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 ABSTRACT: The elevation of AKT activity in many aggressive tumors, and AKT 

signaling is frequently compromised in various cancers. The range of AKT inhibitors' 

therapeutic effects extends beyond cancer management. AKT inhibitors may 

potentially be used to treat cancer. The study aims to find a potent drug compound 

from D. kaki polyphenols that could serve as an AKT1 inhibitor. In silico study using 

Molecular operating environment (MOE) software was employed to find the 

therapeutic potential of phytochemicals from D. kaki against AKT1 via molecular 

docking and drug-like properties. Results of the study revealed that acarbose 

(compound 1) has the highest docking score of -7.4615 with receptor protein 6CCY, 

followed by quercetin 3-O-glucoside (compound 2) with a docking score of -

6.86404133 measured in terms of kcal/mol. Pocket residues involved in protein-ligand 

interaction was GLU234, GLU278, ASP292, ASN79, LYS276, LYS189, PHE161, HIS194, 

LYS179, ASP291, LYS158, GLU278. Thus, bioactive compounds from D. kaki may be a 

potentially novel anticancer agent by inhibiting AKT1. 

Keywords: Diospyros kaki; AKT1; molecular docking; in silico; phytochemicals; 

anticancer. 

 

 
1. Introduction 
The AGC family of kinases includes AKT, protein 
kinase B (PKB), and a serine/threonine-specific 
protein kinase. Mammals have three AKT 
isoforms that are closely related to one another: 

AKT1, AKT2, and AKT3 (Santi et al., 2019; Hinz 
and Jücker, 2019). All of these AKT isoforms 
share a three-domain structure that includes an 
N-terminal pleckstrin homology (PH) domain 
that interacts with phosphatidylinositol-3-kinase 
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(PI3K), a C-terminal catalytic kinase domain that 
has an ATP-binding site, and a hydrophobic 
motif (HM) (Barile et al., 2010). The catalytic 
domain of AKT isoforms exhibits a high degree 
of sequence homology, but the other two 
domains exhibit some variation. AKT1 and AKT2 
are present in all tissues, whereas AKT3 is mostly 
prevalent in the heart, kidney, and brain. AKT, a 
critical enzyme in the PI3K cascade, is essential 
for controlling various cellular processes. AKT 
has several important roles in the body, including 
promoting cell growth, cell cycle progression, cell 
survival, and inhibiting apoptosis by inactivating 
more than 20 pro-apoptotic proteins (Santi et al., 
2019; Nitulescu et al., 2018; Altomare and Testa, 
2005; Manning et al., 2002). AKT activity is 
elevated in many aggressive tumors, and AKT 
signaling is frequently compromised in various 
cancers. Consequently, these enzymes are 
viewed as prospective targets for creating new 
anticancer medications (Mundi et al., 2016; 
Dumble et al., 2014; Kumar et al., 2013). However, 
AKT inhibitors' therapeutic effects extend 
beyond cancer management. According to recent 
studies, AKT inhibitors may potentially treat 
neurological disorders, diabetes, obesity, 
cardiovascular conditions, idiopathic pulmonary 
fibrosis, and inflammatory and autoimmune 
diseases [Huang et al., 2018; Nitulescu et al., 2018; 
Hers et al., 2011]. At least seven AKT inhibitors 
are presented through various phases of clinical 
trials. (Song et al., 2019). Most of these drugs have 
undergone clinical testing, and because they bind 
to the catalytic region of the enzymes, they 
simultaneously block all three AKT isoforms (i.e., 
pan-AKT inhibitors). Allosteric inhibitors, 
however, were also created to increase selectivity 
towards one or more AKT isoforms (Narayan et 
al., 2017). As an illustration, an allosteric inhibitor 
with stronger selectivity for the AKT1 and AKT2 
isoforms is BAY1125976. However, it has yet to 
be clinically proven that isoform-specific AKT 
inhibitors are superior to pan-AKT inhibitors 
(Song et al., 2019; Brown et al., 2017). However, it 
has already been established that when creating 
novel AKT inhibitors, bioactivity against all three 
isoforms should be taken into account. 
Furthermore, because many natural products 
contain numerous bioactive chemicals, including 
alkaloids, polyphenols, and flavonoids, which 
have antioxidant and anti-mutagenic properties, 
they inhibit the proliferation of cancer cells (Zhou 
et al., 2014; Pan et al., 2010). Diospyros kaki, a 
persimmon, is a member of the Ebenaceae family 

of plants and is widely farmed in East Asia, 
including Korea, China, and Japan. Although D. 
kaki's fruits are frequently eaten as food due to 
their advantageous qualities, the plant's leaves 
are frequently utilized in traditional medicine 
(Choi et al., 2016). D. kaki leaves are abundant in 
bioactive substances, such as polyphenols, flavonoids, 
and terpenoids (Izuchi et al., 2009). Quercetin and 
kaempferol, as well as their glycoside, 
galactoside, or galloylated derivatives, are 
present in ethanol extracts of D. kaki leaves (Kim 
et al., 2015).  
To date, it has been demonstrated that using 
machine learning-based (ML) technologies to 
design and find therapeutically effective 
medicines is a very effective strategy (Halder et 
al., 2019; Lo et al., 2018; 2016). Therefore, we need 
to research these new healthy natural ingredients 
and assess their effectiveness as cutting-edge 
cancer therapies. We evaluated the anticancer 
phytonutrients of D. kaki's via molecular docking 
studies to check the interactions of these 
compounds with AKT1 target.  
2. METHODS AND MATERIALS  
2.1. Target Retrieval and Ligand Preparation  
The crystal structure of AKT1 protein (PDB 
ID:6CCY) with resolution 2.18Å (Parthasarathy et 
al. 2018) was retrieved from the Protein Data 
Bank (https://www.rcsb.org). The isolated 
compounds of D. kaki L. were used for a 
molecular docking study. The molecular 
structures of the reported compounds were 
drawn in ChemBioDraw Ultra 13.0, and all the 
structures were saved in mol files. The mol 
format of ligands was opened in Molecular 
Operating Environment (MOE) software 
(Chemical Computing Group Inc., 2016) (Version 
2014.09) for 3D protonation and energy 
minimization and saved in MDB files for 
molecular docking. Roundabout 28 polyphenolic 
compounds have been reported in the literature 
for D. kaki L. (Direito 2021; Hossain 2021; Kwon 
2021; Maulidiani 2018; Yaqub 2018; Butt 2015). 
2.2. Structure validation 
Ramachandran plot was generated to check and 
verify the protein's structure prior to docking. By 
evaluating parameters, including favored, 
allowed, and outlier regions of amino acid 
residues in the predicted protein structure, MOE 
software was used to construct Ramachandran 
plots for validating 6CCY protein structures. The 
Ramachandran plot was generated using MOE 
software using the PDB files of the protein from 

https://www.rcsb.org/
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the best model. For the projected model, a 
Ramachandran plot was produced. 
2.2. Receptor Preparation 
The MOE program was used to open the 6CCY 
PDB structure after it had been retrieved, and all 
of the water molecules were removed. 3D protein 
protonation and energy minimization were 
performed using the default MOE software 
parameters to obtain a stable protein structure. 
2.3. Active Site Prediction 
The active docking site was identified utilizing 
the MOE's site finder feature, which also served 
as a predictor of the active site. Utilizing the 
receptor's three-dimensional (3D) atomic 
coordinates, the Site Finder tool was used to 
determine potential active sites (6CCY protein). 
In order to choose dummy atoms from the 
receptor for probable docking sites for ligand 
binding, calculations must be made. 

2.4. Molecular Docking 
For docking purposes, the MDB ligand files were 
selected while keeping the MOE package default 
parameters such as placement: triangular 
matcher, rescoring 1: London dG, rescoring 2: 
GBVI/WSA, and refinement: Force field (Rahman 
et al. 2019). Ten conformations were created for 
each ligand, and the top-ranked conformations 
were selected based on docking score and residue 
interaction to evaluate lead compounds.  
3. Results 
The protein 6CCY consists of a total of 343 amino 
acid residues. The evaluation of crystal structure 
of the protein by Ramachandran plot showed 
most of the amino acid residues (97.37%) were 
found in the core region, eight (2.33%) were 
found in the allowed region, and only one amino 
acid, ASP324 (0.29%), was found in the outlier 
region, as shown in Fig 1. 

 

Figure 1. Structural analysis of the 6CCY protein by Ramachandran plot. 

The active site (pocket) of 6CCY protein have 
LEU156, GLY157, LYS158, GLY159, PHE161, 
GLY162, LYS163, VAL164, ALA177, LYS179, 
ILE180, LEU181, ILE186, GLU191, HIS194, 
THR195, GLU198, LEU202, THR211, MET227, 
GLU228, GLU234, PHE236, PHE237, SER240, 
ARG241, ASP274, LYS276, LEU277, GLU278, 
ASN279, LEU280, MET281, THR291, ASP291, 
PHE291, GLY294, LEU295, THR312, GLU314, 

TYR315, GLU341, LEU347, TYR350, PHE438, 
ASP439, GLU441, PHE442. 
Of the 28 docked compounds from D. kaki L., 25 
show interactions with the target protein. Three 
compounds did not show any interaction. Five 
compounds showed docking scores of more than 
6 kcal/mol. The docking score of all docked 
compounds is shown in Table 1. 
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Table 1: Demonstrating the common name, chemical structure, docking score with target proteins, and 
ligand properties 

 Name of 

compound 

Compound structure Docking 

score in 

kcal/mol 

Ligand Properties 

1 Acarbose  

 

-7.4615 Toxic: no 

Rsynth: 72.73% 

Weight: 644.60 g/mol 

TPSA: 331.41 A˄2 (don: 12, acc: 

18) 

logP: -8.71 

logS: 1.36 

2 Quercetin 3-O-

glucoside 

 

-

6.86404133 

Toxic: no 

Rsynth: 100% 

Weight: 464.38 g/mol 

TPSA: 206.60 A˄2 (don: 8, acc: 11) 

logP: -8.71 

logS: 1.36 

3 Procyanidin 

 

-

6.55342913 

Toxic: no 

Rsynth: 100% 

Weight: 594.52 g/mol 

TPSA: 229.99 A˄2 (don: 10, acc: 

13) 

logP: 3.24 

logS: -4.02 

4 Quercetin 3–2-

galloylglucoside 

 

-

6.20982599 

Toxic: no 

Rsynth: 100% 

Weight: 615.48 g/mol 

TPSA: 276.19 A˄2 (don: 9, acc: 14) 

logP: 3.24 

logS: -4.02 

5 kaempferol 3-

(200-

galloylglucoside 

 

-

6.17157125 

Toxic: no 

Rsynth: 100% 

Weight: 599.48 g/mol 

TPSA: 255.96 A˄2 (don: 8, acc: 13) 

logP: 0.98 

logS: -4.28 

6 Epigallocatechin 

gallate 

 

-

5.95677948 

Toxic: no 

Rsynth: 100% 

Weight: 458.37 g/mol 

TPSA: 197.37 A˄2 (don: 8, acc: 10) 

logP: 2.33 

logS: -2.67 
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7 Gallocatechin 

gallate 

 

-

5.83148289 

Toxic: no 

Rsynth: 100% 

Weight: 458.37 g/mol 

TPSA: 197.37 A˄2 (don: 8, acc: 10) 

logP: 2.33 

logS: -2.67 

8 Epicatechin 

gallate 

 

-

5.82633543 

Toxic: no 

Rsynth: 37.50% 

Weight: 442.38 g/mol 

TPSA: 177.14 A˄2 (don: 7, acc: 9) 

logP: 2.62 

logS: -3.03 

9 Avicularin 

 

-5.7750802 Toxic: no 

Rsynth: 100% 

Weight: 434.35 g/mol 

TPSA: 186.37 A˄2 (don: 7, acc: 10) 

logP: -0.09 

logS: -2.75 

10 Catechin gallate 

 

-

5.61706924 

Toxic: no 

Rsynth: 37.50% 

Weight: 442.38 g/mol 

TPSA: 177.14 A˄2 (don: 7, acc: 9) 

logP: 2.62 

logS: -3.03 

11 Epi) catechin 

 

-

5.51410484 

Toxic: no 

Rsynth: 4.76% 

Weight: 290.27 g/mol 

TPSA: 110.38 A˄2 (don: 5, acc: 6) 

logP: 1.64 

logS: -1.74 

12 Gallocatechin 3'-

O-gallate 

 

-

5.51261759 

Toxic: no 

Rsynth: 39.39% 

Weight: 458.37 g/mol 

TPSA: 197.37 A˄2 (don: 5, acc: 6) 

logP: 1.98 

logS: -2.76 

13 Cyanidin 

 

-

5.43803072 

Toxic: no 

Rsynth: 100% 

Weight: 287.25 g/mol 

TPSA: 114.29 A˄2 (don: 5, acc: 5) 

logP: 2.91 

logS: -3.69 
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14 Galangin 

 

-

5.35146093 

Toxic: no 

Rsynth: 100% 

Weight: 270.24 g/mol 

TPSA: 86.99 A˄2 (don: 3, acc: 4) 

logP: 2.60 

logS: -3.50 

15 Epi) gallocatechin 

 

-

5.29366398 

Toxic: no 

Rsynth: 100% 

Weight: 306.27 g/mol 

TPSA: 130.61 A˄2 (don: 6, acc: 7) 

logP: 1.35 

logS: -1.37 

16 Kaempferol-3-O-

glucoside 

 

-

5.33244085 

Toxic: no 

Rsynth: 100% 

Weight: 447.37 g/mol 

TPSA: 189.20 A˄2 (don: 6, acc: 10) 

logP: 0.00 

logS: -2.98 

17 Myricetin 

 

-

5.09705639 

Toxic: no 

Rsynth: 100% 

Weight: 318.25 g/mol 

TPSA: 147.68 A˄2 (don: 6, acc: 7) 

logP: 1.72 

logS: -2.41 

18 Quercetin 

 

-

5.03358841 

Toxic: no 

Rsynth: 100% 

Weight: 302.24 g/mol 

TPSA: 127.45 A˄2 (don: 5, acc: 6) 

logP: 2.01 

logS: -2.77 

19 Pelargonidin 

 

-

4.76280403 

Toxic: no 

Rsynth: 100% 

Weight: 271.25 g/mol 

TPSA: 94.04 A˄2 (don: 4, acc: 4) 

logP: 3.20 

logS: -4.05 

20 Oleanolic acid 

 

-

4.63903522 

Toxic: no 

Rsynth: 0.00% 

Weight: 455.70 g/mol 

TPSA: 60.36 A˄2 (don: 1, acc: 3) 

logP: 5.90 

logS: -8.88 
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21 Ellagic acid 

 

-

4.60883141 

Toxic: no 

Rsynth: 0.00% 

Weight: 302.19 g/mol 

TPSA: 133.52 A˄2 (don: 4, acc: 6) 

logP: 1.24 

logS: -4.12 

22 Stigmasterol 

 

-

4.56021881 

Toxic: no 

Rsynth: 100% 

Weight: 412.70 g/mol 

TPSA: 20.23 A˄2 (don: 1, acc: 3) 

logP: 7.80 

logS: -10.83 

23 Dihydroquercetin 

 

-

4.48584414 

Toxic: no 

Rsynth: 100% 

Weight: 304.25 g/mol 

TPSA: 127.45 A˄2 (don: 5, acc: 7) 

logP: 1.28 

logS: -2.01 

24 Kaempferol 

 

-

4.40495872 

Toxic: no 

Rsynth: 100% 

Weight: 286.24 g/mol 

TPSA: 107.22 A˄2 (don: 4, acc: 5) 

logP: 2.31 

logS: -3.14 

25 Ursolic acid 

 

-4.1716671 Toxic: no 

Rsynth: 0.00% 

Weight: 455.70 g/mol 

TPSA: 60.36 A˄2 (don: 1, acc: 3) 

logP: 5.90 

logS: -8.88 

26 Betulinic acid 

 

No 

docking 

 

27 Delphinidin 

 

No 

docking 
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28 Proanthocyanidin 

A2 

 

No 

docking 

 

 

Acarbose (compound 1) showed the highest 

docking score of -7.4615 kcal/mol with the target 

protein. GLU234, GLU278, and ASP292 residues 

of the target protein show three acidic (sidechain 

donor) interactions with OH moiety of the same 

benzene ring of compound 1. ASN79 also 

showed an acidic (side chain donor) interaction 

with the OH group of another benzene of docked 

ligand. LYS276 and LYS189 exhibit polar bonds 

(side chain acceptors) with the oxygen and OH 

moiety of the benzene ring of compound 1. The 

hydroxyl group of the benzene ring exhibits 

arene-H interactions with PHE161 and HIS194 of 

the target protein. LYS179 exhibits metal/ion 

contact with the oxygen moiety. All the 2D 

interactions are shown in Figures 2a and 2b.  

  

Figure 2. The a and b visualization of the 2D interaction of compound 1 with target protein 6CCY. The 

types of interactions are also shown in figure c. 

Quercetin 3-O-glucoside (compound 2) shows a 

docking score of -6.86 kcal/mol with the target 

protein. The hydroxyl moiety of compound 2 

possesses two polar bonds (side chain acceptor) 

with GLU234 of the target protein. The hydroxy 

moiety has a polar contact (side chain acceptor) 

with ASP291. LYS158 and GLU278 also have 

good interactions with the ligand. All 

interactions are shown in Figure 3.
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Figure 3. The a and b schematic 3D structures of the potent compounds acarbose 6CCY receptor and bond 

distance in Å. The receptor's inhibitory binding sites display chemical interactions with the ligand atoms 

and associated amino acids. 

4. Discussion 
Alternatives that may be examined include 
substances made from natural sources. 
Particularly, edible natural products have 
bioactive ingredients with fewer adverse effects 
(Vuorela et al., 2004; Firn et al., 2003; Bindseil et al., 
2001). Molecular docking was employed to 
perform the library’s virtual screening of 
phytochemicals from D. kaki L. against the 
targeted protein (6CCY). The current study is the 
first report of D. kaki L. polyphenols tested 
against 6CCY proteins. The current study results 
show that compound 1 (acarbose) has the highest 
binding energy (-7.4615) with the target protein. 
According to Adinortey et al., acarbose is the 
most popular T2DM therapy option. Acarbose, a 
medication approved by the FDA, binds to the 
target protein with a binding energy of 34.3 
kJ/mol. Twelve hydrogen bond interactions 
between acarbose and the protein's seven 
residues, Asp282, Asn524, Phe525, Arg600, 
Asp616, and His764, were also discovered. 
Except for His764, which had a 3.05 Å hydrogen 
bond length, all of its hydrogen bond lengths 
were below 3.0Å (Adinortey et al., 2022). The 
compound 1 binding energy is much lower than 
that previously reported by Adinortey et al. Han 
et al. demonstrated that administration of 

acarbose caused Akt levels to rise substantially. It 
has been shown that diabetic rats given acarbose 
displayed enhanced insulin-induced Akt 
activation in adipocytes (Han et al., 2017). The 
present in silico study reported that compound 1 
showed good binding energy with AKT1 protein 
and can act as a potent inhibitor of the protein. A 
study by Xu et al. reported that the amino acids 
GLU277, HIS351, and ASP352, which are a part of 
the catalytic residues of isomaltase and were 
thought to play important roles in the catalytic 
mechanism as the corresponding residues of 
GLU275, HIS348, and ASP349 in -glucosidase, 
were found surrounding acarbose, a competitive 
inhibitor against α-glucosidase (Xu et al., 2019). 
Compound 1 shows interaction with different 
amino acid residues from the study of Xu et al., as 
the binding pocket of both target proteins 
possesses different amino acids. A study by 
Zhang et al. documented that the glide score for 
acarbose in the active N-terminal maltase-
glucoamylase (2QMJ) was −7.34 kcal/mol. For C-
terminal maltase-glucoamylase (3TOP), the glide 
score for acarbose in the active site (site 3) was 
−8.00 kcal/mol. For N-terminal sucrase-
isomaltase (3LPP), the glide score for acarbose in 
the active site (site 3) was −7.13 kcal/mol (Zhang 
et al., 2017). The glide score reported by Zhang et 
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al. for the different target proteins is almost 
identical to the docking score reported in the 
current study. The interaction of acarbose and 
amylase involves six conventional H-bonds with 
five amino acids (Gln63, Asn105, Thr163, His299, 
and Asp300). Similarly, acarbose and glucosidase 
interactions showed four H-bonds with Tyr301, 
Gln302, Asn306, and Met331 (Sarma et al., 2021). 
The results of Lee et al. in vitro study 
hypothesized that quercetin-3-O glucoside 
would prevent the local spread of pancreatic 
tumors caused by various growth stimuli (Lee et 
al., 2018). In the current in silico study, it is proved 
that compound 2 could act as a potential inhibitor 
of AKT1 in cervical cancer. Balogun et al. reported 
that with a binding energy of -6.635 kcal/mol, 
quercetin-3-O-glucoside has the highest affinity 
for the active site of BRCA-1. Active site research 
revealed the following essential amino acids to be 
involved in the protein-ligand interaction: ASN 
1678, ASN 1774, GLY 1656, LEU 1657, GLN 1779, 
LYS 1802, SER 1655, PHE 1662, ARG 1699, GLU 
1698, and VAL 1654 (Balogun et al., 2021). The 
results of the current study align with the reports 
of Balogun et al. in terms of docking scores. 
However, the binding residues reported in both 
studies are different because of the protein 

structure. Both target proteins possess different 
pockets. 
5. Conclusion 
As a result of the rising instances of adverse 
effects brought on by synthetic pharmaceuticals, 
there is an increased demand worldwide for 
natural products, which has created a need for 
the scientific verification of conventional medical 
practices. A well-known healthy food called D. 
kaki has some bioactive chemicals, which have 
pharmacological effects. In Among the 
phytochemicals of the D, kaki, acrabose and 
quercetin 3-O-glucoside have strong binding 
affinity with AKT1 target.  By inhibiting AKT1, 
bioactive chemicals from D. kaki may be a 
potentially novel anticancer drug. More research 
is necessary to comprehend the mechanisms 
underlying this advantageous effect brought on 
by the administration of phytochemicals. 
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