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ALUR PENELITIAN

Penyiapan Struktur Molekul
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ligan atau residu non standar
dengan Discovery Studio 3.5

Visualizer

|

Output : 1UZF dan 1086

Pengoptimasian dengan
Autodock Tools yang
meliputi : penambahan atom
dan pengaturan grid box

Output Reseptor.pdbqt

Penyiapan Struktur
Ligan

pengunduhan
Struktur ligan dari
PubChem

|

Output : Ligan.sdf

Pengonversian format
dengan Discovery
Studio 3.5 Visualizer

Output : ligan.pdb

Pengoptimasian
dengan autodock
Tools, dan Discovery
Studio 3.5 Visualizer

Output : Ligan.pdbqt

Penambatan Molekul
dengan AutoDock
Tools

Analisa dan visualisasi
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Output AG, RMSD, KI,
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Toksisitas

Gambar 1.1 Alur penelitian secara umum

43




44

LAMPIRAN 2

PROTEIN DATA BANK

/' RCSBPDB:Homepage X \\_\ e - X

& 2 C | # Secure | https;//www.resb.org h¢

wnload Leam v  More v

SB PDB  Deposit + Search » Visualize »  Analyze ~
143158 Biological
Macromolecular Structures Search 1 thor macromolecule. sequer "

_.I_)!’ 4 Enabling Breakthroughs in

PROTEIN DATA BANK Reseatch and Educaton

Advanced Search | Browse by Annotations

% kb ataBan W Mot
DB-101 tPD EMD .tﬂiﬂ"&“ g s D

A Structural View of Biology

This resource is powered by the Protein Data Bank archive-information about the
3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of biomedicine and agriculture,
from protein synthesis to health and disease.

t Molecule of the Month

# Deposit

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
Ldl Visualize biology, and beyond

Award-Winning Videos on Antibiotic Resistance

Analyze

& Download

Video Challenge
il Leam for High School Students

Gambar 1.2 Protein Data Bank
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PUBCHEM
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DISCOVERY STUDIO VISUALIZER
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AUTODOCK
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MAKROMOLEKUL

Gambar 1.6 Makromolekul Angiostensin Converting Enzym
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STRUKTUR KUMARIN
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Gambar 1.10 Demetilsuberosin
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Gambar 1.11 Psoralen
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Gambar 1.12 Bergapten
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Gambar 1.15 Angelisin

Gambar 1.16 Xantiletin
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Gambar 1.17 Marmesin
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Gambar 1.18 Dihidroorosenol

54



55

LAMPIRAN 7
(LANJUTAN)
H3C 0 o Q0
CHa
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Gambar 1.20 Libanotin
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Gambar 1.22 Dikumarol
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Gambar 1.24 Skopolin
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HASIL VALIDASI METODE
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Gambar V.1 Hasil validasi 1UZF dengan Captopril

[&f C\Users\PUTRNDo: fix king.dlg - Notepads+ - X
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window x
sHHEB R GSI L] |t %] % % |@E

dg g [ parameterdocking dig 3 | A]r
Py
Number of distinct conformational clusters found 1, out of 100 runs,
Using an rmsd-tolerance of 2.0 A
CLUSTERING HISTGGRAM
1 ] ] ] ]
Clus | Lowest | Run | Mean | Num | Histogram
—ter | Binding 1 | Binding | in |
Rank | Energy 1 | Energy | Clus| 5 10 15 25 30 35
1 R | S S S N R,
11 1 571 -8.00 | 100 |
1 ] ] | |
Number of multi-member conformational clusters found 1, out of 100 runs.
RMSD TABLE
1 ] ] ] ] 1
Rank | Sub- | Run | | Cluster | Reference | Grep
| Rank | | | RMSD | RMSD | Pattern
1 | | | | 1
1 1 7 0.00 RANKING
1 z 0.01 RANKING
1 3 8 0.01 RANKING
1 4 36 0.0z RANKING
1 s 18 0.00 RANKING
1 € 75 0.02 RANKING
1 7 7 0.01 RANKING v
>
length : 992476 lines : 15.793 Ln:15541 Col:1 Sel:0|0 UTF-8 INS

Gambar V.2 Hasil validasi 1086 dengan Lisinopril
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HASIL RE-DOCKING LIGAN ALAMI

Gambar V.3 Hasil visualisasi re-docking 1UZF (captopril) dengan ligan alami
berwarna biru dan hasil kristalografi berwarna kuning

Gambar V.4 Hasil visualisasi re-docking 1086 (lisinopril) dengan ligan alami
berwarna biru dan hasil kristalografi berwarna kuning
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HASIL PENAMBATAN MOLEKUL SENYAWA UJI

Tabel V.1

61

Hasil Penambatan Molekul Berupa energi Bebas dan KI makromolekul 1UZF

no Nama Senyawa Lowest Binding Nilai KI (nM)
Energi
1. Ligan Pembanding -6,84 9.620
(Captopril)
2. Umbelliferon -5,87 4.730
3. Aesculetin -5,14 9.130
4, Skopoletin -5,85 5.580
5. Skopolin -6,14 31.400
6. Psoralen -5,85 51.800
I/ Bergapten -5,75 60.890
8. Xantotoksin -6,38 21.160
9. Isopimpinellin -6,39 20.790
10. Angelisin -5,80 45.490
11. Marmesin -6,67 12.800
12. Dihidroorosenol -6,78 10.670
13. Xantiletin -6,69 12.500
14, Avisenol A -6,00 40.290
15. Dihidroksantiletin -6,56 15.510
16. Libanotin -7,38 6.900
17. Dikumarol -6,94 8.210
18. Warfarin -8,07 1.710
19. Demetilsuberosin -6,50 25.190
20. Seselin -7,02 7.090
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(LANJUTAN)
Tabel V.2
Hasil Penambatan Molekul Berupa Energi Bebas dan KI makromolekul 1086
No Nama Senyawa Lowest Binding Nilai KI (nM)
Energi
1. Ligan Pembanding -8,01 1.350
(Lisinopril)
2. Umbelliferon -5,72 63.980
3. Aesculetin -5,54 86.980
4, Skopoletin -5,72 64.210
5. Skopolin -1,47 3.320
6. Psoralen -6,01 39.320
7. Bergapten -6,04 37.430
8. Xantotoksin -6,49 17.430
9. Isopimpinellin -6,65 13.340
10. Angelicin -6,21 27.860
188 Marmesin -6,90 8.760
12. Dihidroorosenol -7,25 4.870
13. Xantiletin -6,49 17.430
14, Avisenol A -6,58 15.100
15. Dihidroksantiletin -6,78 10.780
16. Libanotin -8,76 4.130
17. Dikumarol -6,95 8.000
18. Warfarin -8,37 728,22
19. Demetilsuberosin -6,60 14.520
20. Seselin -7,06 6.720
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PRE ADME

Tabel V.3
Hasil Pre-ADME

No | Ligan Caco-2 | HIA (%) | Protein
(nm.sec- Plasma
1) Binding
(%)
1. | Ligan Pembanding 21,03 79,47 60,47
(Captopril)
2. | Ligan Pembanding 16,55 83,31 13,79
(Lisinopril)
3. | Angelicin 37,74 98,42 82,52
4. | Avisenol 49,80 96,11 86,57
5. | Bergapten 43,47 98,16 91,65
6. | Dikumarol - - -
7. | Dihidroorosenol 27,45 96,17 81,78
8. | Isopimpinellin 43,47 98,16 91,65
9. | Libanotin 43,49 98,98 89,07
10. | Marmesin 8,00 95,36 74,40
11. | Psoralen 37,74 98,42 91,06
12. | Aesculetin 18,57 88,19 11,46
13. | Scopoletin 0,27 93,92 29,41
14. | Umbelliferon 19,51 94,17 42,39
15. | Xantiletin 37,74 98,42 86,04
16. | 1’2-Dihidroxantiletin 24,76 99,05 89,22
17. | Xantotoksin 43,47 98,16 93,04
18. | Demetilsuberosin 14,40 95,06 97,48
19. | Warfarin 22,15 96,05 88,42
20. | Seselin 32,26 98,96 85,70
21. | Skopolin 11,35 53,81 41,84
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LAMPIRAN 12

Tabel V.4
Hasil Toksisitas

64

No Nama Senyawa Mutagenik Karsinogenik
1. Captopril Mutagenik Negatif
2. Lisinopril Non-Mutagenik Negatif
3. Angelisin Mutagenik Positif
4. Avisenol Non-Mutagenik Negatif
5. Bergapten Mutagenik Negatif
6. Dikumarol - -

7. Dihidroorosenol Non-Mutagenik Positif
8. Isopimpinellin Mutagenik Negatif
9. Libanotin Non-mutagenik Negatif
10. Marmesin Mutagenik Negatif
11. Psoralen Mutagenik Negatif
12. Scopolin Non-mutagenik Positif
13. Scopoletin Mutagenik Negatif
14, Umbelliferon Mutagenik Positif
15. Xantiletin Mutagenik Negatif
16. Dihidroxantiletin Mutagenik Negatif
17. Xantotoksin Mutagenik Negatif
18. Demetilsuberosin Mutagenik Negatif
19. Aesculetin Mutagenik Negatif
20. Seselin Mutagenik Negatif
21. Warfarin Mutagenik Negatif
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SIFAT FISIKOKIMIA SENYAWA UJI

Sifat Fisikokimia Senyawa Uji

Tabel V.5

65

No | Nama senyawa BM Log | Donor | Akseptor Molar
(g/mol) P ikatan | ikatan H | refractivity
H
1. Aesculetin 178 1,03 2 4 44,44
2. Angelisin 186 2,36 0 3 50,88
3. Avisenol 304 2,42 2 5 82,72
4, Bergapten 216 2,37 0 4 57,43
5. Dicumarol 336 3,15 2 6 87,86
6. | dihidroorosenol 344 2,57 1 6 88,67
7. isopimpinellin 246 2,38 0 5 63,98
8. Libanotin 386 3,27 0 7 99,63
9. Marmesin 246 1,69 1 4 65,52
10. Psoralen 186 2,36 0 3 50,88
11. Scopolin 354 -1,19 4 9 82,05
12. Scopoletin 192 1,33 1 4 49,32
13. Umbelliferon 162 1,32 1 3 42,77
14. Xantiletin 228 2,80 0 3 64,85
15. | dihidroxantiletin 230 2,72 0 3 64,13
16. xantotoksin 216 2,37 0 4 57,43
17. | demetilsuberosin 244 3,13 0 3 70,79
18. Seselin 321 -0,05 5 6 77,14
19. Warfarin 308 3,63 1 4 86,10
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HASIL RESIDU ASAM AMINO YANG TERBENTUK

Tabel V.6

Hasil Analisis Ikatan Hidrogen dan Asam Amino yang terikat

No Senyawa uji Jumlah Ikatan Residu Asam Amino
Hidrogen

1. Kaptopril 5 His353, His513, GIn281,
Tyr520, Lys511

2. Esculetin 3 His353, Lys511, Tyr520

3. Angelisin 2 Hi353, His513

4. Avisennol 2 GIn281, Tyr520

5. Bergapten 3 His353, Hisb13, GIn281

6. Dicumarol 2 His353, Lys511

7. Dihidroorosenol 3 Glu376, Thr282, GIn281

8. | Dihidroxanthiletin 1 Lys511

9. Isopimpinellin 3 His353, His513, GIn281

10. Libanotin 4 Ala354, His353, Lys511,

GIn281

11. Marmesin 3 GIn281, His353, His513

12. Psoralen 3 GIn281, His353, His513

13. Scopoletin 4 His513, Lys511, Tyr520,

GIn281

14, Scopolin 4 His353, his513, Tyr520, Glu384

15. | Demetilsuberosin 1 His513

16. Umbelliferon 5 Tyr520, Tyr523, His513,
GIn281, Lys511

17. Xantilethin 2 His353, His513

18. Xanthotoxin - -

19. Seselin 2 His353, His513

20. Warfarin 2 GIn281, Lys511
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Tabel V.7

Hasil analisis Ikatan Hidrogen dan Asam Amino yang terikat

No. Senyawa Uji Jumlah Ikatan Residu Asam Amino
Hidrogen
1. Lisinopril 6 Tyr520, Tyr523, His353,
His513, Ala354, GIn281
2. Esculetin 3 Lys511, Tyr520, asp415
3. Angelisin 3 Tyr520, GIn281, Lys511
4. Avisenol 3 Tyr523, Ala356, Glu41l
5. Bergapten 2 Tyr520, Lys511
6. Dicumarol 5 His513, Tyr523, Glu384,
Arg522, Ala356
7. Dihidroorosenol 1 Ala356
8. | Dihidroxanthiletin 2 Lys511, Tyr520
Q. Isopimpinellin 3 Lys511, Tyr520, GIn281
10. Libanotin 5 Lys511, Tyr520, GIn281,
Thr282, Lys454
11. Marmesin 3 GIn281, His353, His513
12. Psoralen 3 Tyr520, GIn281, Lys511
13. Scopoletin 1 Ala356
14, Skopolin 5 Cys370, Ala354, Lys511,
GIn281, Glu384
15. Umbelliferon 4 Lys511, Tyr520, GIn281,
Glu384
16. | Demetilsuberosin 1 His353
17. Xanthiletin 2 Tyr520, Lys511
18. Xanthotoxin 3 Lys511, GIn281, Tyr520
19. Seselin 3 Tyr520, GIn281, Lys511
20. Warfarin 4 Arg522, Glu384, His353,

His513
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INTERAKSI MAKROMOLEKUL
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Gambar V.5 Interaksi antara makromolekul 1UZF dengan Captopril
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Gambar V.6 Interaksi dari makromolekul 1086 dengan Ligan Lisinopril



70

LAMPIRAN 16

INTERAKSI MAKROMOLEKUL SENYAWA UJI
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Gambar V.7 Interaksi asam amino antara makromolekul 1UZF dengan warfarin
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Gambar V.8 Interaksi asam amino makromolekul 1086 dengan Warfarin
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Gambar V.10 Interaksi asam amino antara makromolekul 1086 dengan
Libanotin



