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Abstract

The inhibitory mechanism of engeletin against a-glucosidase was investigated for the first time by fluorescence spectroscopy and
molecular docking. The results showed that engeletin could inhibit a-glucosidase in a noncompetitive inhibition mode with a half-
maximal inhibitory concentration value of 48.5 £ 6.0 ug/mL (0.11 £ 0.014 mmol/L). It was found that engeletin could cause static
fluorescence quenching of a-glucosidase by forming a complex with a-glucosidase. The thermodynamic parameters indicated that
the combination of engeletin and a-glucosidase was driven by hydrophobic force. The molecular docking results confirmed that
some amino acid residues of a-glucosidase (Trp391, Argd28, Glu429, Gly566, Trp710, Glu771) could interact with engeletin by
hydrogen bonding.
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Figure 1. Chemical structure of engeletin.

by Lineweaver-Burk double reciprocal plotting (Figure 3),
which suggested that the inhibition type of engeletin on a-glu-
cosidase was noncompetitive.

By comparing the fluorescence spectra before and after the
binding of biological macromolecules to other molecules, it is
possible to infer the binding constant (K ), number of binding
sites (1), and thermodynamic parameters between the mole-
cules.” Figure 4 demonstrates the effect of engeletin on the
fluorescence spectrum of a-glucosidase. With increasing con-
centration of engeletin, the fluorescence intensity gradually
decreased, confirming the existence of an interaction between
engeletin and o-glucosidase. The Stern-Volmer equation (1)
was used to analyze the fluorescence data at 30 °C and 37 °C to
obtain the corresponding fluorescence quenching constants
(Table 1). The fluorescence quenching constants (K at differ-
ent temperatures were far greater than the maximum constant
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Figure 3. Lineweaver-Burk plot for the inhibition of engeletin on
a-glucosidase.

(2 % 10"L/mol/s) of dynamic fluorescence quenching of bio-
logical macromolecules. It could be concluded that the forma-
tion of the engeletin/a-glucosidase complex resulted in static
fluorescence quenching,

Fo/F = K4o[0] +1 1)

For the static fluorescence quenching process, K, and # can
be calculated by Equation (2). As shown in Table 2, with the
increase in temperature, the K, value increased slightly, but #
was stable around 1. At the normal physiological temperature
of the human body (37 °C), engeletin and a-glucosidase easily
combined to form the complex.
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Figure 2. Inhibitory performance of engeletin and acarbose on a-glucosidase.
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Figure 4.

In order to reveal further the binding mechanism of engeletin
and a-glucosidase, the thermodynamic constants (Table 3) of their
interaction were obtained by using the Van't Hoff equation (3) and
Gibbs free energy equation (4).

InK = —AHO/RT+ AS°/R
AGY = AHY — TAS?

©)
*

The free energy change (AG) of the interaction between
engeletin and a-glucosidase was negative, which indicated that
their combination was a spontaneous process. According to
the values of enthalpy change (AH") and entropy change (AS"),
the main interaction force could be inferred. In this experi-
ment, both AH’ and AS" were positive, indicating that the
hydrophobic force was the main driving force for the combina-
tion of engeletin and oc—glucosidetse.l4

The interaction between polyphenols and enzymes involves
complicated structural changes, in which the enzyme may undergo
orderly high-level structural reorganization, accompanied by new
changes such as energy transfer and signal molecule transmis-
sion.”” Tn recent years, molecular docking, quantum chemical cal-
culation, and molecular dynamics have been applied to investigate
the binding mechanism of polyphenols and enzymes.'® The

Effects of engeletin on the fluorescence spectra of a-glucosidase at 30 °C (A) and 37 °C (B).

molecular docking simulation result could clarify the binding mode
of engeletin and a-glucosidase (Figure 5).

As shown in Figure 5(A) and (B), engeletin formed hydro-
gen bonds with some amino acid residues of a-glucosidase
(Trp391, Argd28, Glu429, Gly566, Trp710, and Glu771),
among which Gly566 formed 2 hydrogen bonds with a-gluco-
sidase, and the hydrogen bond lengths were 2.1 and 2.0 A,
respectively. However, GLu429, Arg428, Trp391, Trp710, and
GLu771 formed 1 hydrogen bond with engeletin; their hydro-
gen bond lengths were 2.1, 2.3,2.3,1.9, 2.1 A, respectively. The
hydrophobic interaction is also summarized in Figure 5(C).
Engeletin had hydrophobic interaction with many surrounding
hydrophobic residues (Tyr709, Trp391, Gly566, Trp710,
Glu771, Arg428, Glud29, Phe385, Phe786, Phe444, Arg387,
Phe389, Val440, Trp789, Asp392, Trp715), which was consis-
tent with the results of fluorescence spectroscopy.

Conclusions

Engeletin inhibits a-glucosidase in a noncompetitive inhibition
mode, and its inhibitory capacity is significantly higher than
that of acarbose. Fluorescence quenching analysis suggested

Table 1. Stern-Volmer Quenching Constants Between Engeletin and a-Glucosidase.

Temperature (°C) Stern-Volmer equation R? K, (L./mol/s)

30 F,/F = 9.3488 X 10°[Q] + 1 0.9902 9.3488 x 10"

37 F,/F =8.5335 X 10°[Q] + 1 0.9680 8.5335 x 10"
Table 2. Binding Parameters Between Engeletin and o-Glucosidase.

Temperature (°C) Lineweaver-Burk equation R? K, (L./mol) 7
30 lg(F,— F)/F = 1.0302lg[¢)] + 4.0882 0.9879 4.0882 x 10* 1.0302
37 lg(Fy,— B/ F = 1.17211g[Q] + 4.6239 0.9907 4.6239 x 10* 1.1721
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Table 3. Thermodynamic Parameters Between Engeletin and
a-Glucosidase.

Temperature °C)  AH (KJ/mol) AG (KJ/mol) AS (J/mol/K)
30 137.61 —23.71 532.43
37 —27.44

that under the drive of hydrophobic force, engeletin could
combine with a-glucosidase at a molar ratio of 1:1. Molecular
docking confirmed that engeletin formed hydrogen bonds and
hydrophobic interaction with some amino acid residues of
a-glucosidase. The obtained results could promote the applica-
tion of engeletin in foods and medicines.

Materials and Methods

Chemricals

Engeletin, acarbose, and p-nitrophenol were from Aladdin
(Shanghai, China), and a-glucosidase from Saccharomyces cerevisiae
and pNP-G were from Sigma-Aldrich (St. Louis, MO). Ultrapure
water from a ThermoFisher water system (Waltham, MA, USA)
was used. All other chemicals were of analytical grade.

a-Glucosidase Inhibitory Assay

PPNP-G can be decomposed by a-glucosidase into yellow p-
nitrophenol, which has a maximum absorption at a wavelength
of 405 nm. According to the previous method,'” 1 mL of
a-glucosidase solution (0.2 U/mL) and 0.5 mL of engeletin
solution at different concentrations (10, 50, 100, 150, 200 pg/
mL) were mixed and kept at 37 °C for 10 minutes. Then, 1 mL
of pNP-G (1 mM) solution was added. The mixture was kept

Figure 5. Molecular docking result between engeletin and
a-glucosidase: (A) Binding mode of engeletin and a-glucosidase, (B)
hydrogen bonding between engeletin and a-glucosidase, and (C)
hydrophobic interaction between engeletin and a-glucosidase.

at 37 °C. After 20 minutes, 1.5 mL of ethanol was quickly
added to stop the reaction, and then the absorbance of the
solution at 405 nm (Asmpl
bances of the control (A ... containing phosphate-buffered
saline (PBS) instead of engeletin and the blank (Ag, ) con-
taining PBS instead of pNP-G (1 mM) solution were also mea-
sured under the same conditions. The inhibition ratio could be

. was measured. Both the absor-

calculated based on the following equation:

Inhibition ratio(%) = Acoel —Usame ~dmd) 109 (5

Control

The inhibitory type of engeletin was analyzed from the
Lineweaver-Burk plot. At different pNP-G concentrations (0.2,
0.4, 0.6, 0.8, 1.0 mmol/L), engeletin concentrations (0, 50, 200
pg/mL), and o-glucosidase concentration (0.2 U/mL), the
reaction rate ([V]) was measured, and the plot of 1/[V] vetsus
1/[S] was drawn.

Fluorescence Spectra

According to the previous method,3 1 mL of sample solution
of different concentrations was uniformly mixed with 4 mL of
a-glucosidase solution. The mixture was incubated at either
30 °C or 37 °C for 10 minutes, and then the fluorescence spec-
trum was collected. The excitation wavelength was fixed at 295
nm, and the emission wavelength range was 320-380 nm. Both
the slit width values were set at 10 nm.

Molecular Docking

The binding mode of engeletin and a-glucosidase docking was
AUTODOCK 4.2 software. The
3-dimensional structure of engeletin was optimized by the
density functional method (B3LYP/6-31g+) with Gaussian 09
software. The crystal structure of a-glucosidase was from the
RCSB PDB database (http://www.rcsb.org/, PDB number
4]5T). Docking was based on the genetic algorithm method.

obtained using the

Statistical analysis

Each measurement was repeated 3 times and expressed as
mean * SD.
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