
and biological properties that are biocompatible 
and can induce osseointegration characterized by 
the increased biological markers in periodontal 
tissue is necessary (Alghamdi and Jansen, 2020). 

Hydroxyapatite-polymethylmethacrylate (HA-
PMMA) composite biomaterials are recognized to 
have potential as the new dental implant bio-
materials because they have mechanical, chemical, 
and biological properties. HA-PMMA may induce 
osseointegration, be biocompatible, less allergic 
and hypersensitivity reactions, noncorrosive, and 
no metal ions released (Deb, 1998; Giavaresi, 2004; 
Kang et al., 2012). HA can be obtained from Lime-
stone in Padalarang, Indonesia, as natural re-
sources. Thus, it is expected to reduce production 
costs, replace the imported materials, and be eco-
nomically profitable. HA isolated from Padalarang 
Limestone has hydroxyl and phosphate groups, 
crystal particles, the composition of O, Ca, and P 
with a Ca/P ratio of 1.64, and non-toxic umbilical 
cord mesenchymal stem cell, which meets the re-
quirements of a biocompatible biomaterial candi-
date (Pridanti et al., 2020). 

The successfulness of dental implants to reha-
bilitate stomatognathic function disturbance due 
to tooth loss is strongly determined by the osseoin-
tegration between dental implants and periodon-
tium (Albrektsson and Wennerberg, 2019; Pelle-
grini et al., 2018; Goo and Goh, 2020). Osseointe-
gration of dental implant it can be predicted by 
increasing the expression or secretion of osteogen-
ic related protein marker in periodontium such as 
bone morphogenic protein (BMP)-2, BMP4, BMP7, 
alkaline phosphatase (AP), osteonectin, osteopon-
tin, and osteocalcin (Nugraha et al., 2018a; 2018b; 
2019; Prahasanti et al., 2020; Saskianti et al., 2020).  

The investigation and exploration of HA-
PMMA composite biomaterials can be performed 
by applying molecular docking using software 
and databases through a bioinformatic approach 
or in silico studies (Kharisma et al., 2020a; 2020b). 
The bioinformatics approach can predict the bind-
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ing HA-PMMA composites, which qualifies for 
enhancing or not the osseointegration-related mo-
lecular marker proteins before the in vitro and in 
vivo study is conducted. Therefore, this study aims 
to explore HA-PMMA composites through molec-
ular docking as a biomaterial candidate for a den-
tal implant in silico.  

MATERIAL AND METHODS 

Sample preparation 

The 3D structure in the structure data format 
(sdf), molecular weight, and identity number 
(CID) of the ligand samples consisting of PMMA 
and HA were obtained from the PubChem data-
base (https://pubchem.ncbi.nlm.nih.gov/) in 
which both ligands were minimized through 
OpenBabel. 3D structure, selection method, resolu-
tion, atom count, weight, sequence length, and 
protein ID BMP2, BMP4, BMP7, AP, osteonectin, 
osteopontin, osteocalcin were acquired on RCSB 
PDB (https://www.rcsb.org/). The 3D protein 
structure obtained underwent native ligand and 
water sterilization on PyMol version 2.5, which 
aimed to maximize the formation of binding affini-
ty during the molecular docking simulation pro-
cess (Kharisma et al., 2021). 

Molecular binding 

PyRx version 0.8 software (https://pyrx. 
sourceforge.io/home) with Windows operating 
system was utilized for molecular docking simula-
tion. Tethering aimed to decide the level of ligand 
activity when it bound to the target protein. The 
ligands in this study were the HA-PMMA complex 
and the target proteins of BMP2, BMP4, BMP7, AP, 
osteonectin, osteopontin, and osteocalcin. The 
blind and random docking method was applied in 
this study to determine the activity of the HA-
PMMA complex against the target based on bond 
affinity regardless of the functional side (Kharsima 
et al., 2020b).  

Protein-ligand interactions 

Molecular interactions on the molecular com-
plexes of docking simulation results were ana-

lyzed through the Discovery Studio software ver-
sion 16. 1. 0 to shape the types of chemical bonds 
formed. Several types of chemical bonds such as 
hydrogen, hydrophobic, Pi-Alkyl, Van der Waals, 
and electrostatic are shown in 2D structures (Khar-
sima et al., 2020a; 2020b). 

Visualization of 3D structures 

The complex 3D structure of the mooring simu-
lation results was displayed through PyMol soft-
ware for structural selection and coloring. The 
structure displayed through the software consisted 
of sticks, cartoons, ribbons, spheres, and surfaces. 
Then, for staining, the target domain could be dis-
tinguished from the ligands (Kharisma et al., 
2021). 

RESULTS AND DISCUSSION 

The ligands obtained from PubChem consisted 
of PMMA CID: 6658 molecular with the weight of 
100.12 g/mol and HA CID: 18986957 molecular 
with 192.13g/mol weight. A total of seven target 
proteins were obtained from the PDB database. All 
samples were similar through visualization in the 
laboratory using the X-ray method, and then the 
protein had A/B chains were sequenced with a 
maximum length of 484-mer and a minimum of 
49-mer, for each target protein. The samples had a 
PDB ID (4UI1, 1REU, 1LX5, 2GLQ, 1BMO, 1MOY, 
and 1Q8H), a maximum number of atoms (4289) 
and a minimum (353), and the highest resolution 
(3.30) and the lowest (1.55) (Table 1).  

Meanwhile, the protein resolution in silico de-
scribes the clarity of the atomic distance in amino 
acid residues when it is displayed in the software, 
the higher the value, the clearer the molecular vis-
ualization (Qian et al., 2007). Based on the results 
of target preparation, the 3D protein structure was 
obtained from a tertiary type of database because 
it was a secondary formation that had folds and 
consisted of one or more chains (Rehman et al., 
2020). The seven protein structures were sterilized 
with water, and the original ligands in the PyMol 
software was to obtain the maximum binding en-
ergy value when simulating the docking of mole-
cules (Baran et al., 2017). 
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Table 1. The results of target protein sample preparation from RCSB-PDB. 

Name PDB ID Visualization 
Resolution 

(Å) 

Atom 
Counts 

Weight 

(kDa) 
Chain 

Sequence 
length (mer) 

BMP2 4UI1 X-ray 2.35 353 51.34 A/B 114 

BMP4 1REU X-ray 2.65 833 11.73 A 103 

BMP7 1LX5 X-ray 3.30 1695 29.23 A 139 

AP 2GLQ X-ray 1.60 4289 53.57 A 484 

Osteonectin 1BMO X-ray 3.10 3854 55.23 A/B 233 

Ostepontin 1MOY X-ray 1.55 1066 13.80 A 130 

Osteocalcin 1Q8H X-ray 2.00 378 5.85 A 49 

RCSB-PDB: native ligand; BMP-2, BMP-4, BMP-7: bone morphogenic proteins associated with osseointegration; AP: alkaline 
phosphatase; PDB ID: Protein Data Bank Identification. 

 
The molecular docking simulation aims to 

shape the ligand-binding activity of the target re-
ceptor by observing the affinity level of the bonds 
formed (Meng et al., 2011). Meanwhile, bond affin-
ity is the binding energy generated when a ligand 
interacts with a target, through which the affinity 
value obtained can be used to regulate the binding 
activity of the ligand (Luqman et al., 2020). The 
working principle of bond affinity is under the 
laws of thermodynamics. If it gets negative, it can 
affect the response activity of the target protein 
(Pantsar and Poso, 2018). The blind type molecular 
docking method was used in this study, and it 
aimed to screen the binding energy produced by 
the HA-PMMA ligand complex when it is bound 
to the seven targets to control the target activation 
response activity's ability HA-PMMA binding. 

The simulation results of molecular docking 
showed three bond affinity scores formed through 
three modes, this study used mode 0, which was 
the best binding location compared to other modes 
(Table 2). The 3D structure of the molecular dock-
ing simulation results is displayed through PyMol 
software. It presents the structure of the cartoons 
on the target protein, while the spheres and sticks 
are for ligands, letters are signed to the image 
based on the molecular complex (Fig. 1). E mole-
cule complex, which is the binding of the HA-
PMMA ligand with osteonectin protein, shows a 
more negative bond affinity value than other com-

plexes. It allows HA-PMMA to increase osteonec-
tin activity compared to other proteins through 
direct contact mechanisms. 

The entire molecular complex resulting from 
molecular docking was then analyzed for ligand-
protein interactions through the Discovery Studio 
software to determine the position, type, and the 
number of bonds formed. Molecular interactions 
consisting of hydrogen, Van der Waals, alkyl, hy-
drophobic, and electrostatic interactions play an 
important role in initiating protein biological re-
sponse, namely the activation and inhibition (Li et 
al., 2016). Furthermore, the molecular interaction 
analysis (Table 2) shows different types of interac-
tions produced by ligands consisting of Van der 
Waals, pi-alkyl, and hydrogen. However, E mo-
lecular complex has a total number of interactions 
more than others, making it possible to initiate a 
response to an increase in target activity because it 
has more molecular interactions. Visualization of 
the molecular interaction identification results in 
molecular complex E through the Discovery Stu-
dio software is displayed in a representative dis-
play (Fig. 2). 

HA-PMMA can enhance osseointegration be-
tween dental implant and periodontium through 
the osteogenic pathways, such as BMP-2, BMP-4, 
BMP-7. BMP is a strong regulator protein in osteo-
genic pathways. BMP-2 can enhance cell minerali-
zation in vitro and osseointegration in vivo (Teng et 

http://jppres.com/jppres


Prahasanti et al. Hydroxyapatite-polymethylmethacrylate dental implant in silico 

 

http://jppres.com/jppres  J Pharm Pharmacogn Res (2021) 9(5): 750 

 

al., 2016). BMP-2, BMP-4, and BMP-7 are expressed 
and produced abundantly in mesenchymal stem 
cells and progenitor cells that possess a pivotal 
role during osteogenesis and osseointegration of 
dental implants (Waris et al., 2010; Prahasanti et 
al., 2020). The stimulation of BMP-7 has ad-
vantages to bone and tendon regeneration in vitro 
through the elevation expression of osteogenic and 
fibroblast transdifferentiation, which is the key 
factor during successful osseointegration (Schwar-
ting et al., 2015). 

Osteogenic-related proteins like AP, osteocal-
cin, osteopontin, and osteonectin expression and 
secretion can predict the bone repair process dur-
ing osseointegration (Palin et al., 2018). Those os-
teogenic related proteins are also expressed in the 
gingival mesenchymal stem cells with a role dur-
ing osteogenic differentiation (Nugraha et al., 
2018a; 2018b; 2019). The surface modification with 
the addition of HA in the dental implant may im-
prove the osteogenic-related protein that enhances 
the osseointegration of dental implant (Sirin et al., 
2016; Hu et al., 2017). 

 

Table 2. The binding energy results from the simulation of molecular docking. 

Molecular 
complex 

Ligand Protein 

Docking grid 

Mode 

Binding affin-
ity 

(kcal/mol) 
Centre 

(Å) 

Dimension 

(Å) 

A HA-PMMA BMP2 X: 21.772  X: 39.081  0 -3.1 

Y: 9.256 Y: 45.617 1 -2.9 

Z: 9.271 Z: 55.099 2 -2.9 

B HA-PMMA BMP4 X: -18.049  X: 35.286  0 -3.1 

Y: -21.892 Y: 56.805 1 -3.0 

Z: -40.965 Z: 38.239 2 -3.0 

C HA-PMMA BMP7 X: 79.198  X: 54.126  0 -3.5 

Y: 35.787 Y: 36.155 1 -3.5 

Z: 45.693 Z: 43.192 2 -3.5 

D HA-PMMA AP X: 43.872  X: 64.911  0 -3.7 

Y: 23.205 Y: 70.704 1 -3.6 

Z: 9.204 Z: 66.173 2 -3.6 

E HA-PMMA Osteonectin X: 38.335  X: 88.374  0 -4.2 

Y: 17.716 Y: 72.496 1 -4.2 

Z: 19.753 Z: 93.243 2 -3.9 

F HA-PMMA Ostepontin X: -13.074 X: 38.151  0 -3.5 

Y: 8.026 Y: 42.830 1 -3.5 

Z: -26.463 Z: 73.905 2 -3.4 

G HA-PMMA Osteocalcin X: 8.069  X: 25.000  0 -3.3 

Y: 25.299 Y: 25.000 1 -3.2 

Z: 22.859 Z: 25.000 2 -3.1 

HA-PMMA: hydroxyapatite-polymethylmethacrylate; BMP2, BMP4, BMP7: bone morphogenic proteins associated with 
osseointegration; AP: alkaline phosphatase. 
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Figure 1. Visualization results of hydroxyapatite-
polymethylmethacrylate molecule docking complex with 
the target protein.  

Green (hydroxyapatite), cyans (polymethylmethacrylate), and blue 
(target) colors. (A-G):  molecular complex. 

 
 

 

Figure 2. 2D molecular interaction on molecule E complex visualization. 

 

CONCLUSIONS 

The E molecule complex consisting of hydroxy-
apatite-polymethylmethacrylate binding with os-
teonectin is predicted to influence the increase of 

alkaline phosphatase activity because it has more 
negative bond affinity values. Hydroxyapatite-
polymethylmethacrylate interacts through the bin-
ding domains of His232, Lys262, Leu235, Ser231, 
Ile264, Asp257, Glu254, Arg239, Thr250, Phe253 
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through the interaction of Van der Waals, hydro-
gen, and Pi alkyl, and produces a total number of 
interactions more than other complexes. Thus, 
hydroxyapatite-polymethylmethacrylate binding 
can increase osteonectin activity, as proven in sili-
co. However, further analysis must be carried out 
in vitro and in vivo. 
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