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Abstract: Vernonia amygdalina was reported to be used as a therapy for Diabetes
Mellitus (DM). One of the mechanisms of therapy DM was to inhibit the action of the a-
amylase enzyme. This study aimed to prove the presence of compounds that could inhibit
the action of a-amylase. Vernonia amygdalina leaves were macerated with methanol and
partitioned into n-hexane, dichloromethane (DCM), and ethyl acetate (EtOAc).
Furthermore, they were tested for a-amylase inhibitory activity and analyzed using liquid
chromatography-high resolutions mass spectrometry (LC-HRMS). Molecular docking
and molecular dynamics simulation (MD simulation) examined unique compounds in
the extract with good activity and chromatogram results. The EtOAc extracts showed
potential as a-amylase inhibitors indicated by their ICs, values, namely 3.0 ug/mL. There
are five unique compounds in the EtOAc extract predicted as 3-[(2Z)-3,7-dimethylocta-
2,6-dien-1-yl]-2,4-dihydroxy-6-(2-phenylethyl)benzoic ~ acid  (compound 1), 2-
hexylpentanedioic acid (compound 2), (2E,4E)-5-[1-hydroxy-2,6-dimethyl-4-o0xo0-6-
(13,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl] oxyjmethyl)cyclohex-2-en-1-yl]-3-
methylpenta-2,4-dienoic acid (compound 3), 3,5,5-trimethyl-4-(3-{[3,4,5-trihydroxy-6-
(hydroxymethyl)oxan-1-yl)oxy}butyl)cyclohex-2-en-1-one (compound 4), and 2-{[(6E)-
2,10-dihydroxy-2,6,10-trimethyldodeca-6,11-dien-3-yloxy}-6-(hydroxymethyl)oxane-3,
4,5-triol (compound 5). The molecular docking analysis showed that compound 3 had
better interaction energy (E;) (-8.59 kcal/mol) and inhibition constant (Ki) values (0.503 yM)
than acarbose. These data were supported by MD simulations based on the parameters
of RMSD value, the radius of gyration, and protein-ligand interaction energy.

Keywords: ethyl acetate extract; diabetes mellitus; LC-HRMS; protein 4GQR; molecular
dynamic simulation

m INTRODUCTION

an important molecular target for the treatment of type
2 DM [4]. Acarbose is one of the DM medicines that act

Indonesia is one of the countries with the highest
diabetes cases, particularly type 2 diabetes mellitus
(T2DM) [1]. One of the mechanisms for treating DM is to
suppress the hydrolysis of glucose from carbohydrates by
inhibiting the action of digestive enzymes, such as a-
amylase and a-glucosidase [2]. The a-amylase is the first
digestive enzyme that breaks down dietary carbohydrates
such as starch into simpler parts in the digestive system,
which would then be degraded further by the a-
glucosidase into glucose which is readily absorbed and
enters the bloodstream [3]. Inhibition of the a-amylase is

as an a-glucosidase inhibitor [5]. A combination of a-
amylase and a-glucosidase could be a potential approach
to treat DM. However, none of the DM medicine has
been reported to inhibit a-amylase.

Vernonia amygdalina leaves or often known as
insulin leaves, are believed to be diabetes mellitus drugs.
Vernonia amygdalina plant, commonly known as
African leaves, is consumed by people with diabetes for
therapeutic purposes in African countries [6]. The use of
Vernonia amygdalina leaves for the treatment of DM is
also carried out by people in Central Indonesia
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(Makassar). Drinking tea from Vernonia amygdalina has
been reported to be successful in lowering blood glucose
levels [7]. This plant is also reported to treat various
diseases other than DM [8]. These biological effects could
be attributed to polyphenols in the extract, especially
dicaffeoyl-quinic acid and its isomers [9]. In other studies,
Vernonia amygdalina leaves were also shown to have the
potential as a natural source for managing diabetes. In
vitro, the extract of this plant was proven to contain a lot
of mineral elements (potassium, magnesium, and
calcium) and a little content of chromium through the
microwave-assisted extraction method [10].

Phytochemicals in plants are very complex, with
various concentrations. High-resolution MS was reported
can be employed to do a high throughput metabolite
profile. LC-HRMS was reported to identify compounds in
large quantities in a short time. LC-HRMS was a high-
resolution mass spectrometry linked to a database of
compounds. Previous research identified 120 compounds
from Diaphragma juglandis, of which 20 compounds are
bioactive compounds, using LC-HRMS [11]. From the
results of the analysis with LC-HRMS, it could be seen the
structure of the identified compounds. This information
helped perform in silico tests. An in-silico approach,
namely through molecular docking, could be used to see
if a compound had the potential to act as an a-amylase
inhibitor [8-7,11]. In silico research had been conducted
to prove to inhibit the work of a-amylase and a-
glucosidase by several compounds. Several compounds
were able to inhibit the work of a-amylase in silico,
including Luteolin (LUT), Hesperetin (HES), and
Quercetin (QUE) [12]. The compounds that could inhibit
the action of a-glucosidase in silico were myricetin-3-O-
rhamnoside (myricitrin) and epigallocatechin-3-gallate
(EGCG) [1]. Molecular docking could be a valuable tool
for proving an activity [13] and facilitating the discovery
of new compounds in inhibiting a-amylase [14].

This study aimed to identify the secondary
metabolites of Vernonia amygdalina that could be
responsible for the antidiabetic activity, especially as an a-
amylase inhibitor. Metabolite profile of the active extract
followed by docking the discovered compounds from the
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profile used as tools to accomplish the goal.

m EXPERIMENTAL SECTION
Materials

Fresh leaves of Vernonia amygdalina were
obtained from a self-grown plant. The authenticity of the
plant was confirmed by The Plants Systematics
Laboratory, Faculty of Biology, Universitas Gadjah
Mada. All chemicals used were the analytical reagent
grade, such as methanol (MeOH), n-hexane,
dichloromethane (DCM), and ethyl acetate (EtOAc),
and were commercially purchased from Merck
(Darmstadt, Germany). a-amylase from hog pancreas
was purchased from Sigma USA. Dimethyl sulfoxide
(DMSO) and 3,5-dinitrosalicylic acid (DNSA) were
purchased from Sigma-Aldrich.

Instrumentation

The instruments used were rotary evaporator
(Buchi), LC-HRMS
Thermo Exactive Orbitrap (Thermo Scientific), and

incubator oven (Memmert),
spectrophotometer UV-vis (Thermo Fisher Scientific
G10S). Molecular docking assay was implemented using
AutoDock Tools (ADT, version: 1.5.7), provided with
the AutoDock 4.2 package (Autodock 4.2, Autogrid 4.2,
AD4.1_bound, and AD4_parameters). Docking and
MD simulation were running in a PC Computer using
an AMD ThreadRipper 3970X processor.

Procedure

Plant extract preparation

Fresh leaves were dried in the shade with the
sunlight exposure and aerated for 3-4 days. The dried
leaves were powdered using a blender machine (Philips).
Powdered leaves (500 g) of Vernonia amygdalina were
macerated with 2000 mL methanol (MeOH) at room
temperature for 3 x 24 h for each extraction. The MeOH
extracts were concentrated by a rotary evaporator at
40 °C to 100 mL. The concentrated methanol extracts
were partitioned with hexane-water (1:1) followed by n-
hexane, DCM-water (3:1), and DCM. All extracts of
partition were evaporated under vacuum at 40 °C. All
extracts were stored in the refrigerator until further use.
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In vitro a-amylase inhibitory studies

The method used for the a-amylase inhibition assay
was the 3,5-dinitrosalicylic acid (DNSA) method [13-14].
Each extract was dissolved in a minimum amount of 10%
DMSO and was further dissolved in buffer
((Na,HPO4/NaH,PO, (0.02 M), NaCl (0.006 M) at pH
6.9). The 200 pL of a-amylase solution (5 units/mL) was
mixed with 200 uL of the extract in a test tube and was
incubated at 30 °C for 10 min. The test tubes were added
200 pL of the starch solution (1% in water (w/v)) and
incubated for 3 min. The reaction was terminated by
adding 200 uL DNSA reagent (12 g of sodium potassium
tartrate tetrahydrate in 8.0 mL of 2 M NaOH and 20 mL
of 96 mM of 3,5-dinitrosalicylic acid solution) and boiled
at 85-90 °C for 10 min. The mixture was cooled to
ambient temperature and was diluted with 5 mL of
distilled water, and the absorbance was measured at
540 nm using a UV-Visible spectrophotometer. The blank
with 100% enzyme activity was prepared by replacing the
plant extract with 200 pL of the buffer. A blank sample
was prepared using the plant extract at each concentration
in the absence of the enzyme solution, while acarbose
(100 pg/mL-2 pug/mL) was used as a positive control. The
a-amylase inhibitory activity was expressed as percent
inhibition and was calculated using the equation given
below: The % a-amylase inhibition was plotted against the
extract concentration, and the ICs, values were obtained
from the graph.

AbS1099, Control ~ ADSsampl
% a amylase inhibiton =100 x Lo bl

AbSlOO% Control

Using LC-HRMS analysis

The methanol extract, n-hexane extract, DCM
extract, and EtOAc extract were analyzed using LC-
HRMS. Five mg of extract dissolved in 5 mL of methanol
then filtered with 0.2 pm PTFE membrane and 5 pL
sample was injected. The LC-HRMS employed UHPLC
Vanquish Tandem Q Exactive Plus Orbitrap LC-HRMS
ThermoScientific. The column used was Accucore C18,
100 x 2.1 mm, 1.5 um (ThermoScientific). The eluents
used were H,O with 0.1% formic acid (A) and acetonitrile
with 0.1% formic acid (B). The flow rate was 0.2 mL/min.
used gradient 5-60% B (0-15 min), flowed by 60-95% B
(15-22 min), and kept until 25 min before finally
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returning to 5%B (25-30 min). The MS/MS scan was set
at m/z = 200-2000 with full scan and ddMS2 using
positive and negative mode. The raw data was then
analyzed using compound discoverer 2.0 software using
untargeted metabolomics. The precursor ions and their
fragmentation pattern of particular peaks on the sample
chromatogram were matched with the mzCloud
compound database during the identification process.
The results of LC-HRMS were clarified by comparing
the measured molecular weight with the proposed
molecular weight. After that, check the molecular
formula at www.chemcals.com and the structural
formula at www.pubchem.com.

Molecular docking studies
Ligand preparation. The
compounds 1 to 5 was obtained from the results of the

ligand structure of
LC-HRMS analysis. These structures were drawn using
Marvin [15] in 2D format, and the clean 3D structure
was optimized using the Orca program [16]. A Density
functional theory (DFT) based on the proposed three-
fold corrected (3c) Hartree-Fock method, termed PBEh-
3c, was applied to optimize geometry ligand structure
[17]. The optimized structure of the ligand was loaded
partial charge by Gasteiger charge and kept in *.pdbqt
format using AutodockTools 1.5.7.

Receptor preparation. The protein structure was
downloaded from the protein data bank with PDB ID
4GQR. For docking purposes, water molecules were
clean, and the Co-Crystal ligand code in Myricetin
(MYC) was separate. Hydrogen atoms were added to the
protein structure using the PyMOL program. Partial
charges using the Gasteiger charge were loaded into the
structure by AutodockTools 1.5.7. The Final file *.pdbqt
was ready for docking.

Grid and docking parameter File. Using MYC ligand
reference, the grid box for the search location was
centered at [13.047 14.631 39.633] coordinate. The grid
box dimensions were 60 x 60 x 60 A with a 0.375 A
spacing. Autodock 4.2.6 was used as a docking program.
Lamarckian Genetic Algorithm was used as a search
parameter with ga run was 100 times running,
ga_pop_size was set to 300 and ga_num_evals using
comprehensive evaluation, 25000000. Docking results
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are visualized using Ligplot software version 4.4.2
(EMBL-EBI, Cambridgeshire, UK).

Molecular dynamics (MD) simulation
MD preparation. Complex structure from the best
results of the docking step was used as the initial structure
for MD simulation. Preparation uses the pdb4amber
module for checking gaps, adding hydrogen, and missing
atoms and residues. The protonation state (pK) of amino
Web  Service
Ligands

acid was computed using H++
(http://newbiophysics.cs.vt.edu/H++/).

parameterized using semi-empirical AM1-BCC methods

were

using the Antechamber program. The complex protein-
ligand was solvated using the TIP3P water model in a 14 A
cubic box. The final topology file (*.top) and coordinate
file (*.crd) were built using the LEap module from
AMBER?20.

MD step. Molecular dynamics simulation consists of four
steps. They are minimization of energy, heating,
equilibration, and production. Energy minimization is
needed to eliminate steric hindrance and bad contact.
Energy minimization consists of 5 stages. Each stage has a
different constraint value that gradually decreases. The
last stage of minimization was set to be free from
constraint. The combined algorithm, Steepest Descent,
and Conjugate Gradient were used in the minimization
step. The heating step is needed to make the solvent reach
the final temperature, 300 K. The simulation system was
set to the NVT ensemble when entering the heating step,
and a small constraint of about 10 kcal/mol was applied
only for C-alpha atoms. The Langevin method was used
with gamma_ In 1 for the heating process. The
Equilibration step was to get the appropriate density of
the system. In this step, an NPT ensemble was used, and a
constraint from the heating process was released
gradually. The final step, production run, was the
molecular dynamics without any constraint and in
natural conditions. The NPT ensemble was used from the
equilibration step. The Periodic Boundary Condition was
set to on, 9 A was used as a cutoff, and 2 fs was used as
timestep. Production of data evaluations was divided into
50 parts. Each part equals 2 ns simulation time and gives
100 ns in total. All MD step was carried out using the
pmemd module as part of the AMBER program [18].
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m RESULTS AND DISCUSSION
a-Amylase Inhibition Activity

The inhibitory ability of the extract was observed
from their ICs value. The smaller ICs, value indicated a
higher ability to inhibit a-amylase. Acarbose, a widely
used and marketed antidiabetic drug, was used as a
positive control. Acarbose worked by inhibiting a-
glycosidase and was chosen as a positive control because
no commercial anti-DM worked by inhibiting a-
amylase [14]. Acarbose as a positive control in a-amylase
inhibition was not as good as a positive control in a-
glucosidase inhibition. In the study on Vitex doniana
leaf extract, the ICs, value of a-glucosidase inhibition
was smaller than when inhibited a-amylase, namely
55.59 pg/mL and 256.66 ug/mL, respectively [19].

The results of the a-amylase inhibition assay of the
four types of extracts are shown in Table 1. The EtOAc
extract was the extract that had the smallest 1Cs, value,
namely 3.0 ug/mL. This extract had a smaller ICs, value
than the positive control. These findings indicated that
the EtOAc from Vernonia amygdalina was potent to be
further studied in searching for the compounds for the
a-amylase inhibitor. In another study, EtOAc extract
from Eugenia dysenterica leaves exhibited inhibitory
capability against -amylase, with an inhibitory ability of
above 50% at 10 ug/mL [20]. Similar results were also
found in the study on Vitex doniana leaf extract, where
the EtOAc extract had the smallest ICs, value [19]. The
ICs value of a-amylase inhibition from the Vernonia
amygdalina leaf extract was not as strong as the a-
amylase inhibition from the Vitex doniana leaf extract,
the ICs, values were 3.0 pg/mL and 1.67 pg/mL,
respectively.

Table 1. The results of a-amylase inhibition assay on
various extracts of Vernonia amygdalina and acarbose

ICs
No. Extract
(ng/mL)

1  Methanol 5.0
2 n-hexane 29.3
3 DCM 6.7
4 EtOAc 3.0
5  Acarbose 23.6
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Profiling of Compounds Using LC-HRMS Analysis

LC-HRMS results showed that 7 compounds only
appeared in the EtOAc extract. There were 5 of them had
good chromatogram results; namely, a single signal only
appeared in the sample (Table 2). These compounds had
not been reported as inhibitors of a-amylase.

The peak at RT 10.005 min identified the presence
of compound 1 and was characterized by fragment ions at
m/z 99.87447 and 136.13499. At the RT 11.347 min,
compound 2 was identified and indicated by the fragment
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at m/z 57.03340, 61.98717, and 85.51666.
Compound 3 was identified at RT 7.722 min and
characterized by the fragment ions at m/z 135.08040 and
83.02869. Fragment ions at m/z 101.02333, 137.02327,
and 161.02336 indicated the presence of compound 4
and exited at RT 8.290 min. Compound 5 was
characterized by the presence of fragment ions at m/z
68.86910, 145.20244, and 163.03885 and exited at RT
8.739 min. One of the LC-HRMS results could be seen
in Fig. 1.

ions

Table 2. LC-HRMS data of unique compounds in the EtOAc extract

RT Compounds Molecular weight ~ Production
) Formula
(min) No. Name (MW) (m/z)
10.005 Compound1 3-[(2Z)-3,7-dimethylocta-2,6-dien-1- CysH300, 394.21441 99.87447;
yl]-2,4-dihydroxy-6-(2- 136.13499
phenylethyl)benzoid acid
11.347 Compound 2 2-hexylpentanedioic acid CiH04 216.13616 57.03340;
61.98717;
85.51666
7.722  Compound 3  (2E,4E)-5-[1-hydroxy-2,6-dimethyl-4-  C;H30O10 442.1839 135.08040;
0x0-6-({3,4,5-trihydroxy-6- 83.02869
(hydroxymethyl) oxan-2-yl] oxy}
methyl) cyclohex-2-en-1-yl]-3-
methylpenta-2,4-dienoic acid
8290 Compound4 3,5,5-trimethyl-4-(3-{[3,4,5- CioH3,0; 372.214805 101.02333;
trihydroxy-6-(hydroxymethyl) oxan- 137.02327;
1yl) oxy} butyl) cyclohex-2-en-1-one 161.02336
8.739  Compound 5 2-{[(6E)-2,10-dihydroxy-2,6,10- C1H350s 418.25667 68.86910;
trimethyldodeca-6,11-dien-3-yl] oxy}- 145.20244;
6-(hydroxymethyl) oxane-3,4,5-triol 163.03885
100 -
3
g 80
7
€ 60
8
2 40 4
g
o
£ 20 ‘
1 | i | - I | r
50 100 200 m/iz 250

Compound 1

Fig 1. The LC-HRMS results in EtOAc extract
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Fig 1. The LC-HRMS results in EtOAc extract (Continued)

Molecular Docking Assay

Re-docking results

The RMSD value obtained from the re-docking
results was 1.998 A. This value was obtained from the
second conformation, and the interaction energy (E;) was
-7.16 kcal/mol. Re-docking MYC ligand was used as a
validating docking parameter since MYC are Co-Crystal
ligands of 4GQR (Fig. 2).

The type of interaction between MYC and human
pancreatic alpha-amylase before and after re-docking
was shown in Fig. 3. Hydrogen bond interactions
between MYC and amino acid residues Asp197, GIn63,
and Trp59 could still be seen. On the results of re-
docking could also be obtained the value of the
inhibition constant that was 5.6 uM.
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Docking results

The docking results of 5 unique compounds in the
EtOAc extract can be seen in Fig. 4. These results indicated
that not all the docked compounds occupied the active
site of the human pancreas a-amylase (Table 3). Human
pancreas a-amylase had an active site on Asp197, Glu233,
and Asp300 [21]. At the same time, acarbose (as a positive

control and as a diabetes drug) inhibited the action of a-

amylase through its active site, which was attached to ) _ '
amino acid residues Asp197, Glu233, and Asp300 (Fig. 5). Fig 2. Re-docking MYC ligand

Aspl97(A)

GIn63(/
Thrl63(A) o 3In63(A)

TrpS9A) @™
3 .
x @

" r
' @ S His299(A)

T Aspl97(A)

GIn63(A)

(a) (b)
Fig 3. (a) Complex between 4GQR and MYC co-crystals, and (b) Complex between 4GQR and MYC (re-docking)

Asal05(A)

|||\ll)|1:\l§ o %;::,\l
/
/

TyrlS1(A)

Thri63(A)

¥¢ His201(A)

2 ¢
|.[::“‘L\‘.Q€ Leul6S(A) ﬁnh A

Leul62(A)

Compound 1 Compound 2

Fig 4. Docking of the unique compounds in the EtOAc extract
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%ﬁi\

Val234(A)

Compound 3

Compound 5

Fig 4. Docking of the unique compounds in the EtOAc extract (Continued)

Based on E; and K; values, there were two of five
unique compounds in the EtOAc extract, which had a
better value than the E; and K; values of the original ligand
and acarbose, namely compound 3 and compound 4
(Table 4). A drug candidate could be better than the
standard drug if E; and K; were lower than the standard
drug [22]. The more negative the interaction energy, the

His101(A) TrpS8(A)
Asp300(A)

His305(A)

T l[\\\l%

His101(A)

Alal98(A)

S

Argl95(A)

Compound 4

more stable the ligand interaction with the protein. A
negative value of the interaction energy indicated that
the binding of the ligand to the protein was a
spontaneous process [23]. The value of the inhibition
constant could be said to be proportional to the ICs
value with the assumptions: 1) for competitive

inhibition, the substrate concentration is close to zero;
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Table 3. The hydrogen bond distance of each compound in the molecular docking analysis

Compound Compound Compound Compound Compound

Acarbose
1 2 3 4 5
. Aspl197 2.38;2.46 - - 3.12 3.02 -
=
é Asp300 3.11; 3.15 - - - - 2.63;2.88
@ Glu233 2.95 - - 2.77 2.89;3.21 -
5 Asp356 2.34 - - - - -
3 Tyr62 3.01 - - - - -
2 His101 2.89 : : : 2.90 :
% Thr163 - 2.58;3.02 - 2.61 - -
2 Lys200 - - 2.84 3.18 - -
g Ile235 - - 2.71 322 - -
hZ GIn63 - - - 2.54;2.98 - 2.75
a Trp59 - 2.59 - 2.53 - -
Tyr151 - - 2.82 - - -
His201 - - 2.82 3.12 - -
His305 - - - - 2.80 -
Argl95 - - - - - 3.16
;(31112?\3(:\) o and 2) for non-competitive inhibition, the substrate
: : 1\5219“(.-_\)- ™ .",.,,"i concentration is infinite. For Ki, smaller values denote
W PRy Tre® tighter binding [24].
[ ¢« *° pe
TpS8@) 1 & - P The location of the hydrogen bond formed
A 17l & HISI01A) between compound 3 and a-amylase was on the active
Asp300(A) & o o . . . .
< o » site of a-amylase, namely on the amino acid residues
P ™ Asp197 and Glu233 and in the amino acid residues
Asp3s6(a) F-® 0@ L anes(ay Thr163, Lys200, Ile235, Gln63, Trp59, and His201.
m@;}'m _‘g‘ S Compound 4 inhibited the protein's active site, notably

Fig 5. Results of docking acarbose with alpha-amylase
(PDB ID 4GQR)

Table 4. List of interaction energy values and inhibition

constants
Interaction energy/E; Inhibition
Name
(kcal/mol) constants/K; (uM)

Acarbose -6.44 19.09
Compound 1 -6.15 31.14
Compound 2 -4.34 659.75
Compound 3 -8.59 0.503
Compound 4 -7.26 4.75
Compound 5 -5.70 66.76

the Asp197 and Glu233 amino acid residues, and
established hydrogen bonds with the His101 and His305
amino acid residues. The number of hydrogen bonds
formed between compounds 3 and 4 with alpha-amylase
was what causes compounds 3 and 4 to have the most
negligible interaction energy and inhibition constant
compared to other ligands.

The value of the interaction energy and the
inhibition constant of compounds 1, 2, and 5 was less good
than acarbose. These facts were possible due to the
absence of hydrogen bonds formed with the active site of
a-amylase.

Molecular Dynamics Simulation Analysis

This MD simulation analysis was helpful in the
analysis of molecular docking results [25]. There were
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several parameters in the MD simulation, including Root
Mean Square Deviation (RMSD), Radius of Gyration,
Root Mean Square Fluctuation (RMSF), and Protein-
Ligand Interaction Energy.

Root mean square deviation (RMSD)

RMSD was a measure of conformational change
concerning the reference conformation. In this simulation,
the reference used was the initial confirmation at the start
of the production run stage. The conformational changes
of the five ligands are shown in Fig. 6. Compound 5 had a
high fluctuation at 10 ns. There were also high
fluctuations in compound 2 when after 40 ns. However,

25

2.25

compound 3 has relatively no high fluctuations. At 20 ns
to 40 ns, the five compounds converged in 1.25 to 1.5 A.
Overall the RMSD of all compounds/ligands was stable
in the change range of 1.5 A. This RMSD result showed
that the presence of the bound ligand did not
significantly change the conformation of the protein, so
it did not change the protein's function.

Radius of gyration

The radius of gyration showed the compactness of
the structure and could see whether the structure was
swelling or shrinking. The value of the radius of gyration
of the five compounds can be seen in Fig. 7. The radius

0 10 20 30 40

50 60 70 80 90 100

Time of Simulation (ns)

Fig 6. The conformational change of the five compounds during simulation time 100ns (blue: compound 1; grey:

compound 2; green: compound 3; yellow: compound 4; and red: compound 5)
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N
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w
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N
»
©
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Time of Simulation (ns)

Fig 7. The radius of gyration of the five compounds during simulation time 100 ns (blue: compound 1; grey: compound

2; green: compound 3; yellow: compound 4; and red: compound 5)
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of gyration showed the globular shape of the protein
structure. The graph showed the shape of the globular
structure was not swelling. The value of the radius of
gyration had a slight difference in the conformational
system of compound 3. The results of the radius of
gyration analysis were in line with the results of the RMSD
analysis, which showed that compound 3 did not have
high fluctuations.

Root mean square fluctuation (RMSF)
RMSF was the dynamic fluctuation of each amino
acid residue in the protein structure. This fluctuation
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Aa198 G233
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indicated a particular part of a protein structure that
could have certain flexibility. Fluctuations that were not
high allow for relatively easy interactions with ligands
(Fig. 8). The RMSF graph showed the portion of amino
acid residues that could have hydrogen bond interaction
and other interactions, including Aspl197, Glu233,
Ala198, Leul62, His101, Trp59, and Tyr62. Furthermore,
these residues could be considered when designing drugs
targeting a-amylase. According to the docking results,
compound 3 could form a hydrogen bond with amino
acid residues Asp197, Glu233, and Trp59. Compound 4
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Fig 8. RMSF data (blue: compound 1; grey: compound 2; green: compound 3; yellow: compound 4; and red: compound
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Fig 9. Protein-ligand interaction energy (blue: compound 1; grey: compound 2; green: compound 3; yellow: compound

4; and red: compound 5)
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could form hydrogen bonds with amino acid residues
Asp197, Glu233, and His101.

Protein-ligand interaction energy

The interaction energy was calculated using
NamdEnergy from the NAMD program by looking at the
non-bond interaction between protein and ligands. The
calculated interactions included Van der Waals and
electrostatic interactions. The total energy was the sum of
the two energies—the more negative, the stronger the
interaction between the ligand and the receptor (Fig. 9).
Compounds 3 and 4 had the most substantial interaction
energy values, with an average of -96.45 and -62.92
kcal/mol, respectively. Based on the graph, the interaction
of the two ligands was relatively stable, only slightly
experiencing insignificant fluctuations. The other three
ligands appeared to be binding unstable.

m CONCLUSION

The extract with the most potential as an a-amylase
inhibitor was the EtOAc extract. From the LC-HRMS
analysis, the EtOAc extract contained seven unique
compounds. Five of the seven unique compounds had
good chromatograms and were analyzed by molecular
docking and MD simulations. This analysis could prove
compounds with potential as a-amylase inhibitors,
including compound 3.
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