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ABSTRACT

Aspartame (L-alpha-aspartil-L-phenylalanine-1-methyl ester) known as a molecule that plays role in
sweet taste and the derivatives of aspartile-dipeptide is also known to have the potential as a sweetener. The
object of this study was to know the interaction of the aspartyl-dipeptides derivatives against metabotropic
glutamate receptors (mGIuR). This target protein can induce active synapse signal for a sweet taste. The study
has been carried out to observe the interaction of ligand and target protein using molecular docking
simulation. The interaction of the aspartyl-dipeptides derivatives connected with Lys409 through hydrogen
bond interaction. The carboxylate group might be responsible in the sweetening interacted with Ser186,
Thr188, Asp318, Lys409, and Arg78, and N-H group interact with Ser186 and Asp318 favorably by forming
hydrogen bond. The benzene ring could interact with Tyr74 and Tyr236 with hydrophobic pocket at the
binding site.
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INTRODUCTION

Aspartame or aspartyl-phenylalanin methyl ester is an artificial sweetener that has a degree of
sweetness about 180-200 times more than sucrose and can be metabolize by the body as big as 3.97 Kkal/g [1,
2]. The derivatives of aspartil-dipeptide can also be used as sweeteners and is commonly used in products in
the market, especially in food products or sugar-free products [1].

The use of aspartame have side effects due to the metabolism of aspartame in the body such as
toxicity from methanol which is one of the product from the process of metabolism, the increase in
concentration of phenylalanin (Phe) in plasma and aspartic acid can increase the transportation of amino acid
into the brain and will change the neurochemical in the brain, as well as induce the effect of epilepsy and brain
tumor [3, 4].

Many studies have been done on the use of aspartame in various species such as human, rat, mouse
and rabbit [5-7]. However, not many studies were made on aspartame interaction as target site, which is
sweet receptor.

The discovery of the sweet receptors has open new perspectives for designing new sweeteners that
require explanation on the mechanism of interaction between the sweetener and sweet receptor. TIR2-T1R3
receptors are activated by the sweet molecules which are Class C, G-protein coupled receptor (GPCR) with the
sequence homology of mGIuR receptors (metabotropic Glutamate receptors). Metabotropic glutamate
receptors are homodimeric while T1R3 receptors are heterodimeric [8]. Previous study [9-11], the structure
and activity analysis (QSAR) was used a derivative-dipeptide aspartil derivatives and lead structure 3-amino
acid suksinamate suggested that sweet receptors shows some activity with the molecule [12].

The previous study, the molecular docking process has been conducted on three compounds that
have the potential to give sweet taste that are neotame, superaspartam, dan SC-45647 [13, 14]. The results
showed that proposed active conformations of the high-potency sweeteners neotame, superaspartame, and
SC-45647 could interact favorably in this binding site, forming ion pairs or ionic hydrogen bonds with His-163,
Glu-318, and His-407, in addition to hydrophobic interactions with numerous nonpolar side-chains [13]. Here
we docked forty compounds of the aspartyl-dipeptides and derivatives to know the interaction against
sweetening receptor. This study was expected to give information on planning the production of aspartyl-
dipeptides that is safe to use by knowing the place of the amino acid interaction from the various kind of
derivatives.

MATERIALS AND METHOD
Materials

This research used LBD (ligand binding domain) of Structure of 3D LBD(ligand binding domain)
metabotropic Glutamate receptor (mGIuR) (PDB id : 1EWK[15]) structure with 2.2 A resolution [15]. In this
crystal structure (1EWK), glutamate acid is complexed with mGIuR. The crystal structures were selected should
have best resolution or lower resolution value, and also have R-free and R-value lower than 0.25 [16]. The 3D-
structures of ligands were constructed using Hyperchem 7, then were optimized using Austin Model 1 (AM1)
[17].

Molecular Docking Simulation

MGL tools program package 1.5.4. (Molecular Graphics Laboratory, The Scripps Research Institute)
was used to prepare protein structures, ligand structures, grid parameter file and docking parameter file;
furthermore, the AutoGrid v 3.05 program (The Scripps Research Institute) is used to prepare the grid, the
Autodock 3.05 (http://autodock.scripps.edu) was employed to simulate the docking process under Linux
program. As proposed by Brown and Ramaswamy (2007), qualified crystal structures should have the best
resolution or lower resolution value, and also have R-free and R-value lower than 0.25 [16].

The chemical structures for the aspartil-dipeptide derivatives were obtained from literatures [9, 11,
18]. Forty aspartil-dipeptide derivatives compounds had been docked via molecular docking [19-21].
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The ligands and proteins were prepared by AutoDockTools (ADT). Ligand and protein available in the
PDB structure were converted to PDBQ and PDBQS format by adding charges, hydrogens and assigning ligand
flexibility. Kollman charges and solvation parameter were assigned using default value to the protein while
Gasteiger charges were added to each ligand. A grid box of 60 x 60 x 60 points, with a spacing of 0.375 A and a
precise coordinate 11.407, 13.031 and 12.342 along the x, y and z axes pertaining the center of the active site
was built around the binding region. Population size of 150 and 250 000 energy evaluations were used for 50
search runs via Lamarckian Genetic Algorithm (LGA) [17, 21]. The molecular docking result were analyzed
based on the lowest free energy binding chosen from the most populated cluster and saved in dlg file for
visualization. Aspartame was used as control docking that imposed against mGIuR (PDB ID:1EWK)[15].

RESULTS AND DISCUSSION

The compounds of aspartyl-dipeptide derivatives that have known their degree of sweeteness (high,
medium and low) are choose based on availability of optimize geometry process. The degree of sweetness is
correlated with relative sweetness (RS), where RS is sweetness power (SP) relative to sucrose. Log RS and SP
(Log 1+RS) value are converted into 107", Lower the value of 10°*°¢™, higher the degree of sweeteness [9,
11, 18].

Observation of Target Protein Metabotropic Glutamate Receptor (mGIuR)

The observation of crystal structure of receptor have been done to identify the essential of amino
acid favorably interact with the ligands and this is important for contribution of a sweet taste.

Asp318

Figure 1: The interaction of amino acid residue on catalytic side of mGIuR receptor with model ligand of glutamic acid
(bold stick). This figure was visualized by Discovery Studio 3.5.

The data showed that the essential residues of amino acid (Tyr74, Arg78, Serl64, Serl65, Ser186,
Thr188, Tyr236, Glu292, Gly293, Asp318, Arg323 and Lys409) that interact with glutamate acid natural ligand
before re-docking as shown in Fig. 1. In previous study, the site active of hT1R2 receptor are Tyr103, Asp142,
Asn143, Ser144, S165, Alal66, lleul67, Serl68, Tyr215, Arg270, Val272, Val274, Phen275, Ser301, Glu302,
Ser303, Asp305, Thr326, Arg378, Lys379, Ser380, and Arg383 [22, 23]. Zhang et al. (2009) found the
hydrophobic site in hT1R2 include Asp43, Val64, lleu67, Tyrl03, and Lys65 of the upper lobe, and Pro277,
Lys279, and Val309 of the lower lobe [12].

The observations showed that the Asp318, Thr188 and Ser186 amino acid interacted with atom N of
glutamate acid with the distance 2.8 A. The amino acid of Lys409 interacted with atom N of the glutamate acid
ligand with the distance value 3.1 A. Groups of -OH as a donor proton of the amino acids Tyr74 also had
hydrogen bonding interactions with the O-1 and O-2 of glutamate acid with the distance value 3.1 A and 2.5 A,
respectively. The natural ligand (glutamate acid) interacted with atom O of Ser165 and atom N of Thr188 with
distance value 2.8 A and 2.7 A, respectively. Atom N of Serl5 had hydrogen bond interaction with atom O of
the ligand with distance at 3.1 A. While, atom N of Thr188 have hydrogen bond with the ligand and the
distance is 2.87 A as shown in Table 1. The ligand glutamate also had hydrophobic bond interaction with
benzene ring of Tyr236 with the distance 3.9 A and 3.6 A.
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Tabel 1: Hydrogen Bond Interaction of Glutamic Acid with mGluR.

Amino acid residue atom Ligand Atom Distance (A)
TYR74:0H GLU701:0E1 3.08
TYR74:0H GLU701:0E2 2.50
SER165:N GLU701:0 3.08

SER165:0G GLU701:0XT 2.67
THR188:N GLU701:0XT 2.97
LYS409:N GLU701:0E1 3.07
SER186:0 GLU701:N 2.78
THR188:0G1 GLU701:N 2.87
ASP318:0D2 GLU701:N 2.83

Molecular Docking Simulations of Aspartame as Control Docking Ligand.

Table 2 showed that the amino acid residues interacted with the mGIuR in ranking number one of

their population with 50 times running at different dimension of grid box.

Table 2: Re-docking result simulations of amino acid with variance dimension of Grid Box.

Amino acid residue Grid dimension Box
(40)° (50)° (60)°
Tyr74 X X X
Arg78 0 o] o]
Serl64 0 0] (0]
Ser165 X X X
Ser 186 X X X
Thr188 X X X
Tyr236 (0] X X
Glu292 0 0] (0]
Gly293 (0] (0] (0]
Asp318 X X X
Arg323 (0] (0] (0]
Lys409 X X X
RMSD 1.020 1.170 0.40
FEB -8.88 -8.76 -8.94
K; (nM) 3.09 3.81 2.18

X= present; O = absent; FEB = Free energy Binding; K; = Constant Inhibition

Different dimension of grid box was started with narrower one and further with larger one thus all the
target amino acid could be interacted with the ligand as shown in Table 2. The results also showed that value
of K; relatively did not change with increasing size of dimension and keep in scale on nanomolar value.
However, no all of hydrogen bond interaction could be produced as crystal form, the value of RMSD still in the
range not higher than 2 A. There was still the interaction of essential amino acid with the ligand even in
increasing dimension of grid box. The amino acid Ser165, Ser186, Thr188 and Lys409 had hydrogen bond
interaction to the ligand in all the dimension (40)*, (50)* dan (60)® point, 0.375 A apart and their distance was
lower than 3 A which suited with hydrogen bond distance requirement. According to Kunishima et al. (2000),
the most important hydrogen bond to the ligand of glutamate was interaction with amino acid Tyr74 thus the
simulation docking result showed the amino acid that had the interaction was amino acid Tyr74, Arg78,
Ser164, Ser165, Ser186, Thr188, Tyr236, Glu292, Gly293, Asp318, Arg323 and Lys409. This amino acid became
the main reason in choosing the most suited dimension of grid box [15].

Simulations docking of aspartyl-dipeptide derivatives

The conformation of molecular docked result was chosen based on interaction of amino acid and
according to cluster analysis from histogram Table of Autodock. The interaction of amino acid could be
visualized by using Discovery Studio Visualiser 3.5.

Molecular docking simulations using AutoDock ligands allowed flexibility but limited to non-cyclic
single bonds [21]. Structure of both aromatic and aliphatic cyclic was treated as part of the rigid ligands. Some
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of these ligands have aromatic ring and aliphatic chain that have influence on interaction bond between ligand
and with the receptor at binding site. Almost all of the ligand of ligand-aspartyl dipeptide derivatives had
capable to generate the interaction with the target amino acid residues. Some ligands was not able to produce
bond interaction with the amino acid residues Arg78 as shown Table 3 due to the position of Arg78 bit away
from the main dimensions of the ligand binding site, such as ligand of S1, S6, S18, S22, S36, S37, S56, S59, 576,
S81 and Q84 (See in Supplementary). Ligand of S19 and S31 also did not have bond interaction with Ser164
amino acid residues. S32 did not have binding interactions with amino acid Thr188, while S20 did not interact
with amino acid of Gly293.

Table 3: Amino acid residues that interact with the ligand of aspartyl-dipeptide derivatives.

Ligand Y74 R78 S164 S165 S186 T188 Y236 E292 G293 D318 R323

K409

S1 X 0 X X X X X X X X X X
S6 X 0 X X X X X X X X X X
S12 X X X X X X X X X X X X
S13 X X X X X X X X X X X X
S14 X X X X X X X X X X X X
S17 X X X X X X X X X X X X
S18 X X X X X X X X X X X X
S19 X X 0 X X X X X X X X X
S20 X X X X X X X X 0 X X X
S22 X 0 X X X X X X X X X X
S29 X X X X X X X X X X X X
S30 X X X X X X X X X X X X
S31 X X 0 X X X X X X X X X
S32 X X X X X 0] X X X X X X
S35 X X X X X X X X X X X X
S36 X 0 X X X X X X X X X X
S37 X 0 X X X X X X X X X X
S38 X X X X X X X X X X X X
S39 X X X X X X X X X X X X
S56 X 0 X X X X X X X X X X
S59 X 0 X X X X X X X X X X
S60 X X X X X X X X X X X X
S68 X X X X X X X X X X X X
S70 X X X X X X X X X X X X
571 X X X X X X X X X X X X
S74 X X X X X X X X X X X X
S76 X 0 X X X X X X X X X X
S78 X X X X X X X X X X X X
S79 X X X X X X X X X X X X
S80 X X X X X X X X X X X X
S81 X 0 X X X X X X X X X X
589 X X X X X X X X X X X X
S91 X X X X X X X X X X X X
592 X X X X X X X X X X X X
S96 X X X X X X X X X X X X
S99 X X X X X X X X X X X X
5100 X X X X X X X X X X X X
5101 X X X X X X X X X X X X
5102 X X X X X X X X X X X X
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S111 X X X X X X X X X X X X
S112 X X X X X X X X X X X X
S113 X X X X X X X X X X X X
S132 X X X X X X X X X X X X
Q83 X X X X X X X X X X X X
Q84 X O X X X X X X X X X X
Q85 X X X X X X X X X X X X
Q86 X X X X X X X X X X X X
Q88 X X X X X X X X X X X X
Q90 X X X X X X X X X X X X
Q91 X X X X X X X X X X X X
Qo4 X X X X X X X X X X X X
Q111 X X X X X X X X X X X X

Explaination: X= presence of interaction of amino acid, O = absent of interaction of amino acid

The main group of carboxyl group, carbonyl group, carboxylic group, NH groups and some derivatives
that have the benzene ring. Molecular docking simulation is performed in previous studies also suggested that
bond interactions with the receptor structure has the same features that are carboxyl groups, two
hydrophobic substituents, and three polar NH. These groups were responsible for sweet taste inducer. Nature
of the binding site of mGlu receptors have a very high polar characteristic due to a lot of hydroxyl groups [24]

The overall result of aspartyl dipeptide derivatives could be concluded that carboxylic group (COO-) of
aspartyl-dipeptide derivatives had a bonding interaction with Lys409 amino acids. Carbonyl group interacted
with amino acid Arg323 and the carboxyl group had interactions with amino acids Ser186, Lys409 and Arg78.
While, the benzene ring of the compounds formed hydrophobic bond interaction with amino acid Tyr74 and
Tyr236. In addition, some of derivatives that have benzene ring make interaction bondingwith amino acid
Trp110 which is not an amino acid target. a Groups of NH of this derivatives formed hydrogen bon interaction
with amino acid Ser186, and Asp318. Molecular docking results of superaspartame with mGlu receptors
showed that carboxylate groups have bonding interactions with amino acid His163 and His407 in the surface of
LB1. Glu318 in the surface of LB2 make bonding interaction with polar groups of -NH and CH2 groups of the
ligand bonded to amino acid Ser164 and Ser292 [24]. Figure 2 showed that the overlay of all ligands against
binding pockets of mGlu receptor in the same place. Overlay of several ligands exhibit different ligand
conformation yet still be able to bind and interact with the essential amino acid residues.

Figure 2: The results showed that the overlay of ten ligands interacted with target amino acid.

Hydroxyl and carbonyl groups played an important role as hydrogen acceptor in-aspartyl dipeptide
derivatives that form hydrogen bonds interaction, and the hydrogen bonding acceptor is an important
pharmacophore feature that can cause a sweet taste [25]. Hydrogen bonds are formed between
electronegative atom (usually oxygen or nitrogen) and a hydrogen atom covalently bonded to another
electronegative atom in the same molecule or other molecules. Amino acid residues also have hydrogen atom
donors such as hydroxyl groups and hydrogen atom in amines. The presence of hydrogen donor groups and
hydrogen bond acceptor causes most of hydrogen bonds are formed. Hydrogen bonding was important in
strengthening the structure by forming intermolecular bonds [26]. Hydrogen bond may affect the physical
properties of chemical compounds, such as boiling point, melting point, solubility in water, ability to form
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chelates and acidity. Changes in these properties can affect the biological activity of compounds [27].
However, the addition of a methyl group at position N various derivatives leads to loss of hydrogen bonds and
weak intermolecular bonds between molecules that cause less soluble in polar solvents.

However, hydrophobic interaction had an important role to stabilize the protein conformation, for
the lipid transportation by plasma proteins. Molecular docking results showed that there were some
hydrophobic interactions on aspartyl- dipeptide derivatives which have chiefly benzene group. It was
instrumental forming a more stable complex between the ligand and the target protein. Ligands that have a
phenyl group, aromatic and aliphatic group formed a hydrophobic bond with amino acid Tyr74. Hydrophobic
bonding was due to polar region of the ligand with non-polar regions of protein targets. Formation of
hydrogen bonds and hydrophobic an important factors for sweet taste.

Table 3 Docking result of ligand that has highest the degree of sweetness.

Ligand FEB K; Hydrogen BOnd Distance RMSD Sweetener
kcal/mol Level*
(103-LogRS)
56 +0.92 +18.99°% TYR74 2.33 18.87 0.2
SER165 1.93
THR188 1.92
ARG32 2.12
LYS409 2.10
SER164 2.48
SER186 2.07
Q111 -7.26 +4.75e-06 TYR74 2.40 9.84 0.25
ARG78 2.30
GLY293 1.94
ARG323 2.48
LYS409 2.48
LYS409 LYS409 1.55
TYR74 2.38
2.21

FEB = Free Energy Binding
K; = Constant Inhibiton
RMSD: root mean square difference

*  Sweetener level was declared by LOG RS (Relative sweetness), Log 1 +RS have been converted to 10%te8Rs

There was different in value for FEB and Ki value of the ligand S56 and Q111. The value of FEB of the
ligand S56 was 0.92 kcal/mol, ligand S56 was +0.92 kcal/mol and ligand Q111 was -7.26 kcal/mol. Binding
affinity of the ligand Q111 to the target protein was much stronger other than ligand S56 even they have the
same high degree of sweetness. While, K; value showed minimum concentration needed to work effectively on
target protein. The K; value of ligand Q111 with the value of 4.75 10" much smaller than S56 with 18.99 10°*.
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Figure 3 : The interaction of amino acid residue on catalytic side of mGIuR receptor with Q111 compound (bold stick and
black carbon). This figure was visualized by Discovery Studio 3.5. Green line: hydrogen bond interaction,
blue line hydrophobic interaction
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The higher means that the higher affinity for the target protein due to relatively stronger the bond.
While, the smaller value was the value of K; much better. However, this factor did not considered as a major
factor as not all drugs require the lowest energy to bind to the receptor, but the conformation is one of the
factor of solubility due to capability to make hydrogen bond [28].

As shown in Fig. 3, the amine group of Q111 could interact well with Asp318. The carbocylate acid
group formed hydrogen bond with Thr188, Asp318, and Ser186. The aromatic ring group was closed to Tyr74,
Ser164, and Vall67. Asp318, Thr188, and GIn211 formed hydrogen bod network to stabilize the interaction of
ligand and receptors eith recognition of negatively charged groups of ligands[29]. Therefore, this network was
closed with carboxylate acid groups of ligands.

CONCLUSION

The conclusion can be drawn that the computational docking studies were able to see the interaction
of amino acid residues in various derivative of aspartyl-dipeptide. Q111 gave the best interaction that have
smallest FEB. Carboxilate acid, carbonyl, amine, and benzene ring of aspartyl-dipeptide derivatives might play
important role in binding interaction against mGlu receptor. The carboxylate group of the ligand derivatives
interact with amino acid Lys409. The carbonyl group ligand derivatives interact with amino acid Arg323 as NH
group interacts with amino acid Ser186 and Asp318. Q111 contained benzene ring that have hydrophobic
interaction with amino acid residues Tyr 74 and Tyr 236.
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