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Abstract
Glycogen synthase kinase 3β (GSK3β) is a
serine/threonine kinase that has enzymatic activity
regulated by many signaling pathways and by
distinct multiproteincomplexes. Glycogen synthase
kinase-3β (GSK-3β) has been investigated for its
potential
binding
affinity
with
selective
anthraquinones
like
aesculin,
aesculetin,
anthragallol, damnacanthal, lucidin, morindone,
nordamnacanthal and Rubiadin. Insilico docking
studies showed that almost every ligands with
better binding affinity and a satisfactory inhibition
constant.
Among
them
damnacanthal,
nordamnacanthal, Anthragallol and morindone
showed lowest free energy of binding through
interaction with potential areas of amino acids
exposed at the active site crucial for enzyme
inhibition. These ligands can be targeted towards
the inhibition of Glycogen synthase kinase-3β
(GSK-3β) involved in specific neoplastic disoders
like prostate cancer, oral cancer etc.
Keywords: Anthraquinone, GSK3β, insilico docking,
Neoplasia.

1. Introduction
Glycogen synthase kinase 3β(GSK3β) is a
serine/threonine kinase that has enzymatic activity
regulated by many signaling pathways and by
distinct multiprotein complexes[1].Targeting GSK3β
inhibition is of increased importance in the field of
neoplasia. Being serine/threonine kinase, their
impact lies on physiological roles and in diseases
are based upon primed phosphorylated state of
glycogen synthase [2].
Treating oral cancer through GSK3β inhibition on
the basis of the inactivation of GSK3β may behave
like an oncogene, and its gradual/sustained
inactivation may promote oral cancer. Though most
of the upstream and downstream targets and their
expression status correlate with the understanding
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of GSK3β inactivation, real, direct assessment
should be attempted. If the activated form of GSK3β
is non-toxic to normal oral epithelial cells, as was
found in animal models, then the manipulation of
the activated GSK3β provides hope for treating oral
cancer [3].
Glycogen Synthase Kinase-3 is involved in the
phosphorylation and suppression of androgen
receptor activity. Kinases can phosphorylate and
regulate androgen receptor activity during prostate
cancer progression. In particular, we showed that
glycogen synthase kinase-3 phosphorylates the
androgen receptor, thereby inhibiting androgen
receptor-driven
transcription.
The
glycogen
synthase
kinase-3inhibitor
lithium
chloride
suppressed the glycogen synthase kinase-3mediated phosphorylation of the androgen receptor,
thereby
enabling
androgen
receptor-driven
transcription to occur [4].
Flavonoids showed invitro gsk3β inhibition [5].
Six anthraquinones (nordamnacanthal, alizarin-1methyl ether, rubiadin, soranjidiol, lucidin-ω-methyl
ether and morindone) isolated from the cell
suspension culture of Morinda elliptica were
assayed for antitumor promoting and antioxidant
activities [6].
Figure 1 show the crystal structure of GSK3β.
GSK3β posses typical two-domain kinase[7] fold
with a β-strand domain (residues 25–138) at the Nterminal end and an α-helical domain at the Cterminal end (residues 139–343) . The ATP-binding
site is at the interface of the α-helical and β-strand
domain and is bordered by the glycine-rich loop and
the hinge. The activation loop (residues 200–226)
runs along the surface of the substrate binding
groove. The C-terminal 39 residues (residues 344–
382) are outside the core kinase fold and form a
small domain that packs against the α-helical
domain [8].
The anthraquinone derivatives were selected in
order to analyse the binding affinity on the crystal
structure of Glycogen synthase kinase 3 beta
through computational docking study.
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Figure 1. Crystal structure of glycogen synthase kinase 3 beta showing the glycine rich loop and activation loop (RCSB
PDB CODE: 1I09).

We have employed AutoDock 4.2 in order to
evaluate the binding affinity. AutoDock 4.2 utilizes
Monte Carlo simulated annealing and Lamarckian
genetic algorithm (LGA) to create a set of possible
conformations [9]. LGA is used as a global
optimizer and energy minimization as a local
search method. For the evaluation of possible
orientations, AMBER force field model in
conjunction with free energy scoring function is
used. Coordinate files preparation, atomic affinities
(AutoGrid) calculation.
Semi
empirical
free
energy force field is used to evaluate
conformations during docking. The Ligand and
protein stay in an unbound conformation. Then
binding is evaluated in two steps by force field.
Force field evaluates intramolecular energetics
during the translation from their unbounded
states to the conformation of both ligand and
protein into the form of bound state [10].

2. Materials and Methods
The crystal structure of the investigational enzyme
Glycogen Synthase kinase-3beta (gsk-3β) was
downloaded from RCSB protein data bank bearing
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the PDB code – 1I09. Python 2.7 - language
downloaded from www.python.com, cygwin- a data
storage
c:\program
downloaded
from
www.cygwin.com, MGL (Molecular Graphics
Laboratory) tools–AutoDock4.5 downloaded from
www.scripps.edu, Chem sketch downloaded from
www.acdlabs.com.
Python
2.5
downloaded
simultaneously during cygwin download, Accelry’s
Discovery studio visualizer 3.1–downloaded from
www.accelerys.com, Chem Office package- Chem
3D ultra- from www.cambridgesoft.com.
Investigational ligands have designed using
Chem sketch. Designed ligands were converted to
3D structures and optimized for energy minimization
using Chem 3D ultra. The optimized ligands were
shown in Figure 2. The optimized ligands with their
log P values, lipinski’s rule of 5 (no of violations),
molar mass, molecular formula, and no of torsions
are given in Table 1.
Molecular docking was performed in making
enzyme molecule rigid and ligand to get flexible, in
this way different conformation arises during each
run and the best conformer fits with lowest binding
energy (kcal/mol).
Rigid docking [10]was performed using the latest
version of AutoDock 4.2.The enzyme molecule is
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loaded and stored as gsk3b.pdb after assigning
hydrogen bonds and kollman charges. The
investigative ligand was loaded and their torsions
along their rotatable bonds are assigned and their
file is saved as ligand.pdbqt. Grid menu is toggled,
after loading enzyme.pdbqt the map files are

selected directly with setting up grid points with 40
x40x40 dimensions for the searching of ligand
within the active site of the enzyme molecule. This
way the grid parameter files are created with setting
up of map files directly

Figure 2. Image showing the energy minimized 3-dimensional Optimized ligands used for docking process.

Table 1. List of ligands showing their molecular formula, molar mass, hydrogen acceptors, hydrogen bond donors, Log
P values, torsions.

S.No

Ligands

Molecular
Formula

Molar
Mass
−1
g mol

CAS
Number

01.

Aesculin

C15H16O9

340.28

531-75-9

3

5

-1.0

0

8

02.

Aesculetin

C9H6O4

178.14

305-01-1

2

2

1.18

0

2

03.

Anthragallol

C14H8O5

256.21

602-64-

2

3

2.66

0

3

04.

Damnacanthal

C16H10O5

282.25

477-84-9

3

1

2.82

0

3

05.

Lucidin

C15H10O5

270.23

478-08-0

2

3

2.19

0

4

06.

Morindone

C15H10O5

270.23

478-29-5

3

3

3.82

0

3

07.

Nordamnacanthal

C15H8O5

268.22

3736-59-2

3

3

3.74

0

3

08.

Rubiadin

C15H10O4

254.23

117-02-2

2

2

3.47

0

2

Followed by, setting up of docking parameter files
with search parameter as genetic algorithm and
docking parameter utilizing Lamarckian genetic
algorithm. Then the docking process is carried out
using cygwin interface and their results are viewed
after final Lamarckian genetic algorithm gets
completed successfully.
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Hydrogen Hydrogen
Rule of 5
bond
bond
Log P
No of
acceptors donors
Violations

Torsions

3. Results and Discussion
The free energy of binding elicited at the vicinity
of active site by the ligand can be found from Table
2. Among the ligands, damnacanthal was found to
possess lowest binding energy -7.23kcal/mol, with
an estimated inhibition constant (kI) of 4.98uM. This
free energy of binding was maintained in three
conformations. The cluster RMSD values with
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respective to reference RMS values were given in
Table 3.The chemically diverse nor-damnacanthal
showed lowest binding energy of -6.94 kcal/mol with
double the value of estimated inhibition constant, kI
(8.25 µM) on comparing with damnacanthal.
Anthragallol and morindone shared a similar binding
affinity values (-6.68kcal/mol) and estimated
inhibition constant, kI (12.7 µM) but their
conformations at the active site was found to be
varied. Rubiadin and lucidin has a slight deviation in
energy creation at the actve site (-6.63 & -6.36
kcal/mol) but desired kI value of 13.92 µM 21.68 µM
with respect to other ligands under study.
Aesculetin and aesculin positioned with a binding
affinity of -5.42 and -5.99 kcal/mol at the active site.
This type free energy binding showed a higher kI
values for aesculetin(105.78 µM) and aesculin
(40.57 µM) when compared with other ligands.
Free energy of binding (kcal/mol) created at the
vicinity of an active site decides the potential
interaction of a ligand and the protein (enzyme or a
receptor) macromolecule. Rigid docking process

carried out using Lamarckian genetic algorithm
tends the ligands to be flexible at the receptor site,
whereas the exposed amino acid residue stays as
such rigid in their position. Maximum of ten poses
generated by the ligands fixes up towards with its
interaction energy. Lowest binding energy gives out
the maximum potential interaction with a stable
conformer [11]. Accordingly, investigational ligands
like damnacanthal, nordamnacanthal, morindone,
Rubiadin, lucidin involved in creation of lowest
binding energies at the active site of targeted x-ray
crystal structure of gsk3beta. The conformers
generated at the active site depend upon the
interaction energy of amino acid with the ligands.
Among the amino acids exposed at the active site
gorge, those involved in ligand interaction are
Asn64, Ser66, Lys85, Val135, Thr138, Lys183,
Asp200, Phe201. Analyzing the binding site and
hydrogen bond length, complete information was
obtained on the nature of interaction of functional
group of ligand and amino acid residue of the
enzyme at the phosphorylating site.

Table 2. The final lamarckian genetic algorithm docked state – Binding energy of ligands With the active site of the
enzyme during ten conformations.

01.

Aesculetin

1
-5.42

Final Lamarckian Genetic Algorithm Docked State
Over all Binding energy during each Conformation (kcal/mol)
2
3
4
5
6
7
8
9
-5.4
-5.34
-5.32 -5.26
-5.25
-5.23
-5.22 -5.3

02.

Aesculin

-5.99

-5.48

-5.17

-4.48

-5.14

-4.75

-4.72

-3.54

-4.09

-3.68

03.

Anthragallol

-6.68

-6.6

-6.38

-6.37

-6.66

-6.52

-6.49

-6.48

-6.47

-6.17

04.

Damnacanthal

-7.23

-7.23

-7.23

-7.22

-7.21

-7.21

-7.21

-7.21

-7.21

-7.17

05.

Lucidin

-6.36

-5.77

-6.21

-6.2

-6.25

-6.19

-6.16

-5.61

-5.67

06.

Morindone

-6.68

-6.66

-6.62

-6.61

-6.6

-6.57

-6.57

-6.56

-6.55

-6.44

07.

Nordamnacanthal

-6.94

-6.93

-6.92

-6.92

-6.19

-6.15

-6.65

-6.56

-6.37

-6.36

08.

Rubiadin

-6.63

-6.62

-6.62

-6.61

-6.61

-6.61

-6.61

-6.60

-6.60

-6.58

S.No

(Ligands)

-6.26

10
-5.29

Table 3. The Parameters of free energy of binding generated conformer of the investigating ligands.

S.No

Ligand

Lowest
Binding
Energy
(kcal/mol)
-5.42

Estimated
Inhibition
Constant
(kI)
105.78µM

Inter
molecular
Energy
(kcal/mol)
-6.02

Unbound
Internal Torsional
Extended
Energy
Energy
Energy
(kcal/mol) (kcal/mol)
(kcal/mol)
-0.4
0.6
-0.4

Cluster
Rms

Ref
Rms

0.0

72.71

01.

Aesculetin

02.

Aesculin

-5.99

40.57 µM

-8.38

-3.62

2.39

-3.62

0.0

72.59

03.

Anthragallol

-6.68

12.7 µM

-7.57

-0.95

0.89

-0.95

0.0

73.63

04.

Damnacanthal*

-7.23

4.98 µM

-8.13

0.11

0.89

0.11

0.0

72.85

05.

Lucidin

-6.36

21.68 µM

-7.56

-0.92

1.19

-0.92

0.0

74.99

06.

Morindone

-6.68

12.77 µM

-7.57

-1.09

0.89

-1.09

0.0

74.0

07.

Nordamnacanthal

-6.94

8.25 µM

-7.83

0.47

0.89

-0.47

0.0

72.68

08.

Rubiadin

-6.63

13.92 µM

-7.22

0.56

0.60

-0.56

0.0

73.02

*Indicates the lowest binding energy possessed among the selected anthraquinone derivatives.
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Hydrogen-bonds play a crucial role in determining
the specificity of ligand binding. [12]. Table 4 shows
the amino acids involved in hydrogen bonding with
the ligands. It also lists out the length of hydrogen
bonding in angstrom (Å). Figure 3 shows orientation
of the ligands according to the free energy created
at the active site with its hydrogen bond length.
Damnacanthal is an anthraquinone, the lowest free
energy of binding exhibited by damnacanthal and
nor-damnacanthal interacts with Val135 (1.775 Å,
1.753 Å) and Asp200 (1.729 Å, 1.853Å) through
hydrogen bonding. Next set of Anthraquinones,
Morindone, Anthragallol and Rubiadin interacts at
Lys85 (1.899 Å) and Val135 (2.174 Å,1.769 Å)
through hydrogen bonding. Aesculetin and Aesculin
with its lowest binding energy, Hbond with Val 135

(1.699 Å), Asp200 (2.088 Å) and Lys183 (2.116 Å).
Ligands like thieno[2,3-b]pyrrolizinones interacted at
the Val 135,Asp 200 and Lys183 with maximum
affinity [13]. Binding affinity based estimated
inhibition constant of aesculetin and aesculin was
found to be higher than damnacanthal and
nordamnacanthal. On analyzing the binding site
interaction with respect to free energy of binding
values
anthraquinone
derivatives
containing
hydroxyl groups and oxygen atom of anthraquinone
nucleus interacts with amino acids like Val 135,
Asp200, and Lys85 with maximum affinity.This is
evident from the hydrogen bond length formed
between the atom of ligand and the amino acid
residue at the active site gorge.

Table 4. The amino acids involved in hydrogen bond interaction with the investigating ligands.

S.No

Ligand

Lowest Binding
Energy
(Kcal/Mol)

Amino Acids Involved In
Hydrogen Bond Interaction

Hydrogen Bond
Length(Å)

01.

Aesculetin

-5.42

AESCULETIN::FRA1:H
GSK3BETA:A:VAL135:HN
GSK3BETA:A:ASP200:HN

2.202
1.699
2.088

02.

Aesculin

-5.99

AESCULIN::FRA1:H1
GSK3BETAA:LYS183:HZ1 1

1.929
2.116

03.

Anthragallol

-6.68

GSK3BETA:A:VAL135:HN
ANTHRAGALLOL::FRA1:H
ANTHRAGALLOL::FRA1:H

2.174
1.854
1.737

04.

Damnacanthal

-7.23

DAMNACANTHAL::FRA1:H
GSK3BETA:A:VAL135:H
GSK3BETA:A:ASP200:NH

1.745
1.775
1.729

05.

Lucidin

-6.36

LUCIDIN::FRA1:H

1.835

06.

Morindone

-6.68

MORINDONE::FRA1:H1
GSK3BETA:A:LYS85:HZ2 1

2.149
1.899

07.

Nor damnacanthal

-6.94

DAMNACANTHAL::FRA1:H
GSK3BETA:A:VAL135:HN 1
GSK3BETA:A:ASP200:HN 1

2.004
1.753
1.853

08.

Rubiadin

-6.63

RUBIADIN::FRA1:H1
GSK3BETA:A:VAL135:HN 1

1.843
1.769

4. Conclusion
Glycogen synthase kinase 3 beta has been
investigated for its potential binding affinity with
selective anthraquinone derivatives. It has been
concluded, selective anthraquinone derivatives
under our investigation showed maximum binding
affinity with its estimated inhibition constant values
at lower range. Binding site analysis on GSK3β
reveals, the ligands occupies the dock positions,
where phosphorylated glycogen synthase binds and
ISSN 1860-3122

carry out its interaction. Thus molecular signaling
increasing the proliferation rate via cascading
mechanism can be inhibited through these selective
anthraquinone derivatives. Further it can be
evaluated upon studying invitro gsk3beta inhibition
and invivo models in bringing out a lead molecule
targeting specific neoplasia like prostate cancer,
oral cancer etc.
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Figure 3. Image showing the interaction of anthraquinone derivatives at the active site of GSK3β.
ISSN 1860-3122
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