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ABSTRACT

The occurrence of diabetes mellitus in the worlgégpulation is increasing every year. Most of therently
available synthetic therapeutic agents are assedatith undesirable side effects. Moreover, inbitsit of
pancreatic alpha-amylase are gaining much attentiomong the researchers owing to its therapeutidiagpon in
diabetic control and treatment. The primary objeetiof this study was to investigate the dockingabielur of
human pancreatic alpha-amylase (HPAAjith Embelin, Vilangin, 5-O-methyl embelin, Queirte Metformin,
Copper & Zinc embelin complexes and studying tpeiative binding sites using Discovery Studio \ersB.1.
Docking studies and binding free energy calculaiogvealed that Zinc-embelin complex has maximuenaation
energy (-44.6 kcal/mol) and Metformin with the leim$eraction energy (-13.1 kcal/mol) as comparedtte other
investigated ligands. Interestingly, Copper-embaomplex fails to dock with that of human panceatipha
amylase. Therefore, it is strongly suggested tlnt present study outcomes might provide new insight
understanding these six ligands, as potential cdagis for humapancreatic alpha-amylasehibitory activity.
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INTRODUCTION

More than 80% of the population of our country iepdndent on medicinal plants for its primary health
careEmbeliaribescommonly known as Vidanga,is a highly valuable itiedl plant with various pharmacological
activities [1]. The planEmbeliaribegMyrsinaceae)contains embelin, quercitol, and fattyredients; an alkaloid,
christembine, a resinoid, tannins and minute qtiastiof a volatile oil [2-4].Embelin was isolatedoiin
Embeliaribesberries and one of the major attractions amongaretiers towards quinone compounds is their color
and biological activities [5]. Bhandari and co-werk [6-7] have reported the antidiabetic, antighygémic and
antioxidant activity ofEmbeliaribe8urmin streptozotocin-induced diabetes in ratsngigiliclazide as the positive
control drug. In our earlier studies, we reported antimicrobial [8] and UVB inhibitory activity afmbelin [9].
Similarly, embelin has been reported to bind withagen [10], tyrosinase [11], human neutrophik&dae [12] and
human glutamate pyruvate transaminase [13] usirigeutar docking studies.

Diabetes mellitus [14] is a chronic metabolic diseaffected a wide range of population all overweld and
leads to development of many severe long term deatgnsFamily history, genetic makeup, low muscle or body
activity, junk food or unhealthy diet, and excesslypweight usually increase the risk of a persotirgg affected
with stress and diabetel5]. Some of the long-term symptoms include deterionatof normal health,
atherosclerosis, myocardial infarction and hypemamnonketotic diabetic confd6]. So Diabetes mellitus is one
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of the major life threatening diseases worldwidd arogressing at an incremental rate every yearramcber of
research works are going on to control the disbggargeting its enzymes or proteins.

Carbohydrates and sugars are the major energygstarmlecules used by living organisms. Hunpamcreatic
alpha-amylasés one of the major enzyme (biomarker) which playtalviole inDiabetes mellitus. Alpha-amylase
hydrolyzes bonds between glucose repeats. Alpha/laamalso known as 1, 4-a-D-Glucan glucanohydeol@ke
structure of human pancreatic alpha-amylase has dHe&ermined to 1.8 A resolution using X-ray diéfian
techniques [11]. This enzyme is found to be compasgehree structural domains. Human Pancreatianylase is
considered to be an important antidiabetic tard&.[ Compounds inhibiting human alpha amylase ha&en
implicated as potential therapeutic agents in tteatinent of Diabetes mellitus and its related dissea The
molecular docking studies of the major bioactivenpound of thisEmbeliaribesand its metal complexes like
copper and zinc with Human pancreatic alpha amyilalsibiting activity has been studied in our lakdorg. The
present study mainly focuses on the binding affinit embelin and its metal complexes towards agpmnglase. To
check this, binding of four different quinone amsl analogs to human pancreatic alpha-amylase hese $tudied
by molecular modeling and docking. The mode ofraatgons of compounds with strong binding are dised and
reported here.

EXPERIMENTAL SECTION

Ligand preparation

The compounds exhibiting similar moiety were sa&lddrom the database. Chemical structures of ligaranely
Quercetin [CID no: 5280459], Embelin [CID no: 3218ilangin [CID no: 417182], 5-O-methyl embelin [T no:
171489] and Metformin [ChemSpider ID: 3949] wert&ieved from Pubchem [18] &ChemSpider [19] compound
database respectively. Unavailable three dimenkistractures of Copper-embelin complex and Zinc-elinb
complex were generated using ACD [20].

Protein preparation

The protein data bank (PDB) is a repository comstéiformation about experimentally- determined 3tfuctural
data of macromolecules (such as proteins and mualgds) [21]. The 3D structure of Humaancreatic alpha-
amylase (PDB ID: 4GQR with resolution 1.2) was retrieved from Protein Data Bank (PDB) (http:
/www.pdb.org/pdb/home/home.do) [22]. The proteirsygae-processed separately by deleting the ligandedl as
the crystallographically observed water moleculestér without Hydrogen bonds).

Docking studies

Docking studies were carried out on the crystalcttmre of human pancreatic alph-amylase using D®CKER
protocol under the protein-ligand interaction saetin Discovery Studi®3.1 (Accelrys, San Diego, USA) [23h
every docking experiment, 10 ligand conformationsrev generated for each ligand respectively. Highest
CDOCKER interaction energy pose was chosen. Anthdur all the complexes were minimized using Smart
Minimizer method with Generalized Born with a Sie@witching (GBSW) implicit salvation model. CHARMm
force filed was used in the simulation. Binding myyeof each complex was then calculated using Gdiged Born
with Molecular Volume Integration (GBMV) implicitadvation model within situ ligand minimization.

RESULTS AND DISCUSSION

Human pancreatic alpha-amylase is an importantraazypvolved in anti diabetic activity and the daukistudies
was carried out for an isolated compound embebtmfthe berries oEmbeliaribesand its metal complexes.In the
present docking studies, we identified that theeaf¥e binding site of Human pancreatic alpha-asg/lavith
Quercetin, Embelin, Vilangin, 5-O-methyl embedind Metformin which were retrieved from Pubchem Be@
Spider compound database was used as ligands. Atherggands used, Metformin is considered to hethmtic
standard drug and Quercetin as naturally occurstagdard anti diabetic drug. Docking analysis wadgomed
using Discovery Studio 3.1 suite to know aboutfénerable molecular interactions, docking score emeraction
energy value. Virtual Screening has been done lfasedected ligands and the best pose having higbiesling
energy was chosen for further situ ligand minimization studies. This pose was setb@s best docking result.
These docking results compared that the Metformnsian@ard antidiabetic drug) and with Quercetin yradt
compound). Metformin &quercetinhave been reported exhibit alpha-amylase inhibitory activity [24-25]
However, until today there is no report availablthwegard to their docking studies.

Table 1 shows the docking studies and binding émergy calculations in which Zinc-embelin complecibited

the maximum interaction energy (-44.6 kcal/mol)wéwer, it did not exhibit any interaction with aaf/active site
amino acid residues (Table 1 and Figure 1). Inrestt Metformin showed very least interaction egefd.3.1
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kcal/mol) compared to all other ligands and furthere exhibited interaction with Glu 2"&Arg 85 ™ amino acid
residue.Interestingly, we observed that Cog-embelin compleXails to dock with that of uman pancreatic alpha
amylase, which might be due to poor binding propeftigand

Table 1 The interaction energy analysis osix ligands (embelin , 5 —O-methyl embelin, zinembelin complex, vilangin, quercetiné
metformin) with that of human pancreatic alphe-amylase(PDB ID: 4GQR with resolution 1.2 A) using Discovery Studid® 3.1.

) cDocker interaction energy ) ) ) ) Bond distance
Ligand name (kcal/imol) Interaction amino acid residue QA)
Embelin 21.3 Arg85 2.0
5-O-methyl embelin 21.7 Arg85 2.4
Copper-embelin complex* Nil Nil Nil
Zinc-embelin complex 44.6 No interaction Nil
. . Arg85 2.2
Vilangin 40.9 Asn81 21
Glu29 2.0
. Arg85 21
Quercetin 21.2 Asnsi 25
Asn88 1.7

; Glu29 12&1.7

Metformin 13.1 Arg85 24

*- Calculated interaction energy for the highest rashk@ocking post after in situ ligand minimizatior
"™ - Failed to dock with protein, may be due to pomding).

Figure 1. The interaction analysis of th six ligands (a) embelin , b) 5 —-O-methyl embelirt) zincembelin complex, d) vilangin, e
quercetin& f) metformin) with that of human pancreatic alpha-amylase
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Hydrogen atoms have been omitted in the two diropakdiagram for better clarity.
Pink lineindicates the charge interaction. In addition to this, bond distances are indicated in angstroms (4) unit).

CONCLUSION

Natural products from plants are an excellent sswfcHuman pancreatic-amylase (HPA) inhibitors which ha
therapeutic application as oral agents to contdobd glucose levelsCrystallographic structure cHuman
pancreatic alpha-amylases retrievd from Protein Data Bank (PDBIBGQR with resolution 1.2°A) and docked
with the embeliand its metal complexes. The results were analyComputational ligand docking showed tl
inactivation depends on hydrogen bonding a-n interactions. From theogking studies reported in this papwe
concluded that the natural products with intergsbiological properties and structural diversityéaften serve:
as valuable lead drug candidates for the treatwielntiman diseases and also it replaces temically synthesized
drugs which cause side effects.
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