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Abstract
Dodonaea viscosa Jacq is known as “chamana” in the popular flora of Peru. the traditional medicine 
uses its leaves as ingredient in fermented beverages from Zea mays and also in external uses for anti-
inflammatory diseases. the aim was to study the role of dodonic acid against several protein targets of 
S. aureus. this study was focused on to analyse the role of dodonic acid against S. aureus target proteins 
such as on sortase-A, DNA gyrase, dihydrofolate reductase (DhFR), clumping factor, dehydrosqualene 
synthase, and undecaprenyl di-phosphate synthase as a promising candidate molecule. the docking 
analysis of dodonic acid showed the best docking score energy on S. aureus undecaprenyl diphosphate 
synthase with -11.2 kcal/mol and demonstrated to be a very stable molecule at physiological conditions 
during the molecular dynamic for 50 ns. As conclusion, the extract demonstrated to be active against 
S. aureus and dodonic acid might be a promising molecule acting on the S. aureus undecaprenyl 
diphosphate synthase. 
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iNtRODUCtiON

 Peru is one of the megadiverse countries 
in the world with a wide variety of medicinal plants 
distributed in its three regions (coast, mountain 
and rain forest), many of them have been 
screened as antibacterial drugs in vitro, based on 
the ethnobotanical and ethnopharmacological 
information selected gram-negative and gram-
positive bacteria were used to find any promising 
activity.1-3 However, in a study reported by 
Bussmann of 166 plants only 32% showed any 
antibacterial activity within this plants, some 
are used for diarrhea, respiratory disorders, 
inflammation, infections, as well as in complications 
during post-partum infections.4 On the other hand, 
in the mountains of Apurimac (a region from Peru) 
grow a medicinal plant known as "shamana", 
which is scientifically known as Dodonaea viscosa, 
in which leaves are used for magical purposes and 
also healing for inflammatory disorders and body 
pain.5 Additionally, it is known that the species 
in question can be found in different parts of the 
world such as in the Asian continent where in 
countries such as India and China it is considered 
part of their traditional medicine, being used in 
decoctions and infusions and for the treatment of 
diarrheal diseases, ulcers and inflammatory-type 
disorders.6-8

 The Sapindaceae family contains around 
1000 species. Most of them are woody and 
flowering plants used to treat different diseases 
including heart disease. Dodonaea viscosa Jacq 
(D. viscosa) is distributed in particular regions of 
Africa, Mexico, Australia, United States, South 
America countries, and elsewhere.9 Regarding 
the biological activities of D. viscosa, different 
extracts have demonstrated antiproliferative 
effect against various types of tumor cell lines 
A2780 (ovarian), BT-549 (breast), DU 145 
(prostate), NCI-H460 (lung), and HCC-2998 
(colon),10 antioxidant, cytotoxic, antidiabetic and 
antimicrobial,11 antiinflammatory,12 cytotoxic 
against HT-29 colon cancer cells,13 anti-diarrheal 
7 among other. These effects, even at an early 
stage, are probably attributed to its chemical 
components such as flavonoids, alkaloids, 
diterpenoids, saponins, tannins, steroids, proteins, 
carbohydrates, etc. Some compound isolated 

from leaves were named 3,3′,4′,5,7-pentahydroxy 
flavane, 4-methoxylstigmasterol, 5-hydroxy-
7,3′4′-trimethoxy-6-acetoxy-3-prenylflavone, and 
dodonic acid.14 About dodonic acid, in an in vitro 
study showed effect on Staphylococcus aureus at 
250 µg/mL.15

 Currently, S. aureus is considered a 
multidrug-resistant microorganism, which has 
widespread worldwide. This bacteria can produce 
since serious skin infections to fatal pneumonia 
and sepsis. The incidence rate is found between 
20 to 50 cases/100,000 per year, whilst in the 
United States the annual number of death was 
20,000 by 2017. Lately, S. aureus is associated 
to atopic dermatitis and current antibiotics are 
being ineffective to combat this infection. In spite 
of the development of new drugs for S. aureus, 
the microbial infections are increased due to 
multidrug-resistant microorganisms overall in 
those acquired in hospitals.16 In this study, the 
aim was to determine the antibacterial activity 
in silico of dodonic acid against target proteins 
of S. aureus using a molecular modeling on 
dihydrofolate reductase (2W9S), Sortase-A (1T2P), 
DNA gyrase (3U2D), clumping factor A (1N67), 
undecaprenyl diphosphate synthase (4H8E) and 
dehydrosqualene synthase (2ZCO) (Figure 1).

MAteRiAls AND MethODs

Molecular Docking of Dodonic Acid and S. aureus 
Proteins
 The main compound found in the ethanol 
extract of D. viscosa named dodonic acid was 
analyzed against S. aureus target proteins (PDB 
IDs: 4H8E, 1N67, 1T2P, 2W9S, 2ZCO and 3U2D). 
Molecular docking studies were performed using 
Autodock v 4.2.6. Binding cavity for the dodonic 
acid in S. aureus proteins were determined from 
the predefined co-crystallized X-ray structure from 
RCSB PDB. The residue positions were calculated 
within 3 Å space from the co-crystallized ligand. 
After the cavity selection in each case, the co-
crystallized ligands were removed using Chimera 
tool (https://www.cgl.ucsf.edu/chimera/) and 
subsequently energy was minimized using steepest 
descent and conjugate gradient algorithm. Then 
finally, merging the nonpolar hydrogens, both 
receptor and target compounds were saved in 
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pdbqt format. Grid boxes were created with 
specific dimensions in 0.3 Å spacing. Following 
the Lamarckian Genetic Algorithm (LGA), docking 
studies of the protein-ligand complex were 
performed to achieve the lowest free energy of 
binding (∆G). During molecular docking studies, 
three replicates were performed having the total 
number of solutions computed 50 in each case, 
with population size 500, number of evaluations 
2500000, maximum number of generations 
27000 and rest the default parameters were 
allowed. After docking, the RMSD clustering maps 
were obtained by re-clustering with a clustering 
tolerance 0.25 Å, 0.5 Å and 1 Å, respectively, in 
order to obtain the best cluster having lowest 
energy score with high number of populations. All 
docking parameter setting was done as described 
elsewhere. 17,18

Molecular Dynamics studies of Dodonic Acid and 
S. aureus Proteins
 The MD simulation was carried in order 
to analyze the stability of dodonic acid and S. 

aureus undecaprenyl diphosphate synthase (PDB 
ID: 4H8E) complex for 100 ns using the Desmond 
2020.1 from Schrödinger, LLC. The OPLS-2005 force 
field,19,20 and explicit solvent model with the SPC 
water molecules were used in this system with a 
periodic boundary condition in an orthorhombic 
box and having dimension 10Å x 10Å x 10Å.21 Na+ 
ions were added to neutralize the charge. 0.15 M, 
NaCl solutions added to the system to simulate the 
physiological environment. Initially, the system 
was equilibrated using NVT ensemble for 100 
ps to retrain over the protein-Aptamer complex. 
Followed by this a short run equilibration and 
minimization using NPT ensemble for 12 ps. The 
NPT ensemble was set up using the Nose-Hoover 
chain coupling scheme22 with temperature 300 K, 
the relaxation time of 1.0 ps and pressure 1 bar 
maintained in all the simulations. A time step of 2 
fs was used. The Martyna-Tuckerman–Klein chain 
coupling scheme23 barostat method was used for 
pressure control with a relaxation time of 2 ps. 
The particle mesh Ewald method24 was used for 
calculating long-range electrostatic interactions, 

Figure 1. Proposed action mechanism of dodonic acid against several targets of S. aureus. PABA: pa-ra-aminobenzoic 
acid; HF: dihydrofolate; THF=tetrahydrofolate; DHFR: dihydrofolate reductase; DHS: de-hydrosqualene synthase; 
FPP: farnesyl pyrophosphate; UPPS: Undecaprenyl diphosphate synthase; UPP: undecaprenyl diphosphate product.
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and the radius for the coulomb interactions were 
fixed at 9Å. RESPA integrator was used to calculate 
the non-bonded forces. The root mean square 
deviation (RMSD), root mean square fluctuation 
(RMSF), radius of gyration (Rg), B-factor fluctuation 
of C-α backbone of protein and number of H-bonds 
formed between acid and S. aureus undecaprenyl 
diphosphate synthase, were employed to monitor 
the stability of the MD simulations.

ResUlts AND DisCUssiON

Molecular Docking of Dodonic Acid and S. aureus 
Proteins
 Target proteins from S. aureus interacting 
with dodonic acid were studied to establish the 
possible molecular mechanism involved in the 
antibacterial activity against S. aureus. Hence, 
some targets such as sortase-A (PDB ID: 1T2P), 
which is exclusively found in gram-positive bacteria 
and considered a type II membrane protein), it 
has a role in the cell wall envelope assembly.25 S. 
aureus DNA gyrase belongs to a subclass of type 
II topoisomerase is essential in DNA replication 
as well as in elongation and transcription.26 S. 
aureus clumping factor A (ClfA) (PDB ID: 1N67) 
is a class of adhesins involved in the initiation of 
infection and main virulence factor in S. aureus.27 
The protein dihydrofolate reductase (2W9S) is 
involved in the production of tetrahydrofolate 
(THF) and its inhibition produces the destruction 
of the intracellular tetrahydrofolate pool 28. In 
addition, the dehydrosqualene synthase is an 
enzyme that has a protective role in the oxidative 
stress produced by the host immune by producing 
a pigment named staphyloxanthin.28 S. aureus 
undecaprenyl diphosphate synthase (UPPS) (PDB 
ID: 4H8E) leads to formation of peptidoglycan and 
only is not present in humans.29

 Molecular  docking studies were 
performed to decipher the binding aspects of 
dodonic acid-with the S. aureus proteins (PDB 
IDs: 4H8E, 1N67, 1T2P, 2W9S, 2ZCO and 3U2D). 
The images of docked complexes, molecular 
surfaces, 3D and 2D interactive plots for dodonic 
acid with the proteins of S. aureus are shown in  
Figure 2. Molecular docking studies revealed 
that the dodonic acid bound significantly with 
S. aureus protein 4H8E with lowest binding 
energy -11.2 kcal/mol and with an inhibitory ta
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concentration (Ki) 11 nM. On the other hand, 
dodonic acid formed pi-cation interaction with 
His252, conventional hydrogen bond with Val450 
residues of clumping factor A (Figure 2A). Other 

non-bonded interactions are depicted in Table. S. 
aureus Sortase-A (1T2P) and dydrofolate reductase 
bound (2W95) to dodonic acid had less affinity 
as compared with S. aureus protein 4H8E (un-
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Figure 2. Molecular interactions studies of dodonic acid with the S. aureus proteins (A) 1N67, (B) 3U2D, (C) 4H8E, 
(D) 1T2P, (E) 2W95 and (F) 2ZCO surface view (Left panel) and 2D (Right panel) interactions.
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decaprenyl diphosphate synthase) with a lowest 
binding energy -8.6 kcal/mol and the predicted Ki 
was found to be 31 nM. In this interaction, dodonic 
acid formed a conventional hydrogen bond with 
Ala92 and Trp194 residues (Figure 2C). On the 
other hand, S. aureus protein 2W9S bound with 
dodonic acid with same binding energy -8.6 kcal/

mol and the predicted Ki was found to be 31 nM. 
Therefore, both 1T2P and 2W9S has same affinity 
for dodonic acid. The conventional hydrogen bond 
formed between dodonic acid and the amino acid 
residues of 2W9S, Arg44, Thr63 and Gln65 (Figure 
2D and 2E). With 2ZCO, dodonic acid displayed 
poor binding with binding energy (ΔG) -8.0 kcal/

(D)

(E)
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mol and Ki 40 nM. Tyr10, Lys13 and Lys46 involved 
in the conventional hydrogen with dodonic acid  
(Figure 2F). S. aureus protein 3U2D displayed 
significant binding with dodonic acid with -9.3 kcal/
mol and having predicted Ki 24 nM. Conventional 
hydrogen bonds were observed between the 
ligand and Arg42, Thr194 and Gln197 (Figure 2B). 
However, S. aureus undecaprenyl diphosphate 
synthase (PBD: 4H8E) displayed high affinity for 
ligand with lowest binding energy (ΔG) -11.2 
kcal/mol with lowest concentration of predicted 
inhibition (Ki) 11 nM. Conventional hydrogen 
bonds are formed between dodonic acid and 
the binding cavity residues of undecaprenyl 
diphosphate synthase Arg84, Ser78 and Asn81 
(Figure 2C). Other non-bonded interactions are 
listed in Table. In a study of Ragi et al 28, Schiff 
base compounds has more affinity by 2W9S from 
S. aureus in sites 2 and 3 of the target (− 10.5 and 
− 9.5 kcal/mol) and interacted mainly with amino 
acid residues LEU20, ILE50, and PHE92, which were 
the main sites actives of this compound. However, 
our findings differ of those results because our 
compound had lees affinity by 2W9S (− 8.6 kcal/
mol).
 On the other hand, extracts of different 
polarities were tested as antibacterial against 

several strain of S. aureus, in a study of Khurram 
et al., which used the crude extract and four  
different fractions, the response against S. aureus 
was negative with 12.0 ± 0.3 mm of inhibition 
zone 30. Bimani et al., only found antibacterial 
activity against S. aureus in methanol extract 
at 2 mg/mL with 13 ± 0.15 mm of inhibition 
zone. The n-hexane, butanol, ethyl acetate, 
chloroform, and water extracts did not have 
any effect with inhibition zone less than 5 mm. 
However, the isolated compound named 3, 5, 
7, 3′,4′-pentahydroxyflavone (quercetin) had an 
activity of 15.00 ± 0.23 mm, being more than 
the methanol extract and the second abundant 
metabolite named hautriwaic acid which is a 
diterpenoid seemed to dodonic acid.31 On the 
other hand, Priya et al., demonstrated that the 
diethyl ether extract at 15 mg/disc had the better 
effect compared to the other extract such as ethyl 
acetate, acetone, and ethanol. These studies 
stated that the antibacterial effect could be due 
to the polar components instead of non-polar 
components.32 On the contrary, other repots 
referred to water extract with the best effect 
against S. aureus with 10 mm of inhibition zone 
at 0.25 mg/mL.33 Additionally, the ethyl acetate 
extract of D. viscosa had a better effect at 4 mg/

Figure 3. Molecular dynamics and simulation of dodonic acid bound S. aureus undecaprenyl diphosphate synthase 
(A) RMSD curve of protein (blue), and ligand (pink), (B) RMSF plot (C) Radius of gyration (Rg), (D) Number of hydrogen 
bonds formed between dodonic acid bound S. aureus undecaprenyl diphosphate synthase, (E) 2D interaction plot of 
dodonic acid bound S. aureus undecaprenyl diphosphate synthase and (F) Energy profile of S. aureus undecaprenyl 
diphosphate synthase bound to dodonic acid.

(F)
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mL with 18 mm of inhibition zone.34 Other, the 
ethyl acetate fraction at 100 µL/disc showed 16.1 
± 0.14 mm.35 According to the results of Daniel 
et al., the nanoparticles based on reduction 
of D. viscosa extract leaves might increase the 
antibacterial activity, the study evaluated three 
types of nanoparticles such as copper, zerovalent 
iron (ZVI), and silver nanoparticles, the results 
showed that ZVI had an effect of 14 mm at 10 µg/
disc and 27 mm for 100 µg/disc.36

Molecular Dynamics studies of Dodonic Acid and 
S. aureus Proteins
 Molecular dynamics and simulation (MD) 
of the dodonic acid bound S. aureus undecaprenyl 
diphosphate synthase (PDB ID: 4H8E) was 
studied in detail to understand the nature of 
possible binding motifs and structurally stable 
conformations. The root mean square deviation 
(RMSD) of C a-backbone atoms of the 50 ns 
MD simulation trajectories displayed vibrational 
deviations with 1.5 Å from beginning to end of 
simulation signifying a stable conformation of 
the protein and dodonic acid complex (Figure 3A, 
blue). While ligand RMSD was displayed very stable 
conformation throughout the simulation time  
(Figure 3A, pink). Root mean square fluctuations of 
the amino acid residue position of 50 ns simulation 
trajectories of dodonic acid bound protein was 
displayed in Figure 3B. The individual fluctuations 
of amino acid residues over a function of time from 
the reference structure (0 ns) after time 50 ns of 
the final structure of undecaprenyl diphosphate 
synthase displayed residue positions 160 and 
170 having significant fluctuations averaging 4 Å  
(Figure 3B). However, no other significant 
fluctuating residues were observed. RMSF signify 
the stable conformation of the undecaprenyl 
diphosphate synthase and dodonic acid complex. 
The radius of gyration (Rg) was also determined 
as Rg indicates the size and compactness of 
the protein in the ligand-bound state. The Rg 
plots are displayed in Figure 3C. The Rg plot of 
Cα-backbone exhibited the lowering trend of 
trajectories throughout the simulation that signify 
the compactness of the undecaprenyl diphosphate 
synthase and dodonic acid complex. Number of 
hydrogen bonds analysis has great importance 

of studying protein ligand interaction and to 
understand proper binding of ligand in protein. In 
this study, the number of hydrogen bonds formed 
between the dodonic acid and undecaprenyl 
diphosphate synthase on an average 3 throughout 
the simulation time for 50 ns. The significant 
hydrogen bonds formed between dodonic acid 
and undecaprenyl diphosphate synthase indicated 
good biding leading to significant stability  
(Figure 3D). 3D interaction plot displayed the 
formation of three significant hydrogen bonds 
between dodonic acid and amino acid residues 
Ala76, Ser78 and Asn81 of undecaprenyl 
diphosphate synthase (Figure 3E) corroborated 
the findings of simulation hydrogen bond analysis. 
The total energy profile of the protein ligand 
complex displayed a very stable formation 
having total energy approximately -220 kcal/mol  
(Figure 3F, blue) where the major contribution of 
coulomb energy (Figure 3F, red) while vdW (van 
der Waal’s) energy contributed significant but 
less (Figure 3F, green) toward the stability of the 
complex to reach global minima.

CONClUsiON

 Dodonic acid from D. viscosa was active 
against six protein targets of S. aureus such as 
dihydrofolate reductase (2W9S), Sortase-A (1T2P), 
DNA gyrase (3U2D), clumping factor A (1N67), 
undecaprenyl diphosphate synthase (4H8E) and 
dehydrosqualene synthase (2ZCO) lead to show 
the high affinity on the S. aureus undecaprenyl 
diphosphate synthase (4H8E) and might be 
considered its main action mechanism but it needs 
to be validated using in-vitro studies in the future.
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