
Type of the Paper (Article) 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Identification of potent inhibitors against Aurora kinase A using molecular docking and 

molecular dynamics simulation studies  

Sathishkumar Chinnasamy1#, Gurudeeban Selvaraj2,3,6#, Aman Chandra Kaushik1, 

Satyavani Kaliamurthi2,3,6, Asma Sindhoo Nangraj1, Chandrabose Selvaraj4, Sanjeev Kumar 

Singh4, Ramanathan Thirugnanasambandam5, Keren Gu2,6, Dong-Qing Wei1,2,3* 

1The State Key Laboratory of Microbial Metabolism, College of Life Sciences and Biotechnology, 

Shanghai Jiao Tong University, No: 800 Dongchuan Road, Minhang, Shanghai, 200240, China; 

sathishimb@sjtu.edu.cn or sathishimb@gmail.com (S.C.); amanbioinfo@gmail.com (A.C.K); 

sindhoo_sind@yahoo.com  (A.S.N.); dqwei@sjtu.edu.cn (D.Q.W).   

2Center of Interdisciplinary Science-Computational Life Sciences, College of Food Science and 

Engineering, Henan University of Technology, Zhengzhou High-tech Industrial Development Zone, 

Zone, 100 Lianhua Street, Zhengzhou, Henan 450001, China; satyavani.mkk@haut.edu.cn  (S.K.); 

gurudeeb99@haut.edu.cn  (G.S.); gkr@haut.edu.cn (K.G.).  

3Peng Cheng Laboratory， Vanke Cloud City Phase I Building 8, Xili Street, Nanshan District, 

Shenzhen, Guangdong, 518055，China 

4Department of Bioinformatics, School of Biological Sciences, Alagappa University, Karaikkudi 

630004, Tamil Nadu, India; selnikraj@gmail.com (C.S); skysanjeev@gmail.com (S.K.S), 

5Centre of Advanced Study in Marine Biology, Faculty of Marine Science, Annamalai University, 

Parangipettai 608502, Tamil Nadu, India; drtramanathan@gmail.com 

6College of Chemistry, Chemical Engineering and Environment, Henan University of Technology, 

Zhengzhou High-tech Industrial Development Zone, 100 Lianhua Street, Zhengzhou, Henan 450001, 

China. 

# Authors equally contributed 

*Corresponding Author: Prof. Dong-Qing Wei, Department of Bioinformatics, The State Key 
Laboratory of Microbial Metabolism, College of Life Sciences and Biotechnology, Shanghai Jiao Tong 

Tong University, No: 800 Dongchuan Road, Minhang, Shanghai, 200240, China, Email: 

dqwei@sjtu.edu.cn (D.Q.W); Tel.: +86 021 3420 4717; Fax: +86 021 3420 5709 32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 August 2019                   doi:10.20944/preprints201908.0238.v1

©  2019 by the author(s). Distributed under a Creative Commons CC BY license.

mailto:sathishimb@sjtu.edu.cn
mailto:sathishimb@gmail.com
mailto:amanbioinfo@gmail.com
mailto:sindhoo_sind@yahoo.com
mailto:dqwei@sjtu.edu.cn
mailto:satyavani.mkk@haut.edu.cn
mailto:gurudeeb99@haut.edu.cn
mailto:gkr@haut.edu.cn
mailto:selnikraj@gmail.com
mailto:skysanjeev@gmail.com
mailto:drtramanathan@gmail.com
mailto:dqwei@sjtu.edu.cn
https://doi.org/10.20944/preprints201908.0238.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 25 

 

Abstract: Aurora kinase A (AURKA) is a normal cell proliferation-inducing enzyme encoded by 42 

AURKA gene, with over-expression observed in different types of malignancies. Hence, the goal is 43 

to find potential inhibitors against AURKA. In this study, molecular docking, Standard Precision 44 

and Extra Precision methods were employed. After the docking study, the ligands showed an 45 

extremely low binding score which suggested very high binding affinity of the ligands. 46 

Furthermore, Quantum polarized ligand docking (QPLD) was performed to predict the binding 47 

status of the molecules. Based on the binding affinity, the top four compounds were chosen for 48 

further analysis. The docked complexes were further analyzed in explicit water conditions using 100 49 

ns molecular dynamics simulations and binding free energy calculation. Then, density functional 50 

theory (DFT) calculation was used to calculate the molecular properties of the molecules. Finally, 51 

systems biology experiments validated the molecular docking and molecular dynamics simulation 52 

studies and indicated that quercetin, kaempferol, luteolin and rutin could inhibit the AURKA. The 53 

results show that, these four molecules have high binding affinity to the AURKA and significant 54 

interactions (LEU139, GLU211and ALA213) were also identified with the hinge region of Aurora 55 

kinase A. Thus, LEU139, GLU211, and ALA213 were identified as the crucial protein mechanisms.  56 

Keywords: Aurora kinase A, Molecular Docking, DFT, MD simulation. 58 

 59 

1. Introduction  60 

 61 

Aurora kinase (AURK) is a normal cell proliferation-inducing enzyme encoded by AURK 62 

gene in humans. It belongs to the family of serine/threonine kinase [1]. Based on its function, AURK 63 

is divided into three classes: AURKA, AURKB, and AURKC, which have almost similar ATP 64 

binding sites. AURKA essentially promotes mitotic entry, nucleation, centrosome separation, 65 

microtubule, spindle assembly, and development of microtubules, cytokinesis, and mitosis exit [1,2]. 66 

[1,2]. It plays an essential role in microtubule-kinetochore attachment, chromosome condensation, 67 

chromosomal segregation, cytokinesis regulation and chromosomal alignment [1,3]. AURKC 68 

promotes meiotic chromosome segregation, however, the detailed function is not known. Earlier 69 

studies report that the aberrant expression of AURKA and AURKB was observed in different types 70 

of malignancies. Overexpression of AURKA with hyperactivation of Wnt/Ras-MAPK signaling 71 

pathway causes colorectal cancer [4]. The drug resistance and tumorigenesis of AURK-A/B causes a 72 

higher prevalence of lung adenocarcinoma [5], refractory neuroblastoma [6], human 73 

papillomaviruses positive head/neck cancer [7], gastric cancer [8], and breast cancer [9,10]. In 74 

addition, AURKA have been identified as an important prognostic marker in lung adenocarcinoma 75 

from microarray meta-analysis [11]. The consequences of the existence of AURK in various cancers 76 

have led to the selection of AURKA as the target for cancer chemotherapy [1,12]. More than 10 77 

AURK inhibitors were entered in the clinical trials, which included AMG-900 (Phase I), ENMD-2076, 78 

ENMD-2076, Alisertib, and danusertib hydrochloride (Phase II) [13-16]. The multicenter phase II 79 

study of different tumors using danusertib AURK inhibitors showed only an insignificant 80 

anti-tumor effect after unfortunate implications of systemic therapy [16]. Falchook and colleagues 81 

[17] reviewed the clinical impacts of the various AURKA, AURKB, and pan-AURK inhibitors and 82 

their AURK targets. The significant side effects of AURK inhibitors include febrile neutropenia, 83 

stomatitis inflammation, gastrointestinal disorders, and high blood pressure. A number of 84 
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researches to find nontoxic drug candidates without adverse side effects in the treatment of 85 

AURK-mediated carcinogenesis are ongoing.  86 

With this view, we have selected phytochemicals from plants, especially mangroves. A total 87 

of 148 phytochemicals, including alkaloids, flavonoids, phenolic compounds, volatile compounds, 88 

and their derivatives were identified using liquid chromatography coupled with mass-spectroscopy 89 

[18,19], gas-chromatography coupled with mass-spectroscopy [20], and reverse phase 90 

high-performance liquid-chromatographic [21,22,23] techniques from different mangroves 91 

(Supporting Information, Table S1). Studies report that these phytochemicals demonstrate different 92 

therapeutic effects, such as antimicrobial and antioxidants [24] and anti-nociceptive [25], antidiabetic 93 

[19,26], anticancer [27], wound-healing properties [28,29], having elastase, and collagenase [30], 94 

cyclooxygenase 2 [31], dipeptidyl peptidase-4 [32], PPAR-γ [33] and alpha-ketoglutarate dependent 95 

dioxygenase FTO inhibitory action [34]. Currently available aurora inhibitors namely ZM447439, 96 

Hesperadin, and VX-680 possess some side effects like alopecia, anemia, dry skin and toxicity on the 97 

bone marrow [35,36]. Therefore, there is an emerging need to find potent aurora inhibitors with low 98 

toxicity. Accordingly, we aimed to identify new AURKA inhibitors from plants based small 99 

molecules using various computational techniques such as molecular docking, quantum polarized 100 

ligand docking, molecular dynamics simulation, binding free energy calculation, and density 101 

functional theory calculation. Finally, these four compounds were validated by system biology 102 

approach.  The molecular docking was used to calculate the binding energy, which is vital to 103 

interpret the biological activity of the ligands. Molecular dynamics simulation was used to monitor 104 

and evaluate the conformational behaviors of the atoms and molecules, which validate the outcomes 105 

of the molecular docking. The Prime MM-GBSA calculation is used to predict the binding free 106 

energy for a receptor and ligands. The DFT calculation evaluates the molecular properties such as 107 

electron density, molecular electrostatic map, and frontier molecular orbital density fields (eg. 108 

LUMO and HOMO). Systems biology is an interdisciplinary field of study that focuses on 109 

employing mathematical and computational modeling to acquire knowledge on complex biological 110 

organizations. There exists several strategies to investigate biological processes with the help of 111 

molecular interaction networks. Protein–protein interaction (PPI) data is often engaged to build 112 

networks, in which proteins are revealed to be interacting with functionally related partners. This 113 

leads to the budding of functionally related sub-networks referred to as “functional modules”. 114 

Modular organization of function occurs across species, and knowledge about gene function is 115 

important. Analogous networks have also been constructed using co-expression data, genetic 116 

interaction data, and data type combinations. Nevertheless, a limitation is that these networks 117 

consist of false positive and false negative interactions, which may misrepresent functional 118 

organizations.   119 

 120 

 121 

 122 

 123 

 124 

 125 

 126 

 127 
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 128 

 129 

 130 

2. Results  131 

  132 

The computational approaches of molecular docking, DFT, QPLD, binding free energy 133 

calculation, and MD simulations were employed. The approach used in the present study is 134 

presented as a workflow in Figure 1. 135 

 136 

 137 
 138 

Figure 1. Flow chart depicting the methodology employed in the present study. 139 

 140 

2.1. Active site prediction and molecular docking 141 

The crystal structure of Aurora kinase A was obtained from protein databank 142 

(http://www.rcsb.org) with accession ID 3H10. The molecular docking study was performed by 143 

Glide XP (Schrödinger Release 2018-3: Glide, Schrödinger, LLC, New York, NY, 2018). The identified 144 

identified compounds were used in our previous study [18-34].  These compounds were docked 145 

into the active site of AURKA. All the compounds were prioritized depending on the docking score 146 

(Supporting Information, Table S2). The most promising compounds with structural diversities and 147 
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binding mode were taken on the basis of hydrogen bonding interactions and docking score. Finally, 148 

the top four compounds were chosen for further analysis. Figure 2 shows the protein ligand 149 

complexes with hydrogen bond interactions. These four inhibitors can develop H bonds with the 150 

GLU211 and ALA213 in the hinge region of the Aurora A (Figure 2). In the residues of 210–216 are 151 

the hinge region of Aurora kinase A, which plays a significant role in creating the catalytic active site 152 

site [37]. The active site residues of Aurora kinase A were fashioned by following the key residues 153 

LEU139, GLU211, and ALA213 [37]. These four inhibitors interacted with direct H-bonding network 154 

network with the main chain of AURKA, particularly the amino acid residues of LEU139, GLU211, 155 

and ALA213. Figure 2 shows that the inhibitors were binding to the active site pocket of Aurora 156 

kinase A via the H-bond interactions and the residues of GLU211 and ALA213 in its hinge region. 157 

LEU139, GLU211, and ALA213 interacted with hydroxyl group (OH) at C2 position of inhibitors. 158 

Mainly, ALA213 interacted with two groups, namely, hydroxyl group (OH) and carboxyl group 159 

(C(O)OH) of 5280343, 5280863, and 5280445. The binding mode of the 3H10-5280805 to the receptor 160 

was very strong and the bond distance was LEU139 (2.7 Å), GLU260 (1.94 Å), LYS141 (2,14 Å and 161 

2.49 Å), GLU211 (2.38 Å and 1.81 Å), ALA213 (2.17 Å), PRO214 (2.16 Å), and ASH/ASP274 (1.87 Å 162 

and 2.14 Å). In 3H10-5280343, bond distance was LEU139 (2.27 Å), ALA213 (2.23 Å and 1.99 Å) and 163 

ASH/ASP274 (1.74 Å and 1.72 Å). The 3H10-5280863 is LEU139 (2.21 Å), ALA213 (1.84 Å and 1.63 Å), 164 

Å), GLU211 (2.57), ASH/ASP274 (1.87 Å), and 3H10-5280445 was LEU139 (2.21 Å), ALA213 (1.90 Å 165 

and 2.02 Å), ASH/ASP274 (1.94 Å), LYS162 (1.87 Å). Therefore, a strong H-bonding network is 166 

formed for all the inhibitors. The docking score and hydrogen bond interactions are listed in Table 1. 167 

1. Among these four molecules, 3H10-5280805 has the highest binding affinity with the Glide score 168 

and Glide energy (Table 1). Further, 3H10-5280805 had greater number of interactions with the 169 

protein.  170 

 171 

 172 
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Figure 2. The docked protein–ligand complex with hydrogen bond interactions (A. 3H10-5280805, B. 173 

3H10-5280343, C. 3H10-5280863, D, 3H10-5280445).   174 

 175 

 176 

 177 

Table 1: Docking studies and their corresponding Glide scores, Glide energy and hydrogen bond 178 

interactions.  179 

2.2. Minimization and density functional theory (DFT) calculations 180 

2.2.1. HOMO and LUMO analysis 181 

 182 

The DFT calculations explained the vital properties of the molecular structure [38,39]. These 183 

four molecules were carried out by optimizing DFT calculation at the level of B3LYP/6-31G**. The 184 

molecules are sparkly in the chemical reactivity, HOMO-LUMO gap increases the charge transfer 185 

with the molecule. The molecular orbitals’ interactions with the other species together with their 186 

energy difference (gap) assists in quantifying the chemical reactivity of the structure which 187 

participate in the chemical reactions. Naturally, the electron density is indicated by the intensity of 188 

the color that would reflect the characteristic feature of a molecule. Parameters of molecules have 189 

been analyzed by chemical reactivity of HOMO, LUMO, and MESP. Commonly, the LUMO serves 190 

as an electron acceptor and HOMO serves as an electron donor. The HOMO and LUMO energy gap 191 

were analyzed by the stability of the structure. In the HOMO and LUMO, energy gap levels 192 

elucidate the fragile nature of reactivity as electron can be transmitted swiftly between the energy 193 

levels. In HOMO and LUMO, energy gap of the compounds are 0.15146 eV, (5280805), 0.1449 eV 194 

(5280343), 0.14763 eV (5280863), and 0.154 eV (5280445), respectively (Supporting Information, Table 195 

Table S3). Thus, the values signify that the molecules are sparkly in the chemical reactivity. The total 196 

total energy, dipole moment, HOMO, LUMO, and energy gap affected the stability of the 197 

compounds. The HOMO and LUMO plot of the inhibitors are illustrated in Figures 3 and 4. The 198 

HOMO-LUMO gap increases the charge transfer with the molecule. The charge transfer and the 199 

relation between the HOMO-LUMO gap is attained by the charge transfer with the molecule. These 200 

four molecules are plotted in a minimal amount of the HOMO and LUMO energy gap. The 201 

S. No 
Compou

nd IDs 

Glide XP docking 

Glide score 

(kcal mol-1)  

Glide energy 

(kcal mol-1) 
H-bond interactions 

1 5280805 -16.66 -72.227 

LEU139 (2.7 Å), GLU260 (1.94 Å), LYS141 (2,14 Å and 

2.49 Å), GLU211 (2.38 Å and 1.81 Å), ALA213 (2.17 Å), 

PRO214 (2.16 Å), ASH/ASP274 (1.87 Å and 2.14 Å) 

2 5280343 -12.54 -47.789 
LEU139 (2.27 Å), ALA213 (2.23 Å and 1.99 Å), 

ASH/ASP274 (1.74 Å and 1.72 Å)  

3 5280863 -10.64 -44.308 
LEU139 (2.21 Å), ALA213 (1.84 Å and 1.63 Å), GLU211 

(2.57), ASH/ASP274 (1.87 Å) 

4 5280445  -10.59 -35.614 
LEU139 (2.21 Å), ALA213 (1.90 Å and 2.02 Å), 

ASH/ASP274 (1.94 Å), LYS162 (1.87 Å) 
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color-coding region was red, indicating the most negative potential region and blue indicating the 202 

most positive potential region of the molecules. 203 

  204 

Figure 3. Plots of the highest occupied molecular orbital and lowest unoccupied molecular orbital of 205 

5280805 and 5280343. 206 

 207 

Figure 4. Plots of the highest occupied molecular orbital and lowest unoccupied molecular orbital of 208 

5280805 and 5280343.  209 

2.2.2. Molecular electrostatic potential  210 

 211 

The electrostatic potential is a handy descriptor of the knowledge about the sites of 212 

electrophilic attack, nucleophilic reactions, as well as hydrogen bonding interactions. The 213 

electrostatic potential maps were generated to review the structural aspects of a molecule as it 214 
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essentially plays a crucial role in the receptor–ligand interactions. The importance of MESP lines 215 

displays the shape, size, negative, positive, as well as neutral electrostatic potential regions of the 216 

color grading scheme. It is an important study for likely binding to the receptor site with the shape 217 

and size of the molecules. Figure 5 shows the MESP of the molecules. The blue color-coding region 218 

(signifying extremely electron deficient region) represents the most positive electrostatic potential 219 

and the red coding region (signifying electron rich) represents the most electronegative potential of 220 

the molecules. The intermediate color-coding regions are orange, green, and yellow and they prove 221 

the charges mid-way between both extremes.  222 

Highly negative ---- red < orange < yellow < green < blue ---- highly positive 223 

The electrostatic map of 5280805 reveals that highly negative points were located at atom 224 

O1, atom O3, and atom C23, whereas the highly positive points are located at atom H62, H63, H71, 225 

and H73 (Figure 5). The highly electronegative atoms of H63 and H64 interacted with the protein 226 

(Aurora kinase A) amino acid residues of ASH/ASP274 and the highly electropositive atoms of H62, 227 

H65, and H73 interacted with the residues of LEU139, GLU211, and GLU260 compared to the 228 

docking results. Interestingly, the electropositive regions interacted with the active site residues of 229 

the protein. The electrostatic map of 5280343 reveals that highly electropositive regions surround 230 

atoms H31 and H32 (Figure 5). Furthermore, 5280863 and 5280445, the most electropositive regions 231 

surround the atoms H25, H27, H29, H30, and H31 (Figure 5). Majority of the hydrogen represented 232 

are in the electropositive region of these four molecules. In all, the compound hydrogen atoms (blue 233 

region) react with nucleophilic sites. The electrostatic potential ranges were from −48.228kcal mol-1 to 234 

83.30kcal mol-1 (5280805), −63.306kcal mol-1 to 103.01kcal mol-1 (5280343), −62.182 kcal mol-1 to 235 

76.694kcal mol-1 (5280863), and −48.228 kcal mol-1 to 83.307 kcal mol-1 (5280445), respectively.  236 

 237 
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Figure 5. Three-dimensional-MESP superimposed on to a surface of constant electron density (.01 238 

e/au3) showing the most positive potential region (deepest blue color) and the most negative 239 

potential region (deepest red color) (5280805, 5280343, 5280863 and 5280445).   240 

2.3. Fukui functions  241 

 242 

Furthermore, the electron density-based local reactivity descriptors of chemical descriptors 243 

viz., Fukui functions were projected to deliver deeper insight into the chemical reactivity or 244 

selectivity at a specific site of a chemical system [39]. The possibility of nucleophilic and electrophilic 245 

attack on atomic sites can be recognized with the aid of Fukui indices. The specific ionization 246 

potential, predictor of chemical condensed reactivity, and electron affinity were calculated by the 247 

following equation.  248 

f + = (ρN + δ (r)-ρN(r))/δ-----------------(Nucleophilic attack) 249 

f - = (ρN - δ (r)-ρN(r))/δ----------------(Electrophilic attack)  250 

Here, N represents the number of electrons in the reference state of the molecule, and δ is the 251 

fraction of an electron. The Nucleophilic Fukui functions f +(r) and Electrophilic Fukui functions f - (r) 252 

for 5280805, 5280343, 5280863, and 5280445 are shown in Figures S1 and S2 (Supporting 253 

Information), respectively. The electronegativity for the carbon, nitrogen, and oxygen atoms were 254 

greater than the hydrogen atoms prone to nucleophilic attack, making the hydrogen atoms electron 255 

deficient regions.                             256 

 257 

2.4. Quantum polarized ligand docking 258 

 259 

The improved docking accuracy of QPLD predicted the accurate binding mode between 260 

Aurora kinase A and identified four molecules. It is known that the accuracy of electric charges plays 261 

a crucial role in ligand-protein interactions. The quantum mechanical calculations were obtained 262 

from the inhibitor changes in the binding site region of the protein. The redocking of these four 263 

compounds with QM/MM charges could lead to an enhanced docking precision of the 264 

ligand-protein complexes. Results of QPLD were associated with the Glide XP docking results 265 

(Supporting Information, Table S4) and it was shown that all the compounds had good fit in the 266 

active site of Aurora kinase A protein. Among these four molecules, 5280805 has high binding 267 

affinity and more stability in the active site of AURKA.   268 

   269 

2.5. Binding free energy calculation  270 

 271 

The Prime MM-GBSA method was calculated by the free energy (ΔGbind) of the selected 272 

inhibitors against Aurora kinase A. In Glide docking, XP docking poesis and QPLD poesis were 273 

obtained to perform MM-GBSA calculation and this was done using surface area energy, salvation 274 

energy, and energy minimization of the protein ligand complexes. The results of the energetic 275 

analysis of the complexes are provided in Supporting Information Table S5. Prime MM/GBSA 276 

(DGBind) range was from −97.82 kcal mol-1 (5280805), −70.51 kcal mol-1 (5280343), −65.51 kcal mol-1 277 

(5280863), and −63.74 kcal mol-1 (5280445). Among these four molecules, 5280805 have a high binding 278 
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binding score compared to 5280343, 5280863, and 5280445. The results show that, more promising 279 

contributions to the ligand binding were non-polar salvation terms (ΔGlipo), van der Waals (ΔGvdW), 280 

and covalent energy (ΔGcovalent). These identified inhibitors do not represent any important changes 281 

in their binding free energies. 282 

2.6. Molecular dynamics simulation 283 

 284 

The protein ligand complexes were performed by MD simulation study to examine the 285 

stability of the compounds to the binding site of Aurora kinase A protein. MD simulation deals with 286 

studying the behavior of protein and ligand for a particular time. The dynamic properties of the 287 

protein were evaluated based on the topology of native contacts in biological functions [40]. The 288 

crystal structure of the protein is more helpful for comparing the global motions and is observed in 289 

the experimental changes. The computational methods could be advantageously engaged for 290 

evaluating protein flexibility. The whole simulation was subjected for 100 ns in the production phase 291 

for the ligand complexes. In addition, the number of default parameters used stabilized the system.  292 

 294 

2.6.1 Root mean square displacement  295 

 296 

The structure and dynamic proprieties of the protein ligand complexes were analyzed as the 297 

backbone RMSDs during the simulation period of 100 ns. The RMSD was measured as the average 298 

distance between the backbone atoms of the protein-ligand structures and it was derived from the 299 

following equation.  300 

 301 

where N represents the total number of atoms considered in the calculation and ẟ represents the 302 

distance between the N pairs of equivalent atoms. The backbone RMSD of the Aurora kinase A is 303 

presented in Figure 6. The RMSD of 3H10-5280863 was observed at a very small deviation at 04.5 nm 304 

from 0 to 30 ns and it was stabilized after 30 ns. Among these four RMSDs, the RMSD of 305 

3H10-5280805 was more stable during stabilization throughout simulation compared to 306 

3H10-5280343 and 3H10-5280863 (Figure 6). The RMSD of the ligands are illustrated in Figure 7. In 307 

the ligand, RMSD of 3H10-5280343 fluctuated more from the beginning to 100 ns. For the RMSD of 308 

3H10-5280805 and 3H10-5280863, a more stable time of 100 ns was observed (Figure 7). In 309 

3H10-5280445, there was a small fluctuation at 01.5 nm during the simulation period of 100 ns. 310 

Moreover, the hydrogen bond interacting with the active site residues were LEU139, GLU211, and 311 

ALA213 of the 3H10. The hydrogen bond interactions throughout the simulation period of 100 ns are 312 

displayed in Figure 8. 313 
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 314 

Figure 6. The RMSD of the backbone atom of the 3H10 (Aurora kinase A) over a time period of 100 315 

ns. 316 

 317 

Figure 7. The RMSD of 5280805, 5280343, 5280863 and 5280445 in the active site of 3H10 (Aurora 318 

kinase A). 319 

 320 

Figure 8. The total number of the hydrogen bonds produced during the simulation period of 100 ns. 321 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 August 2019                   doi:10.20944/preprints201908.0238.v1

https://doi.org/10.20944/preprints201908.0238.v1


 12 of 25 

 

2.6.2. Root mean square fluctuation 322 

 323 

The root mean square fluctuations (RMSF) were assessed and plotted to equate the 324 

flexibility of each residue in the–ligand-protein complexes. The RMSF of the protein ligand complex 325 

denoted the minimized fluctuation for all the complexes (Supporting Information, Figure S3). The 326 

RMSF did not deviate much during the simulation period of 100 ns and the average RMSF values 327 

were kept constant for all the complexes.    328 

Furthermore, we have analyzed that the stabilized systems are plotted by potential energy, 329 

total energy, pressure energy, and temperature energy. These parameters analyzed by the system 330 

were stable during the MD simulation (Supporting Information, Figure S4–S7). The average 331 

potential energy value is found at −908132.7723kcal/mol-1 (3H10-5280343), −907975.0827 kcal/mol-1 332 

(3H10-5280445), −907739.6851kcal/mol-1 (3H10-5280805), and −908150.0474kcal/mol-1 (3H10-5280863). 333 

Thus, the overall standard deviation for potential energy are −908132.7723kcal/mol-1 (3H10-5280343), 334 

−907975.0827kcal/mol-1 (3H10-5280445), −907739.6851kcal/mol-1 (3H10-5280805), and 335 

−1062.344992kcal/mol-1 (3H10-5280863). The average total energy (kcal/mol-1) values are 336 

−739738.1729 (3H10-5280343), −739602.9632 (3H10-5280445), −739283.4609 (3H10-5280805), and 337 

−739756.31 (3H10-5280863), whose standard deviation for total energy was 1357.733885, 1366.734671, 338 

1382.685931, and 1359.663651, respectively. The results denoted that the potential energy and total 339 

energy reached equilibrium at the particular temperature of 300 K.     340 

 342 

2.6.3. Radius of gyration  343 

 344 

The structural flexibility of the complexes was analyzed by plotting the radius of gyration 345 

(Rg). The calculated Rg values of the 3H10 with four molecules are shown in Figure S8 (Supporting 346 

Information). The Rg value represents the mass weighted root mean square distance of an atom 347 

collection from their common center of mass. The parameters of these complexes are more stable 348 

during the simulation of 100 ns. The Rg plots of 3H10 with 5280343, 5280445, and 5280805 have 349 

similar patterns with the average Rg values in the region at 1.9 nm (Supporting Information, Figure 350 

S8). Moreover, the 3H10-5280863 deviates slightly from 1.95 to 2.0 nm. All the four compounds and 351 

3H10 are formed by constant Rg values throughout the simulation period of 100 ns (Supporting 352 

Information, Figure S8). 353 

   354 

2.7. Mass action kinetics   355 

 356 

The literature survey was carried out with the aim of identifying and gleaning the necessary 357 

necessary information for cancer. Apart from that, pharmacokinetics pathway was also created to 358 

ascertain the efficacy of the drug. While the nodes in the pathway signify the entities, the edges 359 

denote the node connectivity. Pharmacokinetics was carried out with concentrated doses of 0.40 μm. 360 

μm. Potential of the drug was established with an in-silico biochemical pathway of cancer, which in 361 

sequence was premeditated with a biology workbench of computational systems. Also employed in 362 

indicating the adequacy as well as suitability of the testing drug is the kinetics simulation or 363 

pharmacokinetics simulation. At therapeutic doses, most drugs’ pharmacokinetics is of first-order 364 
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reaction, and the Michaelis–Menten equation or mass kinetics equation can be handy to determine 365 

the non-linear kinetics scheme. To investigate the relationship, mechanism and interaction between 366 

biological organizations, it is pertinent to use biological network representations. Evidence from the 367 

literature has also shown that pharmacokinetic mechanism of cancer has been investigated with 368 

biochemical mathematical theories and models. Figures 9 illustrate pharmacokinetics simulation; 369 

similar results were also obtained with an experimentally reported concentration. The interactions 370 

and mechanism among entities can be explained with representations of biological networks. The 371 

pharmacokinetic mode of cancer can be investigated using biochemical models (Figure 10). Report 372 

from experimental studies also shows the hostile effects of cancer. What’s more, similar results have 373 

been obtained with the concentration reported in other experiments. The down regulation of entities 374 

entities is manifested in the graph (Figure 10), and this trend represents the inhibition of cancer.  375 

 376 

Figure 9. Representation of biochemical pathway of cancer in presence of Compound 1 to 4. 377 

 378 

 379 
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Figure 10. Representation of Time course simulation of entire pathway in presence of Compound1. 380 

3. Discussion 381 

The Aurora family (Aurora A, Aurora B, and Aurora C) belongs to the serine/threonine 382 

protein kinases [41]. The Aurora kinase family has emerged as an important target family for cancer 383 

therapies. The Aurora kinases play a crucial role in cell division and primarily active during mitosis. 384 

mitosis. Although, the three Aurora kinases are expressed in all dividing cells, whereas Aurora 385 

kinase A is found at the centrosome in the mitotic cells from late S and G2 phases until telophase, but 386 

but is also localized to the spindle throughout mitosis [41]. Aurora kinase A are highly homologous 387 

in sequence, particularly ATP-binding sites. The molecular constraints of the ATP binding site are an 388 

an essential step for designing inhibitors. Fancelli et al., (2005) [42] identified the ATP-binding pocket 389 

pocket of the Aurora kinase A, which can be divided into five areas (kinase hinge region, solvent 390 

accessible region, sugar region, phosphate-binding region and buried region). Hence, the hinge 391 

region (residues 210-216) plays a vital role in forming the catalytic active site. From the results of the 392 

the in silico analysis it has been established that, the selected four inhibitors had H-bonding 393 

interactions with the active site of Aurora kinase A, especially GLU211and ALA213. Further these 394 

inhibitors had better binding affinity towards the active site of AURKA. Finally, system biology 395 

experiments were validated. We mapped a broad range of disorders onto the network, before 396 

focusing more specifically on cancer. Disease pathway “modules” or clusters are known to form 397 

within molecular networks, showing overlap with functional modules. Cancer genes have been 398 

found to be especially highly connected with different types of cancer, forming highly connected 399 

overlapping modules. Our representation provides a higher-level view of the pathways and 400 

functions affected by diseases, without the inaccuracies inherent in molecular-level interaction data. 401 

It has been suggested in previous studies that, quercetin (5280343) promotes effects of Ni on human 402 

lung cancer cell invasion and migration. Further, it was reported that quercetin has ability to 403 

regulate and control the lung cancer targeting through a number of pathways namely 404 

Snail-dependent Akt activation, Snail-independent disinterring and metalloproteinase 405 

domain-containing protein9 (ADAM9) expression pathways [43,44]. And also toll-like receptor 4 406 

(TLR4) / nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) signaling [45], c-Jun 407 

N-terminal kinases (JNK) and mitogen-activated protein kinases (MAPK) pathways [46] in lung 408 

cancer cells and animal models. Notably, Xingyu et al., (2016) [47] reported that quercetin suppresses 409 

suppresses lung cancer growth by targeting Aurora B kinase in JB6 Cl41 and A549 lung cancer cells. 410 

Kaempferol (5280863) inhibits proliferation, invasion and migration of cancer cell through 411 

down-regulation of AKT and focal adhesion kinase (FAK) Pathways [48]. Also, kaempferol induced 412 

apoptosis and autophagy through up-regulating miR-340 [49], along with up-regulation of PTEN 413 

and inactivation of the PI3K/AKT pathway [50,51,52]. Kaempferol is a tetrahydroxy flavone in which 414 

which the four hydroxy groups are located at positions 3, 5, 7 and 4'. Acting as an antioxidant by 415 

reducing oxidative stress, it is currently under consideration as a possible cancer treatment. 416 

Moreover, studies reported that Luteolin (5280445) suppress the tumor growth through the 417 

activation of nuclear factor (NF)‑κB signaling, regulation of microRNA-34a-5p [53], downregulation 418 

of TAM receptor tyrosine kinases [54], phosphoinositide-dependent kinase-1 (PDK1), Akt [55] and 419 

signal transducer and activator of transcription 3 [56] signaling pathways. Zhou et al., (2017) 420 

reported that luteolin induces G0/G1 arrest and pro-death autophagy through the reactive oxygen 421 
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species-mediated AKT/mTOR/p70S6K signaling pathway [57]. Luteolin is an important dietary 422 

component of food and plant-based beverages, which have been reported to exhibit health 423 

beneficial properties, such as anti-apoptosis, anti-oxidative, antihyperuricemia, antiinflammation, 424 

and anti-hyperlipidemia [58]. The rutin inhibits the cancer cell growth by cell cycle arrest and/or 425 

apoptosis, along with inhibition of proliferation, angiogenesis, and/or metastasis in colorectal cell 426 

lines [59]. Consequently, rutin (5280805) has demonstrated that it inhibits the proliferation, 427 

attenuates superoxide production, decreases adhesion and migration of human cancerous cells 428 

through tumor necrosis factor alpha expression [60], NF-κB signaling [61] and regulation of 429 

glycogen synthase kinase (GSK-3β) [62]. These experimental reports support the present study and 430 

indicates that quercetin, kaempferol, luteolin and rutin could be potent inhibitors of AURKA. Based 431 

on this information and in silico analysis, these four inhibitors could be potent inhibitors against 432 

AURKA.  433 

4. Materials and methods 434 

 435 

4.1. Ligand synthesis  436 

 437 

The compounds were used in our perverse study [18-34] and these compounds were 438 

identified from mangrove species using GC-MS analysis. These identified three-dimensional 439 

structure of the molecules [18-22] were downloaded from the PubChem database, and these 440 

structures were assigned by LigPrip (LigPrep, Schrödinger, LLC, New York, NY, 2018-3 ). The 441 

structures were changed into MAE (Maestro) format and standardized by OPLS 2005 force field 442 

with default settings.  443 

 444 

4.2. Preparation of structure 445 

 446 

The X-ray crystallographic structures of Aurora kinase A was obtained from the protein 447 

databank (http://www.rcsb.org/), with accession ID 3H10. This AURKA was carried out by  448 

protein preparation wizard of the Glide software (Schrödinger Suite 2018-3 Protein Preparation 449 

Wizard) and it was minimized with the help of OPLS-2005 force field. Weaker restraints were 450 

applied to the non-hydrogen atoms and refinement was carried out as per the recommendations of 451 

Schrödinger Suite 2018-3 Protein Preparation Wizard. The OPLS-2005 force field is more sensitive at 452 

an intermediate docking stage and provides finer geometric details than other docking tools. The 453 

most probable positions of hydroxyl, protonation states, thiol hydrogen atoms, and Chi ‘flip’ 454 

assignments for Asn, Gln, and His residues and tautomers of His residues were chosen  by the 455 

protein assignment script of Schrödinger. The minimizations were done till the average root mean 456 

square deviation of the non-hydrogen atoms attained 0.3 Å.  457 

 458 

4.3. Active site predictions and molecular docking 459 

 460 

SitMap was used to find the binding site of the AURKA in Maestro (SiteMap, Schrödinger, 461 

LLC, New York, NY, 2018-3) with default parameters. Maps were created to divulge the binding 462 

cavity of the protein. Likely binding sites were recognized with several physical descriptors such as 463 
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hydrophobic, hydrogen bonding, linking site points, hydrophilic, a degree of exposure, size, a 464 

degree of enclosure, and tightness.   465 

The molecular docking was used to examine the binding interaction between the 466 

protein–ligand complexes [33-36]. The LCMS identified molecules were carried out by docking 467 

study in the binding site of 3H10 human protein using Glide SP and XP module (Glide, 468 

Schrödinger, LLC, New York, NY, 2018-3). The properties and shape of the receptors were 469 

characterized on a grid by several arrays of fields that provide more precise scoring to the 470 

molecules. The grid was generated with 90x80x60 grid points in XYZ and grid spacing of 0.375 Å. 471 

The hydrogen bonding constraints and geometry were applied for substrate docking study. Default 472 

parameters were performed by the experiments. Extraprecision (XP) algorithm was used in the 473 

active site of Aurora A protein. The top-ranking poses were chosen based on the Glide score for 474 

further analysis. Lastly, the top four compounds were taken for further studies.    475 

     476 

4.4. Minimization and Density Functional Theory Calculations 477 

 478 

The selected four molecules were minimized by MacroModel (MacroModel, Schrödinger, 479 

LLC, New York, NY, 2018-3) by a OPLS_2005 force field with solvation, water, and convergence 480 

conditions. Conformational search was performed by mixed MCMM/low-mode search with 1000 481 

steps per rotatable bond, and 21kJ/mol-1 energy window was utilized for retention conformers. 482 

Recognized conformers were performed by DFT using Jaguar (Schrödinger Release 2018-3: Jaguar, 483 

Schrödinger, LLC, New York, NY, 2018). DFT calculations were done to know the electronic 484 

molecular features viz., electron density, molecular electrostatic map, and frontier molecular orbital 485 

density fields, which can elucidate the biological activity and molecular features (eg. the lowest 486 

unoccupied molecular orbital and highest occupied molecular orbital). These compounds were 487 

calculated by DFT using Schrödinger Release 2018-3: Jaguar, Schrödinger, LLC, New York, NY, 488 

2018  depending on the solvation state. The conformers were analyzed via Lee–Yang–Parr 489 

correlation functional (B3LYP) and Becke’s three-parameter exchange potential4 [63-65 ] using 490 

6-31G** basic set level [66,67]. The implicit salvation model of Poisson Boltzmann Finite (PBF) was 491 

employed with single point calculations. In the present  study, 3D molecular electrostatic 492 

potentials (MESP) V(r) at a point r owing to a molecular system with nuclear charges {ZA} situated 493 

at {RA} and an electron density ρ(r) were obtained by the following equation:   494 

 495 

In the above equation, N denotes the total nuclei count in the molecules and the two terms 496 

indicate the bare nuclear potential and the electronic contributions, respectively. The molecular 497 

electrostatic properties were computed with a dipole moment, HOMO, LUMO energy, and MESP. 498 

The electrostatic potentials were assessed using van der Waals (vdW) contact surface area of the 499 

molecule. The Color-coded surface values indicate the positive electrostatic potentials and the 500 

overall molecular size. The deepest blue color indicates the most positive electrostatic potential 501 

regions and the deepest red color indicates the most negative electrostatic potential regions. The 502 

medium yellow, green shades, and orange represent intermediate ranges of reactivity. Further, the 503 

Fukui functions were calculated; they represent the changes in the molecular electron density while 504 
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adding or removing charges. Jaguar calculates Fukui functions in a finite-difference strategy as 505 

follows: 506 

f + = (ρN + δ (r)-ρN(r))/δ 507 

f - = (ρN - δ (r)-ρN(r))/δ 508 

where N denotes the number of electrons in the reference state of the molecule, and δ is the fraction 509 

of an electron. 510 

 511 

4.5. Quantum Polarized Ligand Docking 512 

 513 

The four compounds were subjected to an enhanced docking method of QPLD analysis 514 

(Schrödinger Suite 2018-3 QM-Polarized Ligand Docking protocol; Glide, Schrödinger, LLC, New 515 

York, NY). The QPLD has integrated quantum mechanical and molecular mechanical (QM/MM) 516 

calculations [68,69]. Three steps of docking were performed by QPLD; the normal Glide docking 517 

with the best ligand served as the first step. In the second step, the partial charges in the ligand 518 

atoms were replaced with the field of the receptor for the ligand complex, and the changes were 519 

assessed using the QM calculations. B3LYP density functional theory and 6-31G**/LACVP* base set 520 

was used with single point electrostatic calculation. The “Ultrafine” SCF accuracy level (iacc = 1, 521 

iac-scf = 2) was employed for the QM region. In the final step, the ligand was redocked with the 522 

updated atomic charges using Glide XP and QPLD [70].  523 

 524 

4.6. Prime/MM-GBSA Calculations 525 

 526 

The docking complexes were carried out using MM-GBSA calculation (Schrödinger Release 527 

2018-3: Prime, Schrödinger, LLC, New York, NY, 2018). The docked complexes were minimized by 528 

using local optimization feature in Prime. The OPLS-AA 2005 force field was employed for 529 

determining the binding energy for a set of receptor and ligand. The following equation was used 530 

for calculating the binding free energy:  531 

ΔGBind = ΔEMM + ΔGSolv + ΔGSA 532 

Here, ΔEMM is the variance between the minimized energy of the protein-ligand complexes, while 533 

ΔGSolv is the variation between the GBSA solvation energy of the protein-ligand complexes and the 534 

sum of the solvation energies for the protein and ligand. In ΔGSA contains some of the surface area 535 

energies in the protein and ligand and the difference in the surface area energies for the complexes. 536 

The minimization of the docked complexes was performed using a local optimization feature of 537 

Prime.  538 

 539 

4.7. Molecular Dynamics Simulation 540 

 541 

 The docking complexes were carried out by molecular dynamics (MD) simulation studies 542 

using Gromacs along with GROMOS96 43a force field [71-73]. The GROMACS topology of the 543 

molecules was generated by the PRODRG server [74] and Automatic Topology Builder server 544 

[75-77]. The system was solvated with SPC (simple point charge) water model. Proper counter ions 545 

and the cubic cell were supplemented to fulfill the electro neutrality of the system. Minimization of 546 
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all the atoms using the steepest descent minimization algorithm for 50,000 steps and tolerance of 547 

100 kJ/mol-1 [78] was subsequent to neutralization process. The system was equilibrated with NVT 548 

(same number of particles, volume, and temperature) ensemble and NPT (same number of 549 

particles, pressure, and temperature) ensemble. V-rescale was employed to monitor temperature 550 

(weak coupling method). The covalent interactions were constrained with the help of LINCS 551 

(Linear Constraint Solver) algorithm. The system was equilibrated with pressure, temperature, etc., 552 

and the equilibrated system was applied in generating MD run of 100 ns with a time step of 2 fs at 553 

300k.  Long-range electrostatic interactions were determined by Particle Mesh Ewald (PME) 554 

algorithm [79]. The atomic structural coordinates were stored with an interval of 2 ps. The 555 

trajectories acquired from each run were investigated using various modules of Gromacs; g_rmsd, 556 

g_rmsf, g_energy, g_sas, etc.  557 

 558 

4.8. Mass action kinetics   559 

Mass action kinetics are used in chemical engineering and chemistry fields to demonstrate 560 

the direct relationship between the rate of reaction and the product of the concentration of 561 

reactants; with mass action kinetics, researchers can accurately predict whether a chemical reaction 562 

is second-order, first-order, zero-order, or reversible reactions.  563 

 The simple differential equation of mass-action kinetics generates polynomial vector fields. For 564 

instance, 565 

A + B  C 566 

[rate of chemical reaction]  [A][B] or [rate of reaction] = k[A][B] 567 

where [B] and [A] represent the concentrations of B and A, respectively, and k denotes the rate 568 

constant or proportionality rate. This value is always greater than zero, and it is influenced by the 569 

temperature of the reactants. Hence, the rate of chemical reaction can be written as follows: 570 

 571 

 572 

 573 

 574 

5. Conclusion 575 

 576 

In summary, this study identified inhibitors against AURKA and identified four inhibitors 577 

using various in silico analysis. The computational studies provided deeper structural insight to the 578 

interacting residues of LEU139, GLU211, and ALA213 with the hinge region of AURKA. 579 
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Furthermore, the molecular dynamics simulation was used to understand the conformational 580 

changes on the ligand protein complexes. In MM-GBSA analysis, the molecular docking studies 581 

were validated and it was shown that the derivative molecules were a binding capably of the 582 

AURKA. Also, density functional theory calculations were confirmed for a small amount of 583 

HOMO–LUMO energy gap. These computational studies indicated that, the binding properties of 584 

the inhibitors could be utilized as potential therapeutic agents against Aurora kinase A.  585 
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