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Abstract

The human sweet taste receptor (hT1R2-hT1R3) is the heteromeric complex
composed of TIR2 and hT1R3 in the class C G-protein-coupled receptors (GPCRs). Up to
date, no crystal structure of hT1R2-hT1R3 is available, and thus homology modeling was
applied here to model the hT1R2-hT1R3 complex using metabotropic glutamate receptor
subtype 1 as the template. The hT1R2-hT1R3 can bind with low molecular weight
sweeteners such as aspartame, neotame, sucralose, xylitol and sorbitol. In the present
study, the hT1R2-hT1R3 modeled complex with xylitol or sorbitol bound were studied by
molecular docking and molecular dynamics simulation. The intermolecular interactions
between ligand and protein as well as binding free energies suggested that both xylitol
and sorbitol preferred to bind with hT1R2 rather than hT1R3. These results could provide
a more understanding of interaction between human sweet taste receptor and

sweeteners (xylitol and sorbitol).
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Chapter 1

Introduction

1.1 Background and motivation of study

Xylitol and sorbitol are known as low energy sweeteners. They have lower calories
and are much sweeter than sucrose. Xylitol is categorized as a sugar alcohol like sorbitol,
but xylitol has 5 carbon atoms which is 1 atom lower than sorbitol. The resemblance of
structures of xylitol and sorbitol make them share something in common. They are
actively beneficial for dental health by reducing caries and can be used to prepare foods
for diabetes patients. Xylitol and sorbitol (also known as glucitol) are produced by

catalytic hydrogenation of xylose and glucose, respectively.

Human can detect all 5 tastes: sweet, bitter, sour, salty and umami through
different protein receptors. Sweet taste receptor is taste receptor type 1 subtypes 2 and 3
(T1IR2, T1R3). So, sweet taste receptor of human (hT1R2-hT1R3) is a heterodimer of T1R2
and T1R3. Up to date, hT1R2-hT1R3 has no crystal structure and thus homology modeling
is used to predict the 3D structure of this complex. Then, xylitol and sorbitol are
separately docked into the ligand-binding sites of hT1R2-hT1R3 by using molecular

docking simulation in order to get the initial structure for molecular dynamics study.

In this study, we studied the sweeteners (xylitol and sorbitol) binding to the ligand
binding sites of hT1R2 and hT1R3 using molecular dynamics simulation. The binding free
energies of sweetener at the binding sites of hT1R2 and hT1R3 were investigated and
compared. The critical residues important in the sweetener binding were also identified.
All of these results can increase our understanding about the interactions between hT1R2-

hT1R3 and sweeteners.



1.2 Objectives of the study

1.2.1 To compare the efficiency of sweetener binding free energy at the ligand

binding sites of hT1R2 and hT1R3.

1.2.2 To identify the critical residues important in the sweetener binding.

1.3 Benefits of the study

Increased understanding about the interactions between hT1R2-hT1R3 and

sweeteners could be further helpful in sweetener design.

1.4 Related studies

In 2012, Masuda et al [1] studied about characterizing the modes of binding
between hT1R2-hT1R3 and low-molecular-weight sweet compounds by functional
analysis and molecular docking simulation at the binding pocket of hT1R2. They
determined the amino acid residues responsible for binding to sweeteners in the cleft of
hT1R2. They used mGluR1 crystal structure from Kunishima et al’s [2] study for creating a
homology modeling which was looked same as Maillet et al’s [3]. They could deeply
characterize and identify critical residues along with two water molecules between hT1R2-
hT1R3 and aspartame. They showed that the binding depended on two water molecules
and 11 amino acid residues in the binding pocket. All of the studies can bring the

understanding of binding pocket of hT1R2 in molecule.



1.5 A tongue of human

Humans can detect and identify the 5 tastes: sweet, bitter, salty, sour, and umami
by their tongue, palate, epiglottis, and upper esophageal because these organs have taste

buds and the tongue is the organ that has the most taste buds among the others [4].

A Tongue can be categorized into 3 sites by papillae with the taste buds [5].

(Figure 1.1)
1. Circumvallate papillae, which can be found at the very back of a tongue.
2. Foliate papillae, which can be found at in the anterior two-thirds.

3. Fungiform papillae, which can be found at the posterior literal edge of the

tongue.

Figure 1.1 The taste buds and papillae [6].

The taste buds are composed of 50-100 taste receptor cells. Upper and lower of
taste receptor cells are sharp. The top of taste buds are called taste pore and the bottom
of taste buds have many nerves that help detect and transmit taste signals to the brain

[5]. (Figure 1.2)



Figure 1.2 The shape of taste bud [6].

1.6 A sweet taste receptor

When we eat food, substances are digested by enzyme in saliva. The result of the
digestion will cause transduction, which is a process that can convert chemical energy into
electro chemical energy. Taste receptor cells in taste buds have 2 types: a receptor
protein that is the protein channel called G protein-coupled taste receptors and ion
channel. A taste receptor is a protein channel which facilitates the sensation of taste [7].
Taste receptor type 1; subtypes 2 and 3 (T1R2-T1R3) are heteromeric complex that detect
of all sweet taste stimuli. TIR2-T1R3 are in class C G protein-coupled receptors (GPCRs)
and related to metabotropic glutamate receptor (mGluRs) [8]. TIR2-T1R3 are a large
extracellular terminal domain composed of Venus Flytrap Module (VFTM), cysteine rich

domain (CRD), and 7-helix transmembrane domain (TMD) [9]. (Figure 1.3)



Figure 1.3 Taste receptor type 1 subtypes 2 and 3 (T1R2-T1R3).

1.7 Xylitol and sorbitol

Xylitol and sorbitol are sugar alcohol used as sweeteners. Xylitol is found in many
fruits and vegetables for example birch, cabbage, and strawberry. Sorbitol is found in
many fruits for example corn, cassava, and potato. Xylitol and sorbitol are sweeter than
sucrose, and have lower calories. Xylitol has 5 carbon atoms that are lower than sorbitol
1 atom (Figure 1.4). Xylitol is produced by catalytic hydrogenation of xylose. Sorbitol is
produced by catalytic hydrogenation of glucose. Xylitol and sorbitol are normally found
as ingredients in ‘sugar-free’ candies and chewing sum. They can also be used to prevent

dental caries because microorganisms cannot consume these sweeteners to survive [10].

A) Xylitol B) Sorbitol
’ gH QH QH
HO/\_/\_/\OH HO/W/OH
OH OH OH OH

Figure 1.4 Chemical structures of A) xylitol and B) sorbitol.



1.8 Homology modeling

In the world, there is only little numbers of protein structures with solved by
experiment from many protein sequences. The computational tools are needed to solve
the protein structures. The best method is homology modeling or comparative modeling
[11]. This method is used to successfully predict a 3D tertiary structure of unknown
protein structure using known protein templates. The protein template is crystal structure
that crystallizes by X-ray crystallography experimentally, has similar protein structure with
the unknown protein, and related to unknown protein evolutionarily [12]. The sequence
identity between the template protein and the target sequence is more than 20 % that is

agreeable [13].

1.9 Molecular docking simulation

Molecular docking simulation is the computational method which predicts the
binding-conformation of small molecule ligands and a receptor at the appropriate target
binding site. Molecular docking may be defined as “lock-and-key”, which one ligand wants

to find the correct relative orientation of the receptor key (Figure 1.5) [14].

Figure 1.5 Docking between ligand and receptor.



The conformations of protein-ligand complex will be calculated using CDOCK

program [15]. The various contributions to binding can be written as an additive equation

[16]:

AGy; 4= AGggent tAG o HAGH +AG, o +AGt/t +AG;,

where AGy,,4 is energy of the pose within the binding site.
AG,ent 1S COMpoNents consist of solvent effects.
AG, ¢ is conformational changes in the protein and ligand.

AG,, is free energy due to protein-ligand interactions.

AG,, is internal rotations.
AG,, is energy of ligand and receptor to form a single complex.

AG, is free energy due to changes in vibrational modes.

The best of protein-ligand complex has the lowest binding interaction energy. It

used to the first complex for molecular dynamic simulation.

1.10 Molecular dynamics simulation

Molecular dynamics (MD) simulation is a computer method for studying the
physical movements of atoms and molecules in liquids. In the most widely, Newton's

equations of motion for a system of interacting particles determine the trajectories of

atoms and molecules [17].

d’r (1)

dt?

where F, is the force acting upon i particle at time t.
m; is the mass of the particle.

ri(t) = (x(t), yi(b), z(t)) is the position vector of i particle.



Their potential energies are calculated using molecular mechanics force fields. The
molecular systems are minimized and prepared parameters for long MD simulations using

AMBER 14 package program [18].

Thermodynamic properties of the system are canonical ensemble (NVT),
isothermal-isobaric (NPT) ensemble, and generalized ensembles that used to control the

system. When the system is stable, its can bring data calculation for analysis.



Chapter 2

Methods

2.1 Materials
2.1.1 High-performance computing
2.1.2 Ubanta operating system version 14.04
2.1.3 Programs and websites
2.1.3.1 Protein Data Bank (PDB)
2.1.3.2 ORF Finder
2.1.3.3 Swiss Model
2.1.3.4 PROPKA
2.1.3.5 BIOVIA Draw 2016
2.1.3.6 GaussView 5.0
2.1.3.7 Discovery Studio 3.0
2.1.3.8 CDOCKER
2.1.3.9 SSH Secure Shell
2.1.3.10 AMBER 14
2.1.3.11 EditPlus
2.1.3.12 OriginPro 8

2.1.3.13 PyMOL
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2.1.3.14 VMD 1.9.2
2.1.3.15 VideoMach

2.1.3.16 Chimera 1.11.2

2.2 Preparation of human sweet taste receptor

The 3D structure of human sweet taste receptor (WT1R2-hT1R3) was built using the
crystal structure of mGluR1 solved in active (glutamate-bound) form and obtained from
protein data bank codes 1EWK [2] as the template protein (Figure 2.1) by homology
modeling [12]. The nucleotide sequences of hT1R2 and hT1R3 were obtained from
GenBank codes BK000151 and BKO000152 [8], using ORF Finder website (Figure 2.2).
Homology model of hT1R2-hT1R3 has been constructed with the Swiss Model website
(Figure 2.3). The protonation state of all ionization residues of hT1R2-hT1R3 was

characterized by PROPKA website (Figure 2.4).

Figure 2.1 Crystal structure of mGluR1 as template protein for constructing the hT1R2-

hT1R3 modeled structure.



Figure 2.2 ORF Finder website.

Figure 2.3 Swiss Model website.

11
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Figure 2.4 PROPKA website.

2.3 Preparation of xylitol and sorbitol

The 3D structures of xylitol and sorbitol were built from SMILES string using BIOVIA
Draw 2016 program (Figure 2.5) and then optimized by quantum calculation at the HF/6-

31G* level of theory using GaussView 5.0 program (Figure 2.6).

Figure 2.5 SMILES string in BIOVIA Draw 2016 program.
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Figure 2.6 Calculation setup in GaussView 5.0 program.

2.4 Molecular docking simulation

Protein-ligand docking program, CDOCKER [15], in Discovery Studio 3.0 was used for
the docking study. Xylitol and sorbitol were separately docked into the ligand-binding
sites of hT1R2 and hT1R3 where glutamate is bound in the mGluR1. Docking sphere with
radius of 10 A was used (Figure 2.7). 100 poses of docking simulation were performed for
each ligand. The docked complex with the lowest interaction energy was chosen as

starting structure for molecular dynamics simulation.

Figure 2.7 Sphere object attributes of hT1R2 (left) and hT1R3 (right).
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2.5 System preparation

All system preparations were performed by AMBER14 program [18]. The missing
hydrogen atoms were added using the tlEaP module in AMBER [19]. The AMBER ff12SB
and gaff force field were applied for protein and ligand, respectively. Finally, each
complex was solvated in the 122.78x107.39x119.73 A’ rectangular box of TIP3P water
model. Prior to perform MD simulation, the hydrogen atoms and water molecules were
minimized with 3,000 steps of steepest descents (SD) and conjugated gradient (CG), while
all protein and ligand atoms were restrained. After that, each system was minimized with
restrained ligand, Na', and the surrounding residues within 12 A from ligand. The total

atoms of each system are shown in Table 2.1

Table 2.1 Total atoms in the two focused systems of sweeteners/hT1R2-hT1R3 complex.

Total atoms
Xylitol Sorbitol
hT1R2 7,243 7,243
hT1R3 7,018 7,018
Ligand a4 52
Sodium ion 20 20
Water 119,886 119,889
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2.6 Molecular dynamics simulation

MD simulation was performed under periodic boundary condition. All covalent
bonds involving hydrogen atom were fixed by SHAKE algorithm. The short-range cutoff of
10 A was employed for non-bonded interactions, while the Particle Mesh Ewald (PME)
summation method was applied for calculating the long-range electrostatic interactions.
Langevin algorithm has been applied to control temperature with a collision frequency of
0.002 ps for the 1 ns. The system was heated up from 100.0 to 310.0 K for 0.002 ps.
Afterwards, the simulation was implemented with NPT ensemble at this temperature and
pressure of 1 atm using the PMEMD module in AMBER14. Each system was simulated until
the simulation time reached 100 ns and the snapshots were collected 10 in every 1 ns

along the simulation.

2.7 Binding free energy prediction

The binding free energy of the complex was calculated by using both MM/PBSA
and MM/GBSA approaches over the 100 trajectories taken from the last 30 ns by
MM/PBSA.py program in AMBER14. Moreover, the energy composition was calculated to
support the binding affinity by using MM/PBSA approach and also the ligand/protein

interactions in term of hydrogen bonding was measured.



Chapter 3

Result and Discussion

3.1 Homology modeling of human sweet taste receptor

By SWISS-MODEL (Figures 3.1-3.2), hT1R2 and hT1R3 have sequence identity (and
similarity) with its template, mGluR1, of 24% (41%) and 22% (40%), respectively. The
superimposition between mGluR1 template and the modeled structure of human sweet
taste receptor using Discovery Studio 3.0 was shown in Figure 3.3, where the structure of

human sweet taste receptor alone was given in Figure 3.4.

Figure 3.1 Sequence alignment between mGluR1 and hT1R2 (Dark green is same residues

and light green is same structure residues).



17

Figure 3.2 Sequence alignment between mGluR1 and hT1R3 (Dark green is same residues

and light green is same structure residues).

Figure 3.3 Superimposition between mGluR1 template (pink) and human sweet taste

receptor (green).



18

Figure 3.4 Homology model of human sweet taste receptor.

3.2 Molecular docking simulation

The geometries of xylitol and sorbitol were optimized by the HF/6-31G level of
theory. CDOCKER program was used for the docking studies. Xylitol and sorbitol were
docked into the binding pockets of hT1R2 and hT1R3. The configurations with lowest
binding energy for xylitol at hT1R2 and hT1R3 are -34.59 kcal/mol and -26.41 kcal/mol.
The configurations with lowest binding energy for sorbitol at hT1R2 and hT1R3 are -40.44
kcal/mol and -29.48 kcal/mol (Table 3.1). So, its show that hT1R2 of xylitol and sorbitol

were selected for molecular dynamics simulation of the complexes (Figure 3.5).
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Table 3.1 The lowest binding energy (kcal/mol) of xylitol and sorbitol at hT1R2 and

hT1R3.
hT1R2 hT1R3
xylitol -34.59 -26.41
sorbitol -40.44 -29.48

Figure 3.5 hT1R2 and hT1R3 of xylitol were selected for molecular dynamics

simulation of the complexes.

3.3 Molecular dynamics simulation

A 100-ns MD simulation of xylitol and sorbitol binding to hT1R2 and hT1R3, has

been performed at 310.0 K. The root-mean square displacement (RMSD) of each system

was calculated to estimate the system stability along the simulation time compared to

the minimized structure as plotted in Figure 3.6.
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Figure 3.6 Root-mean square displacement (RMSD) of A) xylitol and B) sorbitol in complex

with hT1R2-hT1R3.

The RMSD values of complex and each protein rapidly increased then fluctuated
around 4-6 A along the simulation. Until 15 ns and 40 ns for xylitol and sorbitol, the RMSD
values of complex and the two proteins fluctuated from 4 to 6 A. Xylitol and sorbitol
showed RMSD values fluctuated around 1.5 A and 2.0 A along the simulation. The two MD
systems likely tended to be stable in range of 70-100 ns. Hence, the MD trajectories from
this range were taken for further analysis in terms of hydrogen bonding interaction, the

decomposition energy and the binding free energy.
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3.4 Key residues for ligand binding interaction

Based on MM/PBSA method, the per-residue decomposition energy (AG-5") and
its energetic components  (electrostatic  (AE +AG,,) and van der Waals

(AE g +AG ) terms) have been estimated and compared between xylitol and

non-pola
sorbitol binding at the hT1R2 and hT1R3 pocket. The key binding residues for xylitol and
sorbitol are shown in Figures 3.7 and 3.8. The positive and negative values of per-residue
decomposition free energy specify the licand destabilization and stabilization,
respectively, so the result can specify the key residue of hT1R2-hT1R3 for ligand binding

interaction.

3 A) Xylitol_hT1R2 1 B) Xylitol_hT1R3

2

11 5165 1 B

0 A UAW .\ Iy

-1 4 1167 Yl15 /4 -1 1 'M( V §276 v

A302

2 D145 N143 E302 » i M171 ‘}5301
$303 Q193 §21s

3 i
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T T T
1 D) Sorbitol_hT1R3

§214
|

> 5276 A302
M171 D190
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Figure 3.7 Per-residue decomposition free energy (AGI9") of hT1R2 (red) and hT1R3

(blue) for xylitol and sorbitol.
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As shown in Figure 3.7, xylitol and sorbitol have strong binding with the hT1R2
residue, R383 (-7.0 kcal/mol) and E302 (-6.5 kcal/mol), respectively. In Figure 3.7 A-B, the
hT1R2 amino acids (D142, N143, S165, 1167, Y215, E302, S303 and R383) and the hT1R3
amino acids (M171, D190, Q193, Y218, S276, E301 and A302) are the key residues that
stabilize the binding by providing the energy contribution over -0.5 kcal/mol. Similarly in
Figure 3.7 C-D, the hT1R2 amino acids (Y103, S165, A166, 1167, Y215, P277 and E302) and
the hT1R3 amino acids (M171, D190, S276, and A302) are the key residues that stabilize
the binding by contributing over -0.5 kcal/mol. The results likely indicate that both

sweeteners have good binding in the hT1R2 pocket.

I side chain I Backbone I Residue —B-E o *Cpglar - Evaw*Cnonpolar

12
1 A xyiitol

2
(=

ALl ]
n“!! | I

o &b A NV o N~
PR S T O O T S

12—

104 B sorbitol

Energy Contribution (kcal/mol)
{lowyje2y) uonnquuo Abreug

Figure 3.8 (Left) Averaged energy contributions over the MD simulations from the residue
backbone and side chain for the two studied complexes of the hT1R2-hT1R3

with A) xylitol, and B) sorbitol. (Right) Averaged electrostatic (AE*, o +AG* )

and vdW (AEX , +AG* &) €nergy contributions from each residue. Note

non-po

the standard deviation among the MD simulations is shown as an error bar.
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Among the 12 hT1R2 residues and the 8 hT1R3 residues plotted in Figure 3.8 (left),
most residues likely stabilized the ligand through their side chain such as residues Y103,
S144, 1167, M171, D190, Q193, S214, Y215, Y218, P277, and E302. From Figure 3.8 (right), it
can be seen that electrostatic interaction plays an important roles in hT1R2-hT1R3 binding
with xylitol and sorbitol energy contribution up to -8 kcal/mol, while the van der Waals
(vdW) interaction causes energy contribution up to -3 kcal/mol. Most residues likely
stabilized the ligand through the side chain. Comparison between xylitol and sorbitol,
hT1R2 D142 can only stabilize xylitol mainly via electrostatic interaction. The residue E302
in hT1R2 and the residue D190 in hT1R3 have similar contribution in term of the
electrostatic interaction towards the ligand binding. Taken altogether, the electrostatic

interaction plays an important role in hT1R2-hT1R3 binding with xylitol and sorbitol.

3.5 Hydrogen bonding interaction

Intermolecular hydrogen bonding interaction is essential for stabilizing ligand
binding. In this work, hydrogen bonding was defined as the distance between donor and
acceptor atoms below 3.5 A and the angle between donor, hydrogen and acceptor atoms
over 120 degree. From Figure 3.8, in comparison between two ligands, hydrogen bond
formation with hT1R2-hT1R3 was higher detected with xylitol. More hydrogen bonding
interactions of both sweeteners were found in hT1R2 in a good agreement with the
decomposition energy results in Figure 3.7. Xylitol and sorbitol were formed strong
hydrogen bonding with the hT1R2 E302 and the hT1R3 D190. Furthermore, the residues
S165 and Y215 in hT1R2 as well as the residues D190 and D193 were also able to interact

with the -OH group of xylitol and sorbitol as illustrated in Figure 3.9.
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Figure 3.9 Percentage of hydrogen bonding occupation of the hT1R2-hT1R3 residues

contributed to A) xylitol and B) sorbitol over the last 30-ns MD simulations.

3.6 Binding affinity prediction

To investigate the binding affinity of the focused sweetener at the two binding
sites of hT1R2-hT1R3 in this study, the MM/PBSA and MM/GBSA methods were employed.
The results are given in Table 3.1 together with its energetic components, the gas phase
energy (AEyy) as a summation of AE, gy and AE.. energies, and the solvation free energy
(AGy). The AE, . contribution is stronger than AE, 4y in both simulations. By including the
solvation free energy, the vdW term (AGnonpotarsol + AEygw) Was favorable to the total
binding free energies of the two complexes, which was opposed by the unfavorable
electrostatic term (AGeesot + AFqe). From both methods, it can be clearly seen that
averaged binding affinity of hT1R2 with xylitol was significantly better than hT1R3 as same
as sorbitol indicating the preferable binding of such sweeteners in hT1R2 rather than
hT1R3. Moreover, the xylitol binding with hT1R2 was stronger than that of sorbitol as

supported by the results mentioned earlier.
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Table 3.2 The averaged binding free energy and its components (kcal/mol) of the hT1R2

and hT1R3 binding to xylitol and sorbitol.

XylitoVhT1R2 | Xylito/hT1R3 | Sorbitol/hT1R2 | Sorbitol/hT1R3
PBSA
Ao -97.24+8.72 -37.35+4.40 -60.61+8.32 -41.22+12.96
AE gy -11.53+3.35 -15.17+2.26 -20.00+£1.91 -16.33+2.42
AEym -108.77+7.36 -52.52+4.42 -80.61+7.92 -57.55+12.50
AGponpotarsol -3.05+0.07 -2.72+0.14 -3.55+0.07 -3.52+0.11
AGeie sol 88.65+5.57 45.54+4.71 78.43+7.37 60.64+6.14
AGy 85.60+5.59 42.83+4.62 74.88+7.38 57.13+6.20
AGelesol + AEgie -8.59+10.35 -8.19+6.44 17.82+11.11 19.42+14.34
AGronpolarsol + AEyqy | -14.58+3.35 -17.89+2.26 -23.55+1.91 -19.85+2.42
AGigial -23.18+4.11 -9.70+2.92 -5.73+3.80 -0.42+7.44
-TAS 4.47+2.64 5.20+1.77 4.49+1.40 3.79+1.34
AGpind(Mm/pesA) -27.65+4.88 -14.90+3.41 -10.22+4.05 -4.21+7.56
GBSA
AFge -97.24+8.72 -37.35+4.40 -60.61+8.32 -41.22+12.96
AF gy -11.53+3.35 -15.17+2.26 -20.00+£1.91 -16.33+2.42
AEym -108.77+7.36 -52.52+4.41 -80.61+£7.92 -57.55+£12.50
AGronpolarsol -3.76+0.08 -2.78+0.09 -4.22+0.15 -3.37+0.22
AGeiesol 91.92+6.53 50.35+3.09 73.13+6.45 58.86+12.32
AGgy 88.16+6.49 47.56+3.06 68.91+6.38 55.49+12.25
AGeesol + AEgie -5.32+10.94 13.00+£5.38 12.52+10.53 17.64+17.88
AGronpolarsol + AEyqy | -15.29%3.35 -17.95+2.26 -24.22+1.91 -19.70+2.42
AGigial -20.61+3.46 -4.96+2.78 -11.70+3.03 -2.06+2.44
-TAS 4.47+2.64 5.20+1.77 4.49+1.40 3.79+1.34
AGpind(MM/GBSA) -27.65+4.88 -14.90+3.41 -10.22+4.05 -4.21+7.56




Chapter 4

Conclusion

The hT1R2-hT1R3 systems with sweeteners bound have reached equilibrium at 70
ns and thus the trajectories taken from the last 30 ns were used for analysis.
Intermolecular interaction, per-residue decomposition energy data and the total MM/PBSA
and MM/GBSA binding free energies evidently showed that xylitol and sorbitol have a

good binding affinity towards hT1R2 more than hT1R3.

Suggestion and Future Works

The most problem tissue in this project is the timing on high-performance
computer that is always got damage to affect the system and its falls down. It causes a
delay to finish work and need too much time for download and backup all data. So, the

newly high performance computer is required to work safe with every research.
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