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Abstract

As a clinically relevant drug target, there have been several attempts to design a structure-based inhibitor for aldose reductase (AR). Since most
of the aldehydes are presented to AR conjugated with glutathione, in present work, the structure of AR complexed with NADPH and a glutathione
analog was used as a target for virtual screening of small molecule library. Due to interactions of the glutathione backbone with the binding
pocket of AR, the ternary complex (AR®@NADPH@DCEG) represents a unique conformation of AR backbone. NCI diversity set V was used as a
small molecules library for virtual screening. AutoDock Vina was used for docking and scoring of ligands. Few select hits with low binding free
energy were obtained, which may be potential leads for a search of an differential inhibitor against AR.
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Introduction

Structure-based virtual screening is an established tool to
identify lead molecules in the drug discovery process [1-3].
Virtual screening is a practical approach to cut down the time and
cost required for drug discovery [4-5]. Advances in biophysical
methods have provided much-needed information for structure-
based drug design [6].

AR hasbeenadrugtarget for secondary diabetic complications
for almost four decades [7]. Many inhibitors have been developed
which were efficacious in animal models but failed in clinical
trials. Reasons for failure of inhibitors in clinical trials have been
mainly toxicity and lack of specificity resulting in cross-reactivity
with other Aldo-keto reductases (AKRs) [8]. The structural detail
and catalytic mechanism of AR have been extensively studied [9-
10].

Structure-based virtual screening for AR has been performed
based on the high-resolution crystal structure of AR complexed
with inhibitors [11]. As AR shows pronounced induced fit upon
binding inhibitors, a virtual screening study has been performed

considering multiple binding pocket conformations of AR [12,13].
A virtual screening study combined with structure-based lead
optimization has also been reportedfor AR [14].

Using another approach called ‘in-situ cross-docking’ to
address the multiple conformations, a study has been performed
to find the inhibitors against AR using similarity search [15].
Pharmacophore modeling from multiple inhibitors of AR
andvirtual screening based on the model has also been done [16].
One of the primary reasons for the failure of ARI’s in clinical trials
has been toxicity, and an attempt has been made in photochemical
based virtual screening by docking and molecular dynamics
simulation [17]. After all these efforts, to date, no AR inhibitor-
based therapy is available for diabetes except an inhibitor
‘Eplerestat, which is used as a drug in India and Japan for acute
diabetic neuropathy [8].

The interactions of substrates or inhibitors with the active
site of AR are primarily hydrophobic. The C-terminal region from
amino acid residues 298-302 has been shown to interact with
the carboxylic group of alrestatin, an AR inhibitor [18]. Removal

Curr Res Diabetes Obes J 15(2): CRDOJ.MS.1D.555907 (2021)


http://dx.doi.org/10.19080/CRDOJ.2021.15.555907
https://juniperpublishers.com/
https://juniperpublishers.com/crdoj/

Current Research in Diabetes & Obesity Journal

of C terminus tail in AR leads to loss of substrate specificity [19].
As amino acid residues Cys-298, Ala-299, Leu-301, and Ser-302
from C-terminal tail of AKRs are least conserved among family
members, these residues have been proposed to be essential for
substrate specificity and hence useful target to develop a specific
inhibitor for AR [18].

The glutathione analog, DCEG [S-(1,2-dicarboxyethyl)
glutathione], is a competitive inhibitor of AR with a Kivalue of
0.02 mM [20]. In the crystal structure of AR with DCEG, it has
been shown that due to interactions between DCEG and AR, the
protein backbone adopts a unique conformation [21]. The present
study reports the virtual screening hits obtained from docking of
the smallmolecules from NCI diversity set library into the crystal
structure of the ternary complex (AR@NADPH@®DCEG).

Materials And Methods
Small molecules library

A ligand library, ‘NCI diversity-set V,consisting of 1593 small
molecules, was selected for virtualscreening. ‘The diversity-set
V’ represents the diversity of more than 200,000 compounds
submitted to the DTP (Developmental Therapeutics Program)
repository at NCI (National Cancer Institute) for biological
evaluation

(https://wiki.nci.nih.gov/display/ncidtpdata/
compound+sets). The compounds can be obtained from DTP for
non-clinical research purposes at no cost.

Receptor and ligand preparation

Thereceptor and ligands were protonated and assigned atomic
charges by using scripts from AutoDockTools (http://autodock.
scripps.edu/resources/adt). Information regarding protonation
states, charge distribution, and flexibility of receptor was added to
receptor and ligand files by converting them to the ‘pdbqt’ format,
which is the default format recognized by AutoDock Vina [22].

Docking

AutoDock Vina was used to predict the binding mode and
binding freeenergy (AG,, ,) between ligands and the receptor [22].
A two-step hierarchical approach was adopted for docking. In the
first step, ligands were docked into the AR without considering
the flexibility of the receptor, and grid dimensions were chosen to
enclose the whole receptor molecule. Grid spacing was set to the
default value of 0.375 A. Pyryx was used to set up AutoDock Vina
for molecular docking of ligands with a rigid receptor [23]. Four
independent docking runs were performed with exhaustiveness
value set to 4, 8, 10, and 15, respectively.
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Figure 1: Grid box and flexible residues information for the binding pocket of AR. The cubic grid box is shown in black, AR is shown in grey

cartoon representation, and amino acid residues with flexible side chains are shown in stick representation and labeled.
\ J

For the second step, top docking hits with a higher binding Results

affinity (AG,, , < -10 Kcal mol") were selected from the first step.

Flexible receptor-ligand docking was set up in the AutoDock/ Two-step hierarchical screening for docking the chemical

table into the active site of hAR was performed. To cut down
the number of ligands for the next step, in the first step, docking
without any assumption of the binding site (blind docking) was
performed, and receptor flexibility was not taken into account. In
the second step, the binding site was defined, and side chains of
critical binding site residues were considered flexible. For the first
step, four independent docking runs were performed with varying

Vina plugin for PyMOL (http://www3.mpibpc.mpg.de/). The side
chains of Trp-20, Tyr-48, His-110, His-111, Phe-122, Trp-219,
Cys-298, Leu-299, Leu-300, and Ser-302 were treated as flexible.
The cubic grid box was set enclosing the active site residues with
a side length of 30 A, having 150 points with grid-spacing set to
0.2 A (Figure 1). For comparison of binding affinity, DCEG was also
docked into the receptor with similar parameters.
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exhaustiveness. All the ligands with binding energy higher than
the cut-off value (AG,, > -10 Kcal mol*) were discarded. Using
this criterion of -10 Kcal mol? as the cut-off value, four docking
runs yielded 134, 126, 111 and 135 hits, respectively. As expected,

combining all the hits, 155 molecules were obtained for flexible
docking in step-2. The molecules obtained as hits from step-1, 155
in total, satisfactorily docked in the binding pocket of AR, although
no binding site information was provided for docking (Figure 2).

most of the hits were the same from independent runs, and after

e N

Figure 2: Molecules obtained from rigid docking with aldose reductase (AR). The best poses of 155 molecules shortlisted for step-2 docking
are shown as stick representation. AR is shown in grey cartoon representation.

Figure 3: Docking of S-(1,2-dicarboxyethyl) glutathione, DCEG, with aldose reductase (AR). Three binding modes of DCEG into the binding
pocket of AR are shown along with flexible side chains of amino acid residues. Both DCEG and amino acid residues are shown in stick
representation, and amino acid residues are labeled.
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The 155 hits obtained from the first step were docked into the
defined binding site of AR, and side chains of some critical binding
site residues were treated as flexible. Top hits from flexible
docking were selected based on binding free energy (AGbind<
-12 Kcal mol-1). A total of 28 molecules with higher binding

affinity were obtained from the second docking step (Table 1).
The binding modes of all the molecules obtained as hits from
the second docking step are given in Appendix at the end of this
chapter. The average binding free energy of DCEG was calculated
to be -7.1 Kcal mol™ (Figure 3).

Table 1: Hits obtained from virtual screening of ‘NCI diversity set V' against aldose reductase ternary complex with NADPH and glutathione analog,
DCEG, are listed along with corresponding binding free energy and NSC number.

Serial Number NSC Number AG,, . (Kcal mol )
1 97920 -14.10
2 670283 -13.00
3 21970 -12.90
4 80313 -12.90
5 121868 -12.60
6 345647 -12.60
7 308835 -12.30
8 84100 -12.30
9 96021 -12.30
10 116702 -12.20
11 122819 -12.20
12 128606 -12.20
13 211490 -12.20
14 61610 -12.20
15 727038 -12.20
16 135168 -12.10
17 177862 -12.10
18 217697 -12.10
19 332670 -12.10
20 637827 -12.10
21 80731 -12.10

Discussion

Diabetes is one of the most significant health burdens in
developed as well as developing countries [24-26]. The inhibition
of AR has been perceived as one of the therapeutic solutions to
control secondary diabetic complications for many decades
[Yan_2018]. Although alot of potent inhibitors against AR
have entered into the clinical trials, the success rate has been
unsatisfactory [8]. In terms of in vitro inhibition, the ARI's had
reached perfection long ago, with IC50 values in nanomolar (nm)
range for many inhibitors. From thereon, the main problem has
been their poor pharmacokinetics and cross-reactivity with other
AKRs, especially aldehyde reductase [28]. Spirohydantoins class
of ARI's were first to be reported effective both in vitro and in vivo,
but hydantoin moiety caused hypersensitivity reactions [7].

Spirosuccinimides were derived from spirohydantoins,
where the hydantoid ring was replaced with a succinimide

ring [29]. Ranirestat is one such succinimide that is effective in
motor nerve function in mild to moderate diabetic sensorimotor
polyneuropathy (DSP) [30]. Poor pharmacokinetics has been the
primary reason for the failure of the carboxylic acid class of ARI’s,
which otherwise showed the highest in vitro affinity. However,
Epelrestat is an exception whichis a carboxylic acid inhibitor and
is being successfully used for diabetic neuropathy in Japan. To
obtain optimal pharmacokinetic properties, the structure-based
optimization of lead compounds is relevant for further ARI’s
development [14,31,32].

The crystal structure of AR bound with glutathione analog,
DCEG, represents a unique conformation of AR backbone, which is
specific for interactions with glutathione backbone. NCI diversity
set was screened against this conformation of AR, and a few lead
molecules with low binding free energy have been obtained (Table
1). Most of these molecules obtained from the virtual screening
are hydrophobic compounds with aromatic rings (Appendix). This
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work has led to a set of 28 small molecules that seem to have the
potential to act as inhibitors for AR, which needs to be tested and
validated experimentally. Present work has laid the foundation for
discovery/design of novel inhibitors against AR.
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