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LAMPIRAN 1
SAMBILOTO (Andrographis paniculata Ness.)

Gambar 1.1 Sambiloto (Andrographis paniculata Ness.)
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LAMPIRAN 2

ALUR PENELITIAN PENAMBATAN MOLEKUL

Penyiapan struktur reseptor

Penyiapan struktur ligan

Pengunduhan reseptor dari situs Protein
Data Bank

Pengunduhan ligan dari situs
Pubchem
(http://pubchem.ncbi.nlm.nih.qov/)

Output : 1S6T.pdb

Output : ligan.pdb

Pemisahan reseptor dari molekul air dan
ligan dengan Discovery Studio
Visualizer

Output : reseptor.pdb

Minimasi energi ligan menggunakan
Chem3D 12.0 yang sebelumnya ligan
digambar ulang menggunakan
ChemDraw Ultra 12 0

Optimasi dengan menambahkan atom
hidrogen dan mengatur grid box
menggunakan Autodock Tools

Output : ligan.pdbqt

Optimasi menggunakan Autodock
Tools

Output : ligan.pdbqt

Penambatan molekul menggunakan Autodock Tools

Analisis dan visualisasi penambatan molekul

Output : Nilai RMSD validasi, AGuind,
cluster, interaksi ikatan dan nilai Kl

Tabel 1V.1 Alur Penelitian Penambatan Molekul



http://pubchem.ncbi.nlm.nih.gov/

LAMPIRAN 3

STRUKTUR 3D MAKROMOLEKUL

Gambar 1V.2 Reseptor Lactate Dehydrogenase dengan PDB ID 1CET
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LAMPIRAN 4

STRUKTUR 2D LIGAN ALAMI

Cl N

Gambar 1V.3 Struktur 2D Ligan Alami
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LAMPIRAN 5

STRUKTUR 2D LIGAN UJI

43

No. Nama Ligan Uji Struktur 2D
1. Andrographolide ,
)
A&
I
Y .\:,/'\:‘f'/o
2. Neoandrographolide
b
3. 14-Deoxyandrographolide
LA f
H
4. Andrograpanin
0 f\




44

LAMPIRAN 5
LANJUTAN
No. | Nama Ligan Uji Struktur 2D
5. Isoandrographolide
b
6. 5-Hydroxy-7,8,2°5’-
Tetramethoxyflavone S
b
7. | 5-Hydroxy-7,8-Dimethoxyflavone
e
8. 5-Hydroxy-7,8-

Dimethoxyflavanone




LAMPIRAN 5

LANJUTAN
No. | Nama Ligan Uji Struktur 2D
9. 14-Deoxy-11,12-Didehydro-
Andrographolide o
I
10. 19-O-Acetyl-14-Deoxy-11,12-
Didehydroandrographolide o !
H
11. 14-Acetylandrographolide

Gambar V.4 Struktur 2D Ligan Uji




LAMPIRAN 6

VALIDASI METODE

46

Gambar V.1 Visualisasi tumpang tindih ligan alami dengan ligan hasil redocking

Tabel V.2 Hasil validasi metode dengan redocking ligan alaminya didapatkan

nilai RMSD <2 A yaitu1.688 A menunjukkan validitas metode dan reseptor yang

sudah valid
Validasi
. Tingkat Ikatan Energi
Kode PDB Grid Box T RMSD RMSD (kkal/mol)
CLUSTER (A) | Refernce (A)
X:36.211
1CET Y:10.539 2.500.000 0.00 1.688 -4.81
Z:19.83
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LAMPIRAN 7

SITUS PROTEIN DATA BANK

RCSB PDB  Deposit + Search v Visualize v Analyze ~ Download ~ Leam v More ~

67518 Biological =
. Enter search term(s)
Macromolecular Structures . enmn(s,

v
= B Enabling Breakthroughs in
P—R OTEIN DATA BANK Research and Education Advanced Search | Browse Annotations

- Woridvida
!r,\nmluwm- .[ﬂ | maacics Proei v Bk
i optior | S

A Structural View of Biology ugust Molecule of the Month

This resource is powered by the Protein Data Bank archive-information about the
3D shapes of proteins, nucleic acids, and complex assemblies that helps

D 5 students and researchers understand all aspects of biomedicine and agriculture,
+* Deposit from protein synthesis to health and disease

i PDB-101 [l =l Y=

As a member of the wwPDB, the RCSB PDB curates and annotates PDB data
Q Search

The RCSB PDB builds upon the data by creating tools and resources for
research and education in molecular biology, structural biology, computational

L4l Visualize biology, and beyond.

Analyze

CORONAVIRUS

& Download

https://www.rcsb.org Learn

Gambar 1V.5 Tampilan situs Protein Data Bank (PDB) sebagai tempat
pengunduhan reseptor.
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LAMPIRAN 8

SITUS PUBCHEM

m) National Library of Medicine

National Center for Biotechnology Information

PUb©hem About Blog Submit Contact

Explore Chemistry

Quickly find chemical information from authoritative sources

Try aspirin EGFR C9H804 57-27-2 C1=CC=C(C=C1)C=0 InChl=1S/C3H60/c1-3(2)4/h1-2H3

[ Use Entrez

o

Gambar 1V.6 Tampilan utama situs PubChem sebagai tempat pengunduhan
beberapa
senyawa dalam fromat .pdb
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LAMPIRAN 9

SITUS LIPINSKI RULE OF FIVE

Lipinski Rule of Five x
i in/: ga pinskijs se81 =

€)> C

1
=
]
©®
1

Lipinski lx_ufe qf Five
Lipinski rule of 5 helps in distinguishing between drug like and non drug like molecules. It predicts high

probability of success or failure due to drug likeness for molecules complying with 2 or more of the
following rules

« Molecular mass less than 500 Dalton
« High lipophilicity (expressed as LWD less than 5)
o

n g ceeptors
« Molar refractivity should be between 40-130

These filters help in early preclinical development and could help avoid costly late-stage Dfedm!oal and
clinical failures .To draw a chemical structure Click Here and follow the instructions given.

Step 1: Input Drug File.

Input PDB file [ Browse... | No file selected.

Step 2: Input pH Value

pH Value |7 [Value ranges from 0.0 to 14.0]

Step 3: Click on ‘Submit’ to submit your job

Submit Reset

How to Use the Tool

OPTION 1:-

= Tha innu Fila shauld ha in tha fnllawinn fnrmatel® ndh ® mal ® mal3 ® vus ® odf ® cmid

Gambar V.7 Tampilan situs Lipinski rule of five untuk pengujian sifat

fisikokimia
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LAMPIRAN 10

SITUS PREADMET

MDL mol andsdfile  Molecular descriptors  Druglikeness ~ ADME Prediction  Toxicity prediction  LogIn  Register

@r A[] M ET € +8223939550~1 B9 webmaster@bmdrc kr
e {2 B138A, YONSEI ENGINEERING RESEARCH COMPLEX, YONSEI UNIVERSITY, SEOUL, REPUBLIC OF KOREA.

Home About ® Druglikeness i ADME % Toxicity Community Commercial

ADME
L JCIE N L S = R -
c ~|e ~ (/S22 ¢ © QBO -
@

Gambar 1.8 Tampilan situs PreADMET
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LAMPIRAN 11

PERANGKAT LUNAK CHEMDRAW ULTRA 15.0

[y ChemDraw Professional - [1 fl -
©) File Edit View Object Structure Text Curves Colors Search Window Help ===

TLLL o =a |
Tooks = =] E| |}

s ooy »

DFOODVIBS L/ S 7

©uro0oOprmE:

Subscripts the selection (toggle)

Gambar V.9 Tampilan utama perangkat lunak ChemDraw Ultra 15.0
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LAMPIRAN 12

PERANGKAT LUNAK CHEM3D PRO 12.0

") Chem3D - [Untitled-1].

: ces Online Window Help

IDEEIBYB| - - | SN fe- M- ewos | ALYl c 16 |B| D8 2
AlQpidecs| h-# -0 -|\m i@ |} e e =

b X  ChemDraw - Livelink 7%

¢ @ Untitled1
Q9 ~ | opy | G Chem/SMILES: i

1asamolg ainjonis

Output

B output| B Comment its

Gambar 1V.10 Tampilan utama perangkat lunak Chem3D Pro 12.0
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LAMPIRAN 13

PERANGKAT LUNAK DISCOVERY STUDIO VISUALIZER 2016

CLIENT

i File Edit View Structure Calculations Surfaces Online  Windoy
D@ B Y B o o S TR R, S "R C 1R B D] E &
RO DT BNINS A Qi - - m L0 |12 e =g =
F © Untitled-1 b X  ChemDraw - Livelink 2%
Q0 ~ | @ | G Chem/sMILES: I
a
)
g
Output 3 x
8 output| Bl Comment ts
P o s

Gambar V.11 Tampilan utama perangkat lunak Discovery studio visalizer



%4 AutoDockTools

File 3D Graphics Edit Select Display Color Compute Hydrogen Bonds Grid3D Help
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LAMPIRAN 14

PERANGKAT LUNAK AUTODOCK TOOLS

Tk S

PELY LS

|ADT4 2 Ligand Flexible Residues

N EeE

o

DashBoard | AniMal | Tools

Grid  Docking Run  Analyze
T

o

LDy

Sel.: ﬂMﬂ

R Fe 7z SLBCEvWSLa

< All Molecules NGV
Current Selection %% NV

|Mnd,: None Time:|[0.796  Selected:

Spin off — | FR:| 66.7 |

Gambar V. 12 Tampilan perangkat lunak AutoDock Tools sebagai tempat

penambatan molekul antara ligan dengan reseptor
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LAMPIRAN 15

VISUALISASI PENAMBATAN MOLEKUL LIGAN ALAMI
DENGAN RESEPTOR

ILE
A:119
GLU
A122
ALA
A:98
IEE
A:54
PHE
A:b2
TYR
A:BS
Interactions
Carbon Hydrogen Bond Alkyl
Pi-Sigma Pi-Alkyl

Gambar V.2 Visualisasi residu asam amino dengan ikatan hidrogen pada ligan
alami
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LAMPIRAN 16

VISUALISASI PENAMBATAN ANDROGRAPANIN DENGAN
RESEPTOR LACTASE DEHYDROGENASE

ASP L"“?
Ac53
H
\0.-'-""
ILE
Ac54
L5
ILE Aclls
ALA A:119 PHE
A998 Ac100
Interactions
D Conventional Hydrogen Bond D Pi-Alkyl
[ Ak

Gambar V.3 Tampilan visualisasi ikatan dan residu asam amino hasil
penambatan molekul Andrograpanin dengan Reseptor



LAMPIRAN 17

HASIL PENAMBATAN MOLEKUL
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Tabel V.3 Nilai Ikatan Energi dari Ligan Alami dan Senyawa Uji Pada Enzim

Lactate Dehydrogenase

AG Jumlah _
] N Residu Asam
No Senyawa /Ligan Uji (kkal/ Ikatan ) Kl
Amino
mol) Hidrogen
Ligan Alami
_ ) -4.81 1. GLU122 297.06
Ligan Alami
UM
Senyawa Aktif Sambiloto (Andrographis paniculata Ness.)
1 Andrographolide
-5.32 1 GLU122 245.47 uM
2 Neoandrographolide GLU122,
-4.93 2 245.41 uM
ASP53
3 14-Deoxyandrographolide
-3.85 1 GLU122 1.51 mM
4 Andrograpanin
-6.78 1 ASP53 10.66 uM
5 Isoandrographolide
-2.07 1 GLY99 30.44 mM
6 5-Hydroxy-7,8,2°5’-
-5.52 2 GLU122 90.41 puM
Tetramethoxyflavone
7 5-Hydroxy-7,8- TYRSS,
_ -5.74 1 62.52 uM
Dimethoxyflavone LYS118
8 5-Hydroxy-7,8-
) -5.77 1 LYS118 59.46 uM
Dimethoxyflavanone
9 14-Deoxy-11,12-Didehydro-
) -5.25 1 LYS118 142.03 uM
Andrographolide
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LAMPIRAN 17
(Lanjutan)
AG Jumlah _
_ N Residu Asam
No Senyawa /Ligan Uji (kkal/ Ikatan ) KI
) Amino
mol) Hidrogen
10 19-O-Acetyl-14-Deoxy-11,12- 476.84
_ ’ -4.53 1 ASP53
Didehydro-Andrographolide UM
= ) 400.07
14-Acetylandrographolide -4.46 - -
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SIFAT FISIKOKIMIA SENYAWA SAMBILOTO BERDASARKAN
LIPINSKI RULE OF FIVE

Tabel V.4 Sifat Fisikokimia Senyawa yang Terkandung Didalam Daun Sirsak
Berdasarkan Aturan 5 Lipinski

Bobot Memenuhi/Ti
Akseptor | Donor | Log
. .. molekul . : dak
No Senyawa/Ligan uji Hidrogen | Hidrogen | P .
(<500 (<10) (<5) (<5) Memenuhi
Da) Syarat
. 350.4 Memenuhi
1 Andrographolide g/mol 5 3 2.2 Syarat
2 Neoandrographolide 480.6 8 4 2.6 Memenuhi
g/mol Syarat
. 334.4 Memenuhi
3 | 14-Deoxyandrographolide g/mol 4 2 3.4 Syarat
. 318.4 Memenuhi
4 Andrograpanin g/mol 3 1 4.2 Syarat
. 350.4 Memenuhi
5 Isoandrographolide g/mol 5 3 2.2 Syarat
5 5-Hydroxy-7,8,2°5’- 358.3 7 1 33 Memenubhi
Tetramethoxyflavone g/mol ' Syarat
F 5-Hydroxy-7,8- 298.29 5 1 33 Memenuhi
Dimethoxyflavone g/mol ' Syarat
8 5-Hydroxy-7,8- 300.3 5 1 3 Memenuhi
Dimethoxyflavanone g/mol Syarat
14-Deoxy-11,12- .
9 Didehydro- 3/35;1' 4 2 3.2 Mgmaergtt’h'
Andrographolide g y
19-O-Acetyl-14-Deoxy- .
10 11,12- ST 5 1 33 | Memendhi
Didehydroandrographolide g Y
11 14-Acetylandrographolide 392.5 6 9 97 Memenuhi
g/mo Syarat
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19

HASIL UJI PREADMET (ABSORPSI DAN DISTRIBUSI)

Tabel V.5 Uji PreADME (Absorpsi dan Distribusi)

Caco-2 cell Protein Plasma
N Nam nyaw HIA (% .

0 ama Senyawa (nmeee?) (%) Binding
1 Andrographolide 19.0405 88.332869 94.701705
2 Neoandrographolide 22.4103 95.366863 100.000000
3 14-Deoxyandrographolide 20.6118 92.673309 100.000000
4 Andrograpanin 22.4103 95.366863 100.000000
5 Isoandrographolide 19.488 91.737239 79.948049
6 >-HN P - 41.0893 95.702075 96.792730

Tetramethoxyflavone
7 S Ty-7.8- 32.4067 95.507984 95.659075
Dimethoxyflavone
8 S-Hydroxy-7,8- 32.863 95.394426 98.757010
Dimethoxyflavanone
g | l4-Deoxy-1l12-Didehydro- | 564, 92.957025 98.430214
Andrographolide
19-O-Acetyl-14-Deoxy-11,12-
10 Didehydro-Andrographolide 20.6014 93.009504 100.000000
11 14-Acetylandrographolide 21.0616 92.894783 99.743427

Keterangan :

% human intestinal absorption (% HIA)

: 70-100% well absorbed (a),

20-70% moderately absorbed (b),

0-20% poorly absorbed (c);

In Vitro Caco-2 cell permeability (nm sec-1) : > 70 higher permeability (a),

% plasma protein binding

4-70 medium permeability (b),

<4 low permeability (c)

: > 90% strongly bound (a),

<90% weakly bound (b).




LAMPIRAN 20

HASIL PENGUJIAN PREDIKSI TOKSISITAS

Tabel V.6 Uji Toksisitas

No Nama Senyawa Karsinogenik Mutagenik
1 Andrographolide Negative Mutagenik
2 Neoandrographolide Positive Mutagenik
3 14-Deoxyandrographolide Positive Mutagenik
4 Andrograpanin Negative Non-Mutagenik
5 Isoandrographolide Negative Non-mutagen
5-Hydroxy-7,8,2°5’- _ i
6 Negative Mutagenik
Tetramethoxyflavone
5-Hydroxy-7,8- o )
7 ) Positive Mutagenik
Dimethoxyflavone
5-Hydroxy-7,8- o )
8 ) Positive Mutagenik
Dimethoxyflavanone
14-Deoxy-11,12-Didehydro- . )
9 ) Positive Mutagenik
Andrographolide
19-O-Acetyl-14-Deoxy-11,12- - )
10 _ ) Positive Mutagenik
Didehydro-Andrographolide
11 14-Acetylandrographolide Positive Mutagenik




