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lAntldlabetchActlwty Test on Momordica Charantia In Silico - [LI1]: Study of
”””””””””””””””””””””” F Charantia as Natural Antidiabetic or Antidiabetic Activity Test on
Momordica Charantia In Silico
?
ABSTRACT
Background: Diabetes Mellitus is a Ino icable| | disease characterized by hyperglycemia. Diabetes _ - { C [LI2]: N J

mellitus occurs when the body c:mnol recelve or use msulm properly. If you already have diabetes, then the

patient must take medi ly because diab mellitus is a llfclong dlsease Because medicines are
quite expenswe alternative ways to cure the disease are needed by 1 medici one of
which is bitter melon (Momordlca charantia). Objectives: This study is almed to find out the pound
boli i and tknowmg what compounds found | in. lylgc[ melon pjagt; yhlgh have the  _ - { Commented [LI3]: Reveal potential compounds ]
potential to lower blood sugar. Material and Methods: 12 ds from the E)lgqqud_ L { 7 [LI4): ttalic ]
6 proteins (1IR3, IRHF, 1XU7, 4PNZ, 4YVP, 2NT7) that will be docked usmg [Pymol Pyrx, Blovm Discovery =
Studio and YASARA applications, [Results: Erom-th £ the_doeki iout- three -~ { Commented [LIS]: Refer to the specific docking tools only |
compounds have the highest binding affinity values, namely i i s s
momordicin 1. Next, the YASARA test was carried out. In this test, it was found that RMSD<ZA RMSD<2A ‘{ m"::;'wuﬁf‘]’%:m explain the molecular dynamic ]
can indicate that the rcsealch conducted i vahd and the method used is correct. Concl -
T plant has p ial activity 13,5 antidiabetic, = -{ :::mm r[el;lu7nj!: Docking protocol should be explained ]
Keywords: In Silico, M dica cl i lucular docking, molecular dynamic 2 ‘\'{ Commented [LI8]: talic J
~. | commented [LI9]: s antidiabetic based on in siicostudy |
ABSTRAK { commented [L110]: 1talic )

Latar Belakang: Diabetes Mellitus merupakan penyakit tidak menular yang ditandai dengan terjadinya
hiperglikemia. Diabetes mellitus terjadi ketika tubuh tidak dapat menerima atau menggunakan insulin dengan
baik. Jika sudah mengidap diabetes, maka penderita harus minum obat terus menerus karena diabetes melitus
merupakan penyakit seumur hidup. Karena obat-obatan cukup mahal, maka dlperlu.kan cara altemnatif untuk
menyembuhkan penyakn tersebut dengan } bat-obat; 1 salah satunya pare
(M h ). Tujuan P bertujuan untuk hui senyawa boli ksi molekuler
dan mengetahui senyawa apa saja yang terdapa\ pada tanaman pare yang berpotensi menurunkan gula darah.
Bahan dan Metode: 12 seny dari \ dica charantia planta nd 6 protein (1IR3, IRHF, 1XU7, 4PNZ,
4YVP, 2NT7) yang akan di-docking menggunakan aplikasi Pymol, Pyrx, Biovia Discovery Studio dan
YASARA. Hasil: Dari hasil docking yang telah dilakukan, terdapat tiga senyawa yang memlllkl nilai afinitas
ikatan tertinggi yaitu momordenol, senyawa asam ol lat, dan 1% ya dilakukan u_||
YASARA. Pada pengujian ini didapatkan bahwa RMSD<2A. RMSD<2A dapat jukkan bahwa peneli
yang dilakukan adalah valid dan metode yang digunakan sudah benar. K Tanaman Mo dica
charantia memiliki potensi aktivitas sebagai antidiabetik.

Kata kunci: In Silico, Momordica charantia, molekuler dinamik, molukuler docking

INTRODUCTION

Diabetes mellitus (DM) is a non-communicable disease that arises due to metabolic disorders
in the body that cause the body's inability to use blood glucose which causes glucose to accumulate in
the blood. Diabetes mellitus is characterized by hyperglycemia and disorders of carbohydrate, protein
and fat metabolism associated with insulin secretion abnormalities or lack of insulin secretory action.
The signs experienced by people with diabetes mellitus are frequent thirst, frequent urge to urinate,
polyphagia, drastic weight loss, and tingling. Diabetes mellitus is divided into 4, namely: type 1, type
2 diabetes mellitus, diabetes mellitus due to other causes, and gestational diabetes (Association, 2018).

In the treatment of diabetes usually many people use antidiabetic drugs. In addition to
relatively long treatment and the price is quite expensive, diabetes drugs usually cause unwanted side
effects. Therefore, the use of traditional medicine is the best solution for the treatment of diabetes
mellitus. Traditional medicine is a non-drug therapy that is proven to be safer and does not cause many

1



Dr. apt. Rollando, S.Farm., M.Sc.
Pengajuan ke Lektor Kepala

MATERIAL AND METHODS
Materials

| 1 d at b e

The design used for this re:earch is the exper method Has

Commented [LI12]: What protein? PDB ID?

Commented [LI13]: Chemical compound source?

C [LI14]: Th i

Commented [LI15]: This is OS, not software

Commented [LI16]: Pubchem database

Commented [LI17]: Source Web?

Commented [LI18]: Source Web?

Methods

Commented [LI19]: Source web?

C [LX20]: Source Web?

S G W, S W S, S, W, -

Search For Bitter Melon Plant Activity

Commented [LI21]: Italic

Commented [LI22]: were

downloaded on the website https.//pubchem.ncbl‘nlm.mh.gov/. On thns website, download the &‘{

Commented [LI23]: Full web adress?

compound along with the SMILES (Simplified Molecular Input Life Entry System) copy of the

A A

compound for further testing. The downloaded compound structure must be in 3D with Isdf}_fggnjlg If _- { Commented [LI24]: .sdf
the 3D [Sdff structure cannot be found on the website, it can be downloaded in the form of 2D LSdﬁ_ -[ Commented [LI25]: sdf
which must be downloaded first and converted to 3D Bdﬁ_usmg_ the Open Babel application. ! { Commented [LI26]: sdf

v « [LI27]: sdf
Activity Test and Characteristic Test of Bitter Melon
The copied SMILES are then ftested ffor PASS on the https:/way2drug.com/ website. After that, the _ - { Commented [LI28]: evaluated

activity display of the compound will appear. Then select a compound that has Pa>0.7. The next step
is to perform the ADMET test. The ADMET test is carried out by entering SMILES on the pkCSM
websiteat https://www.biosig.unimelb.edu.au. The pkCSM website is needed to identify compounds
that act as drugs.
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Diabetic Protein Search for Molecular Docking

In the docking molecule, the protein is downloaded via the PDB database prosram—on—thewebsite
(https://www.rcsb.org). In choosing protein in PDB, try to meet the requirements, namely for the
resolution limit of 1-3. In this case the smaller it is, the better it will be and missing residue is avoided
(dotted line contained in the pmtein)l in addition, in the selection of the protein must first be checked - ‘[ Commented [LI29]: Please include citations in this srammem]

by the Ramachandran plot in the protein.To view the Ramachandran plot, please visit the website
www.ebi.ac.uk. In the website Ramachandran was chosen more than 90% because the protein has

completed amino acids. After download the protein is searched for native ligands using an application - Commented [LI30]: Please include citations in this
PyMOL. v statement, as far as | know, the ramachandran plot explain how
the correct position of amino acids on the crystal structure.
K Another question, what score is used in ramachandran
4 evaluation?
Protein Preparation and Visualization :
c [LI31]: Se the )

The protein preparation required the application of PyMOL. this app to remove water molecules.
|Water molecules must be removed beforehand so as not to interfere during the docking process and to

ensure that what is done for docking is really the original compound and receptor. _-- Commented [LI32]: Please include citations in this
statement, only for water molecules? How about the others
solvent residue?

Docking Process

|Docking process using the Pyrx application. The first step in molecular docking is to enter the
prepared protein then right click select autodock and select make to macromolecule. To enter native
ligands and compounds to be used, this can be done by clicking open babel contained in the
application and then entering the desired compound, right click select minimize all energy then right
click again select convert all to autodock ligand pdbqt. then enter the vina wizard and start here then
enter the protein and the desired ligand and select forward. The results of Pyrx with the output of
pdbqt can be seen from the interaction via the following table which has appeared after docking. Then

select the smallest AG value for each available interacli{m,l _ - Commented [LI33]: 1. This pracedure should be made more
concise

2. Please provide grid box volume and coordinates that have been
used in this research

|Visualization of The Bond Between Protein and Ligand

Open the Discovery Studio 2021 application, then open the docking file in the complex folder then
select receptor-ligand interaction then ligand interaction and then display a 2D diagram. Then the
interaction between the ligand and protein will appear. After the ligand and receptor binding results
are obtained, the next step is to enter the YASARA application. YASARA program is used to see
RMSD (Root Mean Square Deviation). RMSD is a parameter commonly used to evaluate the
similarity of two structures based on differences in similar atomic distances. The way to measure
RMSD with YASARA is to open the original ligand file then overlay it with the best conformation file
of tethering. Then by running the "Analyze > RMSD of" function on YASARA, the RMSD value of
protein binding with the original ligand can be obtained. Proteins with an RMSD value of more than
2.00A are considered invalid and cannot be used for tethering with other ligands, because the bond
distance will not be optimal. , a protein with an RMSD of less than 2.00A which will be used as a test

protein to perform a molecular docking test - Commented [LI34]: Please explain only the point of the
research, and the purpose
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RESULTS AND DISCUSSION
Bitter Melon Plant Compounds
After a search, several compounds of bitter melon were found. In this research, 12 compounds were

used. The 12 compounds can be seen in table 1.

Table 1. Compounds of Bitter Melon

No Compound Group Source
L 9t,11t,13t conjugated Tyrterpenoid (Hsuetal., 2011)
linoleic acid
2 Arginine [Fenolik (Y. Ulung Anggraito, R. Susanti, 2018) L [LI35]: Please in english
3 Benzoic acid Flavonoid (Jia et al., 2017)
4. Conjugated linoleic acid ~ Trvterpenoid ~ (Hsuetal., 2011)
5. Linoleic acid Tryterpenoid ~ (Hsuetal., 2011)
6. Momordenol Tryterpenoid ~ (Torre et al., 2020)
7 Momordicin I Tryterpenoid  (Torre et al., 2020)
8. Niacin Vitamin (Rizeki et al., 2012)
9. Oleanolic acid Flavonoid (Jiaetal., 2017)
10. Pectin \Polisakaridaﬂ (Nur Wana, 2013) rara . . g { C [LI36]: Please in english
PI1. Phenylalanine Fenolik (Y. Ulung Anggraito, R. Susanti, 2018)
12. Phenol Fenolik (Torre et al., 2020)

After obtaining the compound that will be used, the SMILES search for the compound is then carried

out. SMILES of 12 compounds can be seen in table 2.

Table 2. SMILES of Bitter Melon

No Compound SMILES
1. 9t,111,13t conjugated OC(CCCCCCC/C=C/C=C/C=C/CCCC)=0
linoleic acid

2. Arginine OC([C@H](CCCN=C(N)N)N)=0

3. Benzoic acid OC(C1=CC=CC=C1)=0

4. Conjugated linoleic acid OC(CCCCCCC/C=C/C=C/C=C/CCCC)=0

5. Linoleic acid OC(CCCCCCC/C=C\C/C=C\CCCCC)=0

6. Momordenol O=C1[C@H]([C@H](C)CC[C@H](CC)C(C)O)[C@@]2(C)C(
[C@@H]3[C@@H](CC2)[C@@](CC[C@H]40)(C)C(C4)=C
C3)=Cl1

7. Momordicin I O[C@@H] [C@H]([C@@]([C@H](CC[C@@H]20)C(C2(C

)O)=C1)(C=0)CCI)[C@@4(C)[C@@]3(O)[C@@H]([C@H]
(O)C[C@@H](C=C(C)C)0)CC4
8. Niacin OC(C1=CN=CC=C1)=0
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Computational Study of Momordica Charantia as Natural Antidiabetic
ABSTRACT

Background: Diabetes Mellitus is a non-contagious disease characterized by hyperglycemia. Diabetes mellitus
occurs when the body cannot receive or use insulin properly. If you already have diabetes, then the patient must
take medication continuously because diabetes mellitus is a lifelong disease. Because medicines are quite
expensive, alternative ways to cure the disease are needed by consuming traditional medicines, one of which is
bitter melon (Momordica charantia). Objectives: This study is aimed to find out the compound metabolites,
molecular interactions and reveal potential compoundsin bitter melon plants which have the potential to lower
blood sugar. Material and Methods: 12 compounds from the Momordica charantia planta nd 6 proteins (1IR3,
IRHF, 1XU7, 4PNZ. 4YVP, 2NT7) that will be docked using Pyrx and YASARA applications. Results: Three
compounds have the highest binding affinity values, namely momordenol, oleanolic acid, and momordicin. The
results of the molecular dynamics test showed that the three compounds were stable in interacting with the
proteins 1IR3, IRHF, 4PNZ, 4YVP, 1XU7, and 2NT7. ADMET test showed that momordenol, oleanolic acid,
and momordicin had drug-like characteristics. The docking protocol was carried out with ligand and protein
preparation, then continued with internal validation with native ligands. it was found that RMSD<2A.
RMSD<2A can indicate that the research conducted is valid and the method used is correct. Conclusions:
Momordica charantia plant has potential activity as antidiabetic based on in silico study.

Keywords: In Silico, Momordica charantia, molucular docking, molecular dynamic
ABSTRAK

Latar Belakang: Diabetes Mellitus merupakan penyakit tidak menular yang ditandai dengan terjadinya
hiperglikemia. Diabetes mellitus terjadi ketika tubuh tidak dapat menerima atau menggunakan insulin dengan
baik. Jika sudah mengidap diabetes, maka penderita harus minum obat terus menerus karena diabetes melitus
merupakan penyakit seumur hidup. Karena obat-obatan cukup mahal, maka diperlukan cara alternatif untuk
menyembuhkan penyakit tersebut dengan mengkonsumsi obat-obatan tradisional, salah satunya pare
(Momordica charantia). Tujuan Penelitian: bertujuan untuk mengetahui senyawa metabolit, interaksi molekuler
dan mengetahui senyawa apa saja yang terdapat pada tanaman pare yang berpotensi menurunkan gula darah.
Bahan dan Metode: 12 senyawa dari Momordica charantia planta nd 6 protein (1IR3, IRHF, 1XU7, 4PNZ,
4YVP, 2NT7) yang akan di-docking menggunakan aplikasi Pyrx dan YASARA. Hasil: Dari hasil docking yang
telah dilakukan, terdapat tiga senyawa yang memiliki nilai afinitas ikatan tertinggi yaitu momordenol, senyawa
asam oleanolat, dan momordisin. Hasil uji dinamika molekuler menunjukkan ketiga senyawa tersebut stabil
berinteraksi dengan protein 1IR3, IRHF, 4PNZ, 4YVP, 1XU7, dan 2NT7. Uji ADMET menunjukkan bahwa
senyawa momordenol, oleanolic acid, dan momordisin memiliki karakter mirip obat. Protokol docking dilakukan
dengan preparasi ligan dan protein, kemudian dilanjutkan dengan validasi internal dengan ligand asli. Pada
pengujian ini didapatkan bahwa RMSD<2A. RMSD<2A dapat menunjukkan bahwa penelitian yang dilakukan
adalah valid dan metode yang digunakan sudah benar. Kesimpulan: Tanaman Momordica charantia memiliki
potensi aktivitas sebagai antidiabetik.

Kata kunci: In Silico, Momordica charantia, molekuler dinamik, molukuler docking

INTRODUCTION

Diabetes mellitus (DM) is a non-communicable disease that arises due to metabolic disorders
in the body that cause the body's inability to use blood glucose which causes glucose to accumulate in
the blood. Diabetes mellitus is characterized by hyperglycemia and disorders of carbohydrate, protein
and fat metabolism associated with insulin secretion abnormalities or lack of insulin secretory action.
The signs experienced by people with diabetes mellitus are frequent thirst, frequent urge to urinate,
polyphagia, drastic weight loss, and tingling. Diabetes mellitus is divided into 4, namely: type 1, type
2 diabetes mellitus, diabetes mellitus due to other causes, and gestational diabetes (Association, 2018).
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MATERIAL AND METHODS
Materials

The design used for this research is the experimental method. The material used is protein from
antidiabetic (1IR3, 1RHF, 4PNZ, 4YVP, 1XU7, and 2NT7) along with compounds found in bitter
melon plants (Momordica charantia) (http://www.knapsackfamily.com). The hardware is a laptop
with ram specifications 4 gigabyte, processor intel (r) celeron CPU N3350 1.10ghz (2 cpus). The OS
used is windows 10 (64 bit), Pubchem database, Open Babel, String, Pyrx, PyMOL, Discovery Studio
2021, PDB (https://www.rcsb.org/), PDBsum program (https://www.ebi.ac.uk) and PASS Online
(https://www.passonline.org), and YASARA.

Methods
Search For Bitter Melon Plant Activity

A search for bitter melon (Momordica charantia) compounds were conducted on the KNApSAcK
family website. After getting the bitter melon compound, then the compound is downloaded on the
website https://pubchem.ncbi.nlm.nih.gov/. On this website, download the compound along with the
SMILES (Simplified Molecular Input Life Entry System) copy of the compound for further testing.
The downloaded compound structure must be in 3D with .sdf format. If the 3D Sdf structure cannot be
found on the website, it can be downloaded in the form of 2D sdf which must be downloaded first and
converted to 3D sdf using the Open Babel application.

Activity Test and Characteristic Test of Bitter Melon

The copied SMILES are then evaluated for PASS on the https://way2drug.com/ website. After that,
the activity display of the compound will appear. Then select a compound that has Pa>0.7. The next
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Diabetic Protein Search for Molecular Docking

In the docking molecule, the protein is downloaded via the PDB database. In choosing protein in PDB,
try to meet the requirements, namely for the resolution limit of 1-3. In this case the smaller it is, the
better it will be and missing residue is avoided (dotted line contained in the protein) (Krihariyani,
2019), in the selection of the protein must first be checked by the Ramachandran plot in the protein.To
view the Ramachandran plot, please visit the website www.ebi.ac.uk. In the website Ramachandran
was chosen more than 90% because the protein has completed amino acids (Karyawati, 2020). After
download the protein is separated the native ligands using an application PyMOL.

Protein Preparation and Visualization

The protein preparation required the application of PyMOL. this app to remove water molecules.
Water molecules and solvent residue must be removed beforehand so as not to interfere during the
docking process and to ensure that what is done for docking is really the original compound and
receptor (Karyawati, 2020).

Docking Process

Docking process using the Pyrx application. The first step in molecular docking is to enter the
prepared protein then right-click select autodock and select make to the macromolecule. To enter
native ligands and compounds to be used, this can be done by clicking open babel contained in the
application and then entering the desired compound, right click select minimize all energy than right
click again select convert all to autodock ligand pdbqt. then enter the vina wizard and start here then
enter the protein and the desired ligand and select forward. The results of Pyrx with the output of
pdbqt can be seen from the interaction via the following table which appeared after docking. Then
select the smallest DG value for each available interaction

Visualization of The Bond Between Protein and Ligand

Open the Discovery Studio 2021 application, then open the docking file in the complex folder then
select receptor-ligand interaction then ligand interaction and then display a 2D diagram. Then the
interaction between the ligand and protein will appear. After the ligand and receptor binding results
are obtained, the next step is to enter the YASARA application. YASARA program is used to see
RMSD (Root Mean Square Deviation). RMSD is a parameter commonly used to evaluate the
similarity of two structures based on differences in similar atomic distances. The way to measure
RMSD with YASARA is to open the original ligand file then overlay it with the best conformation file
of tethering. Then by running the "Analyze > RMSD of" function on YASARA, the RMSD value of
protein binding with the original ligand can be obtained. Proteins with an RMSD value of more than
2.00A are considered invalid and cannot be used for tethering with other ligands, because the bond
distance will not be optimal. a protein with an RMSD of less than 2.00A which will be used as a test
protein to perform a molecular docking test.
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RESULTS AND DISCUSSION
Bitter Melon Plant Compounds
After a search, several compounds of bitter melon were found. In this research, 12 compounds were

used. The 12 compounds can be seen in table 1.

Table 1. Compounds of Bitter Melon

No Compound Group Source
9t,11t,13t conjugated Tyrterpenoid  (Hsuetal., 2011)
linoleic acid

—

2, Arginine Phenolic (Y. Ulung Anggraito, R. Susanti, 2018)
3. Benzoic acid Flavonoid (Jia et al., 2017)

4. Conjugated linoleic acid ~ Tryterpenoid  (Hsu et al., 2011)

5. Linoleic acid Tryterpenoid ~ (Hsuetal., 2011)

6. Momordenol Tryterpenoid  (Torre et al., 2020)

7. Momordicin 1 Tryterpenoid  (Torre et al., 2020)

8. Niacin Vitamin (Rizeki et al., 2012)

9, Oleanolic acid Flavonoid (Jia et al., 2017)

10. Pectin Polysaccharide (Nur Wana, 2013)

P11. Phenylalanine Phenolic (Y. Ulung Anggraito, R. Susanti, 2018)
12. Phenol Phenolic (Torre et al., 2020)

After obtaining the compound that will be used, the SMILES search for the compound is then carried

out. SMILES of 12 compounds can be seen in table 2.

Table 2. SMILES of Bitter Melon

No Compound SMILES
L. 9t,11t,13t conjugated OC(CCCCCCC/C=C/C=C/C=C/CCCC)=0
linoleic acid

2. Arginine OC([C@H](CCCN=C(N)N)N)=0

3. Benzoic acid OC(C1=CC=CC=C1)=0

4. Conjugated linoleic acid ~ OC(CCCCCCC/C=C/C=C/C=C/CCCC)=0

5. Linoleic acid OC(CCCCCCC/C=C\C/C=C\CCCCC)=0

6. Momordenol O=CI[C@H]([C@H](C)CC[C@H](CC)C(C)O)[C@@]2(C)C(
[CQ@HB[CQ@H](CC)[C@@](CCIC@HKO)C)C(CA)=C
C3)=C1

7. Momordicin 1 O[C@@H][C@H]([C@@]([Ca@H](CC[C@@H]20)C(C2(C
)C)=C1)(C=0)CC3)[C@@I4(C)[C@@I3(C)[C@@HI[C@H]
(O)C[C@@H](C=C(C)C)0)CC4

8. Niacin OC(CI=CN=CC=C1)=0
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ABSTRACT

Background: Diabetes Mellitus is a non-contagious disease characterized
by hyperglycemia. Diabetes mellitus occurs when the body cannot receive
or use insulin properly. If you already have diabetes, then the patient must
take medication continuously because diabetes mellitus is a lifelong
disease. Because medicines are quite expensive, alternative ways to cure
the disease are needed by consuming traditional medicines, one of which is
bitter melon (Momordica charantia). Objectives: This research aims to
predict the secondary metabolite compounds in the bitter melon plant,
analyze molecular interactions, and identify compounds that can lower
blood sugar levels. Material and Methods: 12 compounds from the
Momordica charantia plant and six proteins (1IR3, 1RHF, 1XU7, 4PNZ,
4YVP, 2NT7) that will be docked using Pyrx and Yasara Dynamics
applications. Results: From the molecular docking results, three
compounds with the highest binding affinity were found in Momordica
charantia: momordenol, oleanolic acid, and momordicin. Based on
molecular dynamics simulations, these three compounds were stable in their
interactions with the six proteins tested, namely 1IR3, IRHF, 4PNZ, 4Y VP,
1XU7, and 2NT7. Momordenol and momordicin showed the most stable
interaction profiles. Furthermore, ADMET tests showed that momordenol,
oleanolic acid, and momordisin have drug-like characteristics.
Conclusions: The Momordica charantia plant has the potential to act as an
antidiabetic agent.
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