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ABSTRACT

Background: Computer aided drugs discovery or in silico design is bioinformatics ™ contribution that
supports pharmacy, medical and dentistry fields. It creates innovation in the search, design and
optimization of new drug candidates. The method minimizes the use of animal models and in vitro assay
laboratory work, which are very time and resources consuming processes. Even though it has big
advantages, it has not been utilized frequently in conservative dentistry fields. Purpose: To summarize
CADD approaches in conservative dentistry researches in this past ten years. Review(s): Researches
using CADD approaches in conservative dentistry shown in the reviews, used Structure-based design
and Ligand-based design, both are two methods to predict compound-protein interaction. Utilized as
genome identification of Streptococcus mutans, CADD can differ the genome from other bacterias and
gives confirmation to polymerase chain reaction examination. CADD also beneficial to predict
pharmacokinetics of drug candidates. This method exhibits great prediction in screening active
compounds that have inhibition action in bacterias growth and adhesion on dental plague. Conclusion:
CADD approach has been used in conservative dentistry and showed great predictions to minimize
numbers of trials in laboratory works. Expansion of application might boosts drugs design projects in

conservative dentistry.
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INTRODUCTION

Bioinformatic defines as computational and informatic sciences application on biology field
that enable scientists to manage, process and analyze genomic and molecular data. Computer
aided drug discovery, as bioinformatic’s product, boosts progress in pharmacy, medical and
dentistry sciences, by using datas to identify pathway of diseases, prediction of reliable
treatment approaches and accelerate drug discovery process.' It shorten the time needed to
develop new drugs.

In early days, development of a new drug would take 12 to 15 years. The process
including years of basic research, lead discovery, preclinical development, clinical
development and Food and Drug Administration filing. Failure in each step might prolonged
the process.” Computer aided drugs discovery (CADD) assists target identification, validation,
optimal hits selection and help the hit to lead step. Hit is term used to define molecule that has
desired activity in compound screen and the activity confirmed upon retesting. CADD works
based on molecular data, biomolecular knowledge and appropriate computational method to
analyze the complex combination. >

There are two methods in CADD, they are structure-based drug design (SBDD) and
ligand-based drug design (LBDD). SBDD is used when the structure of the target protein is
known. Structure of target protein is beneficial to identify key sites and interaction that impact
on biological function of the protein. LBDD is used when the ligands which binds to the desired
target site is known. Physicochemical properties of the ligands is used to predict structure
activity relationship, as in this method assumed similar structure of compound will have similar

biological action and interaction with target protein. **

REVIEW(S)
CADD gives advantages in researches based on medical and dentistry sciences. This approach
is also known in conservative dentistry, but not popular yet in these past 10 years (Table 1).
Conservative dentistry comprise preventive, operative and endodontic scopes. The main
objective is to conserve the teeth in oral cavity. Complexity that should be awared, is that oral
cavity has the second largest and diverse microbiome after the gut.® Any alteration in oral cavity
will have impact on the harmony and the teeth as well.

To prevent the caries, microorganisms harmony in oral cavity need to be maintained.
Casein and microalgae are proteins that had been analyzed using CADD approaches. 70
peptides identified from casein hydrolisates were predicted to have no toxicity, no allergenic

activity and 15 among others were predicted to have several bioactivity, such as ACE activity,




antioxidative activity, anti inflammatory, immunomodulating and antithrombic activity.” C-

phycocyanin, pigment of microalgae, was predicted to have antimicrobial activity. Study

showed C-phycocyanian had low binding energy to sucrose and potential to sequester the

sucrose. It predicted to decrease caries-causing bacteria.?

Table 1. CADD utilization in Conservative Dentistry

CADD utilization
purposes

Known structure
protein (p), ligands (1),
bacteria (b), monomer (m)

Unknown structure
protein (p), ligands
(D), bacteria (b)

Prediction

Bioactivity™®

Peptide of casein (p)

bioactivity, toxicity,
allergenicity

C-phycocyanin of
microalgae (p)

Sucrose sequestration

Antimicrobial® ¢

Phosphoglucosamine mutase
and pyruvate kinase (p)

Candidate
compound SMO0O01-
SMO10 (1)

inhibit growth in
dental pluque

Molecules (in Morin) (1)

antigen UII (p)

inhibit adhesion

Capsaicin, genistein,
glychirrizin (1)

Streptococcus
mutans,
Enterococcus
Jaecalis,
Porphyromonas
gingivalis,
Treponema
denticola and
Tanerella forsythia

(b)

virulence properties

Niconitrile, thienopyridines

M

COX-2 (p)

biofilm inhibitor

Ocimum americanumi,
Ocimum basilicum L. (1)

MurA enzyme (p) of
S. mutans, S.
sanguinis, E faecalis

binding affinity

Genome
Identification '7'#

Streptococcus mutans (b)

differ from PCR

Streptococcus mutans and
Streptococcus sanguinis (b)

similar proportion
genes

Molecule (in Morin) (1)

Antigen VI (p)

inhibit adhesion

UDMA (m)

Pharmacokinetic )
(ADME, toxicity) Phosphotransterase § mutans No natural ligands
10,1920 " v

Henicosa-1,3-dyn10 from P:;t;x;ﬁ;sehi:;mnt

Acmella calva (1) gene glic

binding protein  (p)
o MMA, HEMA, TEGDMA, .

Toxicity neurotoxic




Antivirus® Chlorhexidine (1) SARS-CoV-2 (p)

Studies were also conducted to sort compound candidates that have ability to inhibit S.
mutans, as target in reducing caries.” Structure-based method were used in these studies. To
evaluate S. mutans inhibition in dental plaque, phosphoglucosamine mutase and pyruvate
kinase were used as protein target. Candidates of compound were selected from ZINC database
and labeled as SM0O01-SMO10. Protein ligand interaction was analysed using AutoDock Vina.
Conclusion of the research was those compounds were predicted to have better affinity against
molecular target than triclosan, which is known as inhibitor of the glycolysis pathway. * To
evaluate compounds with potential inhibition of S. mutans adhesion, Antigen I/1l used as
protein target. There are two natural products that show ability as inhibitor, they are curcuma
and Morin. Morin show the same IC50 as couple molecules that were evaluated in the
research !

In separate researches, capsaicin, genistein and glychirrizin antimicrobial potential
were predicted. The bacteria targets were S. mutans, Enterococcus faecalis, Porphyromonas
gingivalis, Treponema denticola and Tanerella forsythia. Ligand-based drug design approach
were used in the studies. Sequence protein were taken from STITCH data base, functional class
that interact with ligand was obtain from VICMpred server. Virulence properties of interacting
protein was predicted using VirulentPred tool, epitope was predicted by BepiPred 2.0 server,
and PSORTb V 3.0 was used to predict protein localization. Researches concluded that each
compound has potent antimicrobial factor to all bacterias understudy. ''-13

Novel compound of COX-2 and biofilm inhibitor had been reported. Research to
obtained these compound and revealed the mechanism inhibition was done by collaboration of
in vitro and in silico analysis. CADD approach that had been done in the research amplified
the in vitro result. Niconitrile showed to have better binding to protein target, COX-2, than
Celecoxib, the drug of choice. All the ligands, niconitrile and thienopyridines, fullfiled the
Lipinski rule and considered as drug like."*

The same protein target, MurA enzyme, of S. mutans, Streptococcus sanguinis and E.
Jfaecalis were analysed in two studies. One study using Ocimum americanum, while the other
study using Ocimum basilicumn L. Compound that was evaluated achieved from in vitro
research and in silico tools was used to detemined the binding affinity of ligands and MurA

enzyme (PDB). In silico prediction was established using PyRx 0.8. CADD analysis showed




the investigated compound has low binding affinity, and revealed the hydrogen bond and
hydrophobic interaction of compound and protein target. '-1¢

Genome identification using CADD approaches were done in two studies. The first one
using in silico as confirmation of the §. mutans genome from saliva that had been collected in
a population study. In silico analysis was conducted with Primer-BLAST tool. The study
concluded that S. mutans genome obtain by PCR was not 100% identic to §. murans primer."”’
Another study has predicted differences metabolic pathway of §. mutans and S. sanguinis.
Genome were obtained from database. Metabolic pathway that had been evaluated were
pyruvate and glutathione pathway. The study show that the two bacterias have similar
propotion of genes in each category, but strain-specific gene variants possibly determined
fitness factor under selective condition.

Pharmacokinetic properties of the compounds including their absorption, distribution,
metabolism and excretion (ADME) could be predicted using CADD. ADME of the compounds
that had been analyzed interaction against Ag I/II, were predicted using SwissADME tools."
There are other tools that could predict ADME, such as QuikProp and Pre ADME. QuikProp
was used in research that using three phosphotransferase proteins of S.mutans as protein target,
which shown to have no natural ligands. Although several compounds that had been screened
has pharmacophoric motifs.'” PreADME was used in research that using henicosa-1,3-dyn10
from Acmella calva as ligand. Ligand-based drug design was applied. Protein target of S.
mutans that impacted were peroxidase resistant gene and glucan binding protein f. ADME
prediction showed the compound as a potent compound with no capacity to cross blood brain
barrier. The toxicity was predicted using ProTox 2

CADD approach also useful to predict toxicity of restorative material. Previous study
using ligand-based drug design to evaluate toxicity resin monomers after they pass across the
blood brain barrier (BBB). Monomers were selected based on in vitro research. The prediction
of ligand passage through BBB was carried out using ACD/Percepta software. The method
showed passive transport of monomers through BBB and act as neurotoxic substances. *!

Corresponding to pandemic era, chlorhexidine utilization as mouthwash before dentistry
procedure was predicted using CADD. Crystal structure and FASTA code of SARS-CoV-2
proteins were obtained from the Research Collaboratory for Structural Bioinformatics Protein
Data Bank. Eight compounds were selected from PubChem and molecular docking was done

by AutoDock Vina and visualized on UCSF Chimera. Chlorhexidine showed to have most

active compound to reduce Sars-CoV-2 .




DISCUSSION
CADD or in silico study serves prediction of bioactivity, antimicrobial, genome identification,
pharmacokinetics, toxicity and antiviral in previous researches in conservative dentistry. It
works altogether with in vitro and in vive laboratory work. Bioactivity study of peptides from
hydrolisated casein based on application Casein phosphopeptide-amorphous calcium
phosphate (CPP-ACP) as caries prevention method. CPP-ACP forms calcium and phosphate
reservoir, thereby reducing demineralization and enhancing remineralization.”* In silico
approach amplified in vitro and in vivo finding by showing bioactivity, non allergenic and non
toxicity potential of peptides from hydrolisated casein. The study predicted safety and multi-
bioactivity of hydrolisates casein.” This approach also amplified chlorhexidine application to
minimize SARS-CoV-2.** As the result is inline to in vive finding. >

Antimicrobial activity of capsaicin, genistein and glychyrrizin were evaluated on S.
mutans, Enterococcus faecalis, Porphyromonas gingivalis, Treponema denticola and
Tanerella forsythia. S. mutans is known on its role in caries induction, while E. faecalis is
linked to endodontic treatment failure. T'. forsythia is also found in the same case although not
as dominant as E. faecalis. *® Ligands that were analyzed are active compounds of nature
sources, they are capsaicum, soy and Glychyrriza glabra '™

To overcome the antibiotics resistance, studies of infectious diseases treatment is done
sustainably. Biofilm is identified as trigger of severe human infections. In silico research to
evaluated biofilm inhibitor and anti inflammation candidates were done. S. mutans, Escerichia
coli and Staphylococcus aureus were the bacteria targets. These bacterias cause severe
inflammation by forming biofilm to adhere. The in silico design predicted the novel
compounds, niconitrile and thienopyridines, have biofilm inhibition and anti inflammation
ability by binding to COX-2. 4

The study also predicted the absorption, distribution, metabolisms, excretion and toxicity
(ADMET) properties of the compounds by analyzing whether they meet the Lipinski’s rule or
not. Lipinski’s rules, also known as Rule of Five, is a filter of drug likeness. It distinguishes
whether a molecule is absorbed well or not, according to molecular weight, octanol/water
partition coefficient, number of hydrogen bond donors and number of hydrogen bond
acceptors. However, ADMET prediction by computational could be done in several ways, for
instance by calculate the ADMET score. *’ Previous studies showed many tools that could be
used to predict ADMET of the small molecules. %192
In conservative dentistry, composite resin become material of choice to restore dental

cavities. Composite resin is consist of monomers that will be polymerized to polymer matrix.




Studies concern to monomers toxicity had been done.® CADD could be use as toxicity
prediction tools as showed in previous study.?! The toxicity of monomers also induced research
to find the safe monomers to use as dental restorative materials. *°

CADD approach shown as preferable method in numbers of steps in drugs discovery.
Both LBDD and SBDD predict protein-ligand interaction. Binding affinity is a measure how
strong interaction between ligand and protein target; and an indicator of potential drug. It can
be obtained experimentally and computationally. In silico predicts binding affinity at a low

3031 CADD was also used as confirmation of S. mutans

cost, accurate and precise results.
genome that obtained from PCR."” The result showed that PCR has probability of false result
as shown in other study.*

CADD approach gives advantage in research in conservative dentistry research, and there
are many possibilities to be explored. Knowledge of the users become the base of CADD
utilization. Things to be considered is there are many options of databases and tools that support
CADD. Selection of the proper method, trustworthy databases and appropriate tools will affect
the reliability of the prediction result. Competence to interpret the results is also the key.

CADD applies as prediction that need to be confirmed by in vitro and or in vivo research. It

also can become confirmation or amplification of in vitro result.

Author Contribution

All authors contributed to and approved the final version of manuscript.

REFERENCES

1. Xia X. Bioinformatics and Drug Discovery. Curr Top Med Chem. 2017;17(15):1709—
26.

2. Hughes JP, Rees SS, Kalindjian SB, Philpott KL. Principles of early drug discovery.
Br J Pharmacol. 2011;162(6):1239-49.

3. Fotis C, Antoranz A, Hatziavramidis D, Sakellaropoulos T, Alexopoulos LG.
Network-based technologies for early drug discovery. Drug Discov Today.
2018;23(3):626-35.

4. Surabhi, Singh BK. Computer aided drug design : An Overview. J] Drug Deliv Ther.
2018;8(5):504-9.

5. Yu W, MacKerell AD. Computer-aided drug design methods. Methods Mol Bioogy.




10.

I1.

12.

13.

14.

15.

16.

2017;(January):85-106.

Caselli E, Fabbri C, D’Accolti M, Soffritti I, Bassi C, Mazzacane S, et al. Defining the
oral microbiome by whole-genome sequencing and resistome analysis: The complexity
of the healthy picture. BMC Microbiol. 2020;20(1):1-19.

Tu M, Liu H, Zhang R, Chen H, Fan F, Shi P, et al. Bioactive hydrolysates from
casein: generation, identification, and in silico toxicity and allergenicity prediction of
peptides. Vol. 98, Journal of the Science of Food and Agriculture. 2018. 3416-3426 p.
Silva EF e, Silva PF e. Microalgae pigment with possible anti-caries activity: In silico
evidences. In: MOL2NET, International Conference Series on Multidisciplinary
Sciences. UNC Chape Hill, USA; 2020. p. 1-4.

Ochoa R, Martinez-Pabon MC, Arismendi-Echeverri MA, Rendén-Osorio WL,
Muskus-Lépez CE. In silico search of inhibitors of Streptococcus mutans for the
control of dental plaque. Arch Oral Biol. 2017;83:68-75.

Rivera-Quiroga RE, Cardona N, Padilla L, Rivera W, Rocha-Roa C, Diaz De Rienz
MA, et al. In silico selection and in vitro evaluation of new molecules that inhibit the
adhesion of streptococcus mutants through antigen I/IL. Int J Mol Sci. 2021:22(1):1-
17.

Alagu Rathi Bharathi A, Smiline Girija AS, Vijayashree Priyadharsini J. An in silico
study on the protein network interaction induced by capsaicin against dental
pathogens. Drug Invent Today. 2019;11(Special Issue 2):8-14.

Babu BV, Girija ASS, Priyadharsini JV. An in silico approach to identify the protein
targets of common dental pathogens targetted by genistein. J Crit Rev.
2020;7(12):3340-8.

Balamithra S, Girija S, Privadharsini JV. An in silico Analysis of Protein Targeted by
Glycyrrhizin in Common Dental Pathogens. J Pharm Res Int. 2020;32(15):170-8.
Sanad SMH, Mekky AEM. Novel Nicotinonitriles and Thieno[2,3-b]pyridines as
Potent Biofilm and COX-2 Inhibitors: Synthesis, In Vitro and In Silico Studies.
ChemistrySelect. 2020;5(28):8494-503.

Herdiyati Y, Astrid Y, Shadrina AAN, Wiani I, Satari MH, Kurnia D. Potential Fatty
Acid as Antibacterial Agent against Oral Bacteria of Streptococcus mutans and
Streptococcus sanguinis from Basil (Ocimum americanum): In vitro and in silico
studies. Curr Drug Discov Technol. 2020:;17:532-41.

Evangelina IA, Herdiyati Y, Laviana A, Rikmasari R, Zubaedah C, Anisah ., et al. Bio-

Mechanism Inhibitory Prediction of B-Sitosterol from Kemangi (Ocimum basilicum




17.

I8.

19.

20.

21.

22,

23.

24.

25.

26.

27.

L.) as an Inhibitor of MurA Enzyme of Oral Bacteria: In vitro and in silico Study. Adv
Appl Bioinforma Chem. 2021;Volume 14(June):103-15.

Arévalo-Ruano M, Canacuan-Melo F, Echeverry-Chica J, Salazar-Gonzilez C,
Martinez-Delgado C, Martinez-Pabon M, et al. Molecular identification and
genotyping of Streptococcus mutans from saliva samples of children in Medellin,
Colombia. CES Odontol.2014:27(2):47-60.

Valdebenito B, Tullume-Vergara PO, Gonzales W, Kreth J, Giacaman RA. In silico
analysis of the competition between Streptococcus sanguinis and Streptococcus
mutans in the dental biofilm. Int J Lab Hematol. 2018;38(1):42-9.

Rivera-Pérez WA, Yépes-Pérez AF, Martinez-Pabén MC. Molecular docking and in
silico studies of the physicochemical properties of potential inhibitors for the
phosphotransferase system of Streptococcus mutans. Arch Oral Biol. 2019;98:164-75.
Priyadharshni K, Shanthi P. In - Silico Modelling And Molecular Docking Studies Of
A Novel Compound Isolated From Acmella calva (DC) R K. Jansen. Int J Sci Technol
Res. 2020:9(01):3776-81.

Bandarra S, Mascarenhas P, Luis AR, Catrau M, Bekman E, Ribeiro AC, et al. In vitro
and in silico evaluations of resin-based dental restorative material toxicity. Clin Oral
Investig. 2020:24(8):2691-700.

Sette-De-souza PH, Costa MJF, Amaral-Machado L, Araiijo FADC, Almeida Filho
AT, De Lima LRA. Dental workers in front-line of COVID-19: An in silico evaluation
targeting their prevention. J Appl Oral Sci. 2021;29:1-9.

Lemos JA, Palmer SR, Zeng L, Wen ZT, Kajfasz JK, Freires IA, et al. The biology of
Streptococcus mutans. Microbiol Spectr. 2018;7(1):1-18.

Shyam R, BC M, kumar A, Narang R, Ghanghas M, et al. Role of Casein
Phosphopeptide-Amorphous Calcium Phosphate (Cpp—Acp) in Prevention of Dental
Caries: a Review. Int J Adv Res. 2017:5(7):999-1004.

Huang YH, Huang JT. Use of chlorhexidine to eradicate oropharyngeal SARS-CoV-2
in COVID-19 patients. ] Med Virol. 2021;93(7):4370-3.

Prada I, Mico-Muiioz P, Giner-Lluesma T, Mico-Martinez P, Collado-Castellano N,
Manzano-Saiz A. Influence of microbiology on endodontic failure. Literature review.
Med Oral Patol Oral y Cir Bucal. 2019;24(3):e364-72.

GuanL, Yang H,Cai Y, Sun L, Di P, Li W, et al. ADMET-score-a comprehensive
scoring function for evaluation of chemical drug-likeness. Medchemcomm.

2019;10(1):148-57.




28.

29.

30.

31.

32.

Gupta S, Saxena P, Pant V, Pant A. Release and toxicity of dental resin composite.
Toxicol Int. 2012:19(3):225-34.

Barszczewska-Rybarek IM, Chrészcz MW, Chladek G. Novel urethane-dimethacrylate
monomers and compositions for use as matrices in dental restorative materials. Int ]
Mol Sci. 2020:21(7):1-23.

Wan S, Bhati AP, Zasada SJ, Coveney P V. Rapid, accurate, precise and reproducible
ligand-protein binding free energy prediction: Binding free energy prediction. Interface
Focus. 2020:10(6).

Du X, Li Y, Xia YL, Ai SM, Liang J, Sang P, et al. Insights into protein—ligand
interactions: Mechanisms, models, and methods. Int J Mol Sci. 2016:17(2):1-34.
Floriano I, Silvinato A, Bernardo WM, Reis JC, Soledade G. Accuracy of the
polymerase chain reaction (PCR) test in the diagnosis of acute respiratory syndrome
due to coronavirus: A systematic review and meta-analysis. Rev Assoc Med Bras.

2021:66(7):880-8.




Computer Aided Drug Discovery Utilization in Conservative

Dentistry
ORIGINALITY REPORT

/. D% 5% O
SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY S

OURCES

"Networks in Systems Biology", Springer
Science and Business Media LLC, 2020

Publication

T

tailieu.vn

Internet Source

T

www.dovepress.com

Internet Source

T

Shunzhou Wan, Agastya P. Bhati, Stefan J.
Zasada, Peter V. Coveney. "Rapid, accurate,
precise and reproducible ligand-protein
binding free energy prediction", Interface
Focus, 2020

Publication

T

c

www.mdpi.com

Internet Source

T

"Phytochemistry: An in-silico and in-vitro
Update", Springer Science and Business
Media LLC, 2019

Publication

<1%




bmcpsychiatry.biomedcentral.com
InternetF;oa/rce y <1 %
ila.sagepub.com
E ‘IlnternetsgourE)e <1 %
link.springer.com
n Internet Sl:;urceg <1 %
ubmed.ncbi.nlm.nih.gov
IFr?ternet Source g <1 %
Hadiza Lawal Abdulrahman, Adamu Uzairu, <1 y
Sani Uba. "QSAR, Ligand Based Design and ’
Pharmacokinetic Studies of Parviflorons
Derivatives as Anti-Breast Cancer Drug
Compounds Against MCF-7 Cell Line",
Chemistry Africa, 2020
Publication
WWW.science.gov
Internet Source g <1 %

Exclude quotes Off Exclude matches <10 words

Exclude bibliography On



Computer Aided Drug Discovery Utilization in Conservative
Dentistry

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10




