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Amylase is a digestive enzyme that catalyses the starch into sugar. It has been reported that the green tea
flavonoid (or polyphenols) (-)-epigallocatechin 3-gallate (EGCG) inhibits human salivary a-amylase (HSA)
and induced anti-nutritional effects. In this study, we performed docking study for seven EGCG-like flavonoids
and HSA to understand the interaction mechanism of HSA and EGCG and suggest new possible flavonoid
inhibitors of HSA. As a result, EGCG and (—)-epicatechin gallate (ECG) bind to HSA with complex hydrogen
bonding interactions. These hydrogen bonding interactions are important for inhibitory activity of EGCG
against HSA. We suggested that ECG can be a potent inhibitor of HSA. This study will be helpful to understand
the mechanism of inhibition of HSA by EGCG and give insights to develop therapeutic strategies against

diabetes.
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Introduction

Amylase is a digestive enzyme that catalyses the starch
into sugar.'? In nature, three types of amylase (a-, B-, and y-
amylase) are present that o-amylase exists in plant and
animals; B-amylase is present in microbes.'** a-Amylase
(a-1,4-glucan-4-glucanohydrolase) catalyzes the hydrolysis
of the a-(1,4)-glycosidic linkages of starch components,
glycogen and various oligosaccharides. Two different o-
amylase isoforms are present in human which are synthe-
sized in the pancreas and the salivary glands, but the amyl-
ase in the salivary is the most abundant enzyme.> Human
pancreas o-amylase (HPA) hydrolyzes the dietary starch into
disaccharides and trisaccharides while human salivary o-
amylase (HSA) also degrades polymeric starch into shorter
oligomers.>’ The initial digestion of starch is started by HSA
in the mouth and additional digestion is carried out by
HPA.** In the case of diabetic patients, the elevation level of
blood glucose after a meal presents a challenge for manag-
ing hyperglycemia. Therefore, the inhibition of ai-amylase is
important to therapeutic strategy of diabetes.’

Both amylases are composed of 496 amino acids in a
single polypeptide chain and they show a high degree of
sequence similarity about 92%.> a-Amylase is calcium-
binding protein with a single polypeptide chain folded into
three domains (A, B, and C domain).>* Domain A which is
the largest catalytic domain has a (/ct) barrel structure and
the inhibitor binding site is located in the middle of the
domain A. A chloride ion is included in this domain.
Domain B has no definite topology, but the calcium ion
bound to domain B. These ions are not directly participated
in substrate binding, but related on the structural stability of
amylase and help the binding of ligand in active site.
Domain C has a Greek-key barrel structure. The 3D structure

of HSA is depicted in Figure 1(a).”

(-)-Epigallocatechin 3-gallate (EGCG) is a major catechin
in green tea and noted for its various biological effects.® The
antioxidative effect and antitumor effect of EGCG is the
most well known activities.”' It has been known that EGCG
inhibits the biological activity of digestive enzymes such as
lactase, pepsin, lipase, and amylase with their potential con-
trol of obesity, diabetes, and anti-nutritional effects.!!!?
Among these, EGCG inhibits HSA stronger than the other
digestive enzymes."!

In order to understand the interaction of HSA and EGCG,
automated docking study was performed and a docking
model between HSA and EGCG was proposed. From this
study, we suggested possible natural products as inhibitors
of HSA.

Methods

Docking Study. Docking model between HSA and EGCG
was determined by AutoDock.!*'> The X-ray co-crystal
structures of inhibitor, acarviostatin analog (A103), bound to
HPA has been reported.” Since the co-complex structure of
substrate and HSA has not been determined, we adapted the
binding interactions of inhibitor-HSA based on the x-ray co-
complex structures of HPA (30LD.pdb).” The interaction
model of HPA-inhibitor (A103) is depicted in Figure 1(b).
We utilized X-ray structure of HSA which deposited in
the Protein Data Bank (1SMD.pdb and 1XV8.pdb).> The
Lamarckian Genetic Algorithm (LGA) of the AutoDock
3.05 was used for docking experiments. MD simulations on
the final docking structure were performed in the canonical
ensemble (NVT) at 300 K and distance-dependent function
of the dielectric constant was used for the calculation of the
energetic maps in vacuum system using the program InsightIl/
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Discover. All atoms of the system were considered explicit-
ly, and their interactions were computed using the consistent
valence force field. A distance cutoff of 10 A was used for
van der Waals interactions and electrostatic interactions. The
time step in the MD simulations was 1 fs and MD simulation
was performed for 2 ns. Coordinates were saved every 1 ps.
The average structure was calculated for the 2 ns trajectory
and submitted to final energy minimization by performing
10,000 steps of steepest descent method.

We collected the structure of seven catechin based poly-
phenolic flavonoids including EGCG extracted from green
and black tea and performed docking study. The structures
of polyphenolic flavonoids are shown in Figure 2.

Results and Discussion

Analysis of the X-ray Co-Crystal Structure of HPA-
Inhibitor Complex. The X-ray co-crystal structure of inhibitor,
acarviostatin analog (A103), bound to HPA have been prov-
ed while there is no information about interactions between
HSA and inhibitor available, yet. Acarviostatin family is
secondary metabolites secreted by Streptomyces coelicoflavu
and pseudo-oligosaccharides containing several acarviosine-
glucose units and a varying number of glucose residues.’ It
is the most potent inhibitor of HPA to date. A103 is a pseudo-
hexasaccharide composed of an acarviosine-glucose unit
bound to maltotriose. The inhibition of HPA by A103 is
depends on complex hydrogen bonds between the hydroxyl
groups of the inhibitor and the catalytic residues of the
binding site. As shown in Figure 1(b), the many ribose
hydroxyl groups of A103 participated in hydrogen bonding
interactions with catalytic residues of HPA in active site
including side chains of Q63, H101, D197, R195, K200,
H201, E233, E240, H299, D300, and H305, as well as
backbone oxygens of T63, W58, and G306. These hydrogen
bonding interactions contribute to tight binding of A103 to
HPA. The aromatic hydrophobic residues, W58, Y62, and
Y151, form hydrophobic site, too.’

Docking Results of HSA and Flavonoids. We performed
docking with HSA and seven catechin family polyphenols
including EGCG. Two polyphenols, EGCG and (-)-epicate-
chin gallate (ECG) were hit flavonoids and docked well into
the active site of HSA.

The docking model of HSA-EGCG is composed of vari-
ous hydrogen bonding interactions. Structure of EGCG is
divided into three chemical groups; catechin (A-C ring),
epigallo (B-ring), and gallate (D-ring) moieties, as shown in
Figure 2. The three hydroxyl groups of epigallo moiety
formed complex hydrogen bonding interactions with side
chains of R195, H299, E231, E233, and D300, and hydro-
phobic interactions with W58 and Y62. The two hydroxyl
groups of catechin moiety formed hydrogen bonding inter-
actions with side chain of H201 and the backbone carboxyl
oxygen of G306, respectively. Catechin moiety was also
bound to V234 and 1235. The gallate moiety has three
hydroxyl groups and two hydroxyl groups participated in
hydrogen bondings with backbone carboxyl oxygen of Y62
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Figure 1. The structure of HSA and the interaction model between
HPA and inhibitor, A103. (a) The 3D structure of HSA. (b)
Interaction model between HPA-A103 (30LD.pdb) represented
using Ligplot. The plot shows the complex hydrogen bonding
interactions. Hydrogen bonds are displayed using dashed lines
while hydrophobic interactions are represented by an arc with
spokes radiating towards the ligand atoms.

and side chain of Q63, respectively. Y59, L162, L165, and
T163 formed hydrophobic interaction with gallate moiety.
The hydrogen bondings and hydrophobic interactions of
HSA-EGCG showed similar pattern to those of HPA-A103.
Since the size and the number of hydroxyl groups of EGCG
are smaller than those of A103, hydrogen bonding inter-
actions of HSA-EGCG were much simpler compared with
those of HSA-A103. The interaction model between HSA
and EGCQG is shown in Figure 3(a). From docking study, we
confirmed that HSA and EGCG formed specific and tight
hydrogen bonding interactions.

ECG is a flavan-3-ol, a type of flavonoid, present in green
tea and grape.'® The whole structure of ECG is equal to
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Figure 3. Docking model of flavonoids and HSA. (a) Interaction model of HSA and epigallo moiety of two flavonoids. (b) Interaction
model of HSA and catechin-gallate moiety of flavonoids. EGCG and EGC formed identical hydrogen bonding interactions with HSA.
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Figure 4. Superimposed surface models of HSA-EGCG and HSA-
EGC.

EGCG except that only one hydroxyl group is less than
EGCQG in epigallo moiety. Even though ECG has only two
hydroxyl groups in epigallo moiety, the hydrogen bonding
interactions with HSA were equal to those of HSA-EGCG.
The interaction model between HSA and EGCG is shown in
Figure 3(b) and the superimposed model of HSA-EGCG and
HSA-EGC is depicted Figure 4.

(+)-Gallocatechin gallate (GCG) is composed the ester of
gallocatechin and gallic acid and a type of catechin.!” Since
it is an epimer of EGCG, its conformation could not be
specified at the active site of HSA. The rest of five thea-
flavin family flavonoids were too large to dock into the
active site of HSA.'8!?

In order to predict the binding affinity of EGCG and EGC
to HSA, we calculated ligand scoring (LigScore). LigScore
is a scoring function that possesses high predictive accuracy
of affinity of ligand-receptor binding as well as pK; values.”’
LigScore of EGCG and EGC were 5.74 and 5.25, respec-
tively. This implied that EGCG and EGC may bind to HSA
with similar affinities and EGC can be a potent inhibitor of
HAS, too.

From this study, we proposed that EGCG binds to HSA
with complex hydrogen bonding interactions and these
interactions play the major factors in its inhibitory activity
against HSA. Also, we suggested that EGC can be a potent
inhibitor of HSA the same as EGCG.

Conclusion

From automated docking study, we suggested a docking
pose between HSA and EGCG. The docking model of HSA-
EGCG formed complex hydrogen bonding interactions. The
three hydroxyl groups of epigallo moiety of EGCG formed
various hydrogen bonding interactions with side chain nitro-
gens of R195, H299 and carbonyl oxygens of E231, E233,
and D300. It formed hydrophobic interactions with W58 and
Y62. The catechin moiety formed hydrogen bonding inter-
actions with side chain of H201 and the backbone carboxyl
oxygen of G306. Catechin moiety was also bound to V234
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and 1235 which formed the hydrophobic environment. The
two hydroxyl groups of gallate moiety participated in hydro-
gen bondings with backbone carboxyl oxygen of Y62 and
side chain of Q63, respectively. Four hydrophobic residues
including Y59, L162, L165, and T163 formed hydrophobic
interactions with gallate moiety. Since A103 is much larger
and has more hydroxyl groups than EGCG, hydrogen bond-
ing interactions of HPA-A103 are more complex than those
of HSA-EGCG. Another catechin flavonoid, ECG also
docked well into the active site of HSA with identical hydro-
gen bonding interactions appeared in HSA-EGCG model.
LigScore of EGCG for HSA was very similar to that of
EGC, too. Therefore, we suggested that EGC can be an
inhibitor of HSA with similar efficacy compared with EGCG.
This study may provide an understanding of the interaction
mechanism of EGCG with HSA for the development of
novel HSA inhibitors. Further experimental study will be
carried out to identify these HSA inhibitors in an attempt to
develop therapeutic strategies against diabetes.
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