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ALUR PENELITIAN FARMAKOFOR MODELING DAN MOLECULAR

DOCKING

Reseptor target diunduh dari situs PDB

Identifikasi farmakofor dari
kompleks ligan-reseptor pada
LigandScout

Preparasi reseptor dan ligan
pembanding pada Discovery
Studio Visualizer

Dibuat permodelan farmakofor 3D Validasi metode pada Autodock
berbasis ligan Tools

Ligan uji diunduh dari situs
PubChem

Analisis hasi-l nilai AUC dari Optimasi ligan uji pada Chem
kurva ROC dan GH Score Draw professional 15.0

Validasi permodelan farmakofor

Identifikasi farmakofor pada Penambatan molekul ligan uji
ligan uji dengan reseptor target

Memvisualisasikan farmakofor yang
menyatu dengan hasil penambatan molekul

Uji pre-ADMET dan toksisitas
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docking programs by providing challenging decoys. It contains:

« 22,886 active compounds and their affinities against 102 targets, an average of 224 ligands per target
» 50 decoys for each active having similar physico-chemical properties but dissimilar 2-D topology.

mol2 and SDF format now available in all packages for actives and decoys. [July 14]

DUD-E is provided by the Shoichet Laboratory in the Department of Pharmaceutical Chemistry, at the University of California, San Francisco
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endeavor to put right any problems promptly, as best we can. B

Gambar V.6 Tampilan situs DUD-E




49

LAMPIRAN 2
(LANJUTAN)

% | G iketan pada penar X | @ MicosoftWod - X | + = 5} k3

melser=tes B vEn@

<« & @ bindingdb.ong/bind/doFirstTimelser jspijsessionid =F03B5BABSB2 AT BFIC2BEDAT4,

[[] Iresligend - Regic ® | # penembastanmols X @ CindngDDSuree; X @ DUD-E A Databes X

The Bmdmg Database

Contribule dala Web Services

load Aboul us En

Home Infe

yBDE goul
u::::nandmowse BindingDB suwey 2020

Saquance
o cortts

Daar BindingDB Usar,
40° K" -TAS We woild be gratelul for your feedback aboul BindingDE. as we are preparing

pH (Enzsmalic Aszay) propusal bo conlinue BindingDB curation and cperalions.

HATE
e IF you hava fc experisnce with & survey ilem, please leave # bank
Substrate or Compebior
Thanks!

The BindingDE Team, bindingdbig:pnal com

- o Shp zurvey for nowt
Source Drganizm

Mumber of Compounds

Manamar List n civ Your main affikation

Hat List In S0F ) Academic
Compaund overnmant

04 Onacs ) Industrial

Campaunds L) Other B

Chamical Structurs SRR —
gme Is your work al least parlly funded by the NIH?

ShILES Crvas

—/No

Gambar IVV.7 Tampilan situs binding database

§ PreADMET|Prec % | G ikatanpadapenar ¥ | @ MicrasoftiWeed - % | 4 - a *

Ew mes@

[iz] Intetigand - Regic ® | # penambatanmale X | G Preadmet-Pencl. X ) Publhem ®

€ & pubchem.ncbinim.nih.goy

Pub@hem About  Blog  Submit  Contact

Explore Chemistry

find ¢ ical info ion from authoritati

Try BSpirin

Gambar V.8 Tampilan situs PubChem



[f rsstogard - Regste

s

LAMPIRAN 2
(LANJUTAN)

X | ® penambatanmolehul- X | G Pressmet-Perssrs X B ADMI-9eADMET (6 X G ikatan pada penambet. X | @ Micresofl Word - Ane
C @ preadmatbmarcksfadme
MOLmal andsd file  Maleculor descriprars  Druglikeness  ADME Prediction Toiciny predician Logln Regimer Q& Login

g4 AOMET .

& Toxicity Community Commercia

r 4 | & 5 B
o v /ol v 000 -

x

+ - B X
Bt o @
f w3 in

Gambar 1.9 Tampilan situs PreADMET

X Toxtree (Estimation of Toxic Hazard - A Decision Tree Approach) v2.6.13

- O X
'Eile Edit Chemical Compounds Toxic Hazard Method Help
» |Chemical identifier - Gol
Silab bute o d
MNames Created from SMILES ». Estimate
SMILES |cccecc
0
d i
g IT]

Structure diagram

Verbose explanation

Gambar 1V.10 Tampilan situs Aplikasi Toxtree

50



o1

LAMPIRAN 3

STRUKTUR 3 DIMENSI RESEPTOR MONOAMINE OKSIDASE B DAN
LIGAN ALAMI

Gambar V.1 Monoamine Oksidase B ID 2BK3

Gambar V.2 Ligan alami
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GAMBAR STRUKTUR LIGAN UJI
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SCREENING FARMAKOFOR
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Gambar V.5 Visualisasi ligan alami (Farnesol)
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H

Gambar V.6 Visualisasi hasil screening farmakofor ligan uji (cis-a-Bisabolene)
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Tabel V.1
Hasil Validasi Farmakofor
Reseptor ROC Curve AUC | GH Score
MAO-B _ 0.83 0.70
.%
§ 19 hits ||I-..
1 - Specificity (% retrieved decoys)
Tabel V.2
Hasil Screening Farmakofor
No. Nama Senyawa Matching Features Fit Score
1. | Farnesol (Ligan - -
Pembanding)
2. | cis-a-Bisabolene 65,91

Keterangan

Warna biru = Cincin aromatik

Warna kuning = Ikatan hidrofobik

Warna merah = Akseptor ikatan hidrogen

Warna hijau = Donor ikatan hidrogen
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LAMPIRAN 7
PREDIKSI DRUG LIKENESS BERDASARKAN ATURAN LIPINSKI’S
RULE OF FIVE
Tabel V.3
Hasil Prediksi Drug Likeness
Berat Ikatan Hidrogen
Senyawa Molekul Log P Keterangan
(gr/mol) | Donor | Akseptor

a-Phellandren-8-ol 152.23 1 1 1.8 Memenuhi Syarat
a-Phellandrene 136.23 0 0 3.2 Memenuhi Syarat
a-Pinene 136.23 2.8 Memenuhi Syarat
a-Selinene 204.35 4.2 Memenuhi Syarat
a-Terpinene 136.23 2.8 Memenuhi Syarat
a-Terpineol 154.25 1.8 Memenuhi Syarat
a-Terpinolene 136.23 2.8 Memenuhi Syarat
a-Thujene 136.23 2.8 Memenuhi Syarat
B-Bisabolene 204.35 4.2 Memenuhi Syarat
B-Cadinene 204.35 4 Memenuhi Syarat
B-Caryophyllene 204.35 4.4 Memenuhi Syarat
B-Elemene 204.35 4.7 Memenuhi Syarat
B-Ocimene 136.23 4.3 Memenuhi Syarat
B-Pinene 136.23 3.1 Memenuhi Syarat
B-Terpineol 154.25 2.5 Memenuhi Syarat
Cedrol 222.37 3.9 Memenuhi Syarat
Champene 136.23 3.3 Memenuhi Syarat

cis-a-Bergamotene 204.35 4.8 Memenuhi Syarat

cis-a-Bisabolene 204.35 3 Memenuhi Syarat

cis-B-Ocimene 136.23 4.3 Memenuhi Syarat

ORI OIFRPIO0O0O|0O|0O|0O|I0O|0O|FRPIPIO0O|0O|0O|0O0O|/0O|O|,|O|O|O
O|FRPIOIFRPIFPIOCIO|RPIO|I0OI0O|0OIFRPIPIO0C|0O|0O|0O0O|/0O|O|,P|O|O|O

cis-Citral 152.23 3 Memenuhi Syarat
d-Elemene 204.35 4.7 Memenuhi Syarat
y-Maaliene 204.35 4.9 Memenuhi Syarat
Geranial 152.23 3 Memenuhi Syarat
Geraniol 154.25 2.9 Memenuhi Syarat
Germacrene-D 204.35 4.7 Memenuhi Syarat
Intermedeol 222.37 4.5 Memenuhi Syarat
Limonene 136.23 3.4 Memenuhi Syarat
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Tabel V.3
Lanjutan
Senyawa MBoelgitul Ikatan Hidrogen Log P Keterangan
(gr/mol) | Donor | Akseptor
Myrcene 136.23 0 0 4.3 Memenuhi Syarat
Linalool 154.25 1 1 2.7 Memenuhi Syarat
Nerol 154.25 1 1 2.9 Memenuhi Syarat
selina-4,11-diene 220.39 0 0 5.2 Memenuhi Syarat
Terpinen-4-OL 154.25 il 1 2.2 Memenuhi Syarat
trans-B-Ocimene 136.23 0 0 4.3 Memenuhi Syarat
trans-Caryophyllene | 04.35 0 0 4.4 Memenuhi Syarat
Viridiflorol 222.37 1 1 3.7 Memenuhi Syarat
y-Terpinene 136.23 0 0 2.8 Memenuhi Syarat

Keterangan: BM (Berat molekul) <500 Dalton, Log P <5, Donor ikatan hidrogen
<5 dan Akseptor ikatan hidrogen <10.
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Tabel V.4
Hasil Validasi Reseptor
AG
Reseptor Grid Box RMSD (Energi
Bebas)
X :15.718
Monoamine oksidase-B (2bk3) | Y:127.139 | 1.586A | -7.63 kcal/mol
Z:23.683
Tabel V.5

Hasil Penambatan Molekul Ligan Uji

No

Senyawa / Ligan

AG
(kkal/mol)

Residu Asam Amino

K1 (nM)

Ligan Alami/ Farnesol
(2bk3)

-7.63

B:LEU199; B:TYR326;
B:PHE168; B:TRP119;
B:PRO104; B:ILE316;
B:LEU164; B:LEU171;
B:LEU167

2.57

a-Phellandren-8-ol

-6.18

B:ILE199; B:PHE168;
B:ILE198; B:LEU171;
B:LEU167; B:CYS172

29.30

a-Phellandrene

-6.08

B:TRP199; B:PRO104;
B:LEU164; B:LEU167;
B:TYR326; B:PHE168;
B:LEU171; B:ILE199

34.66
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Tabel V.5
Lanjutan
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a-Pinene

-6.32

B:LEU167; B:PHE168;
B:TYR326; B:LEU171

a-Selinene

-8.65

B:LEU167; B:PHE168;
B:LEU171; B:TRP199;
B:PRO104; B:ILE316;
B:TYR326; B:ILE199;
B:PHE103; B:LEU164

45511

a-Terpinene

-6.06

B:LEU171; B:ILE199;
B:CYS172; B:TYR326;
B:PHE168; B:LEU167;
B:ILE316; B:PRO104

36.22

a-Terpineol

-6.10

B:CYS172; B:PHE168;

B:TRP199; B:ILE316;

B:LEU167; B:LEU164;
B:LEU

33.50

a-Terpinolene

-6.08

B:TYR326,; B:HE168;
B:CYS172; B:LEU171;
B:ILE199; B:TRP119;
B:PRO104; B:PHE103

35.10

a-Thujene

-5.52

B:LEU171; B:CYS172;
B:ILE199; B:PHE168;
B:LEU164, B:PRO104;
B:TRP119; B:ILE316

89.64

10.

[-Bisabolene

-8.13

B:TYRG60; B:LEU326;
B:PHE343; B:TYR435;
B:TYR326; B:ILE198;
B:LEU171; B:ILE199;
B:CYS172

1.09

11.

B-Cadinene

-8.39

B:TYRA435; B:ILE198;
B:TYR398; B:TYRG60;
B:LEU328; B:PHE343;
B:PHE168; B:TYR326;

703.14
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Tabel V.5
Lanjutan
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B:ILE199; B:LEU171;
B:CYS172

12.

B-Caryophyllene

777

B:ILE198; B:CYS172;

B:TYRA435; B:LEU171;

B:PHE343; B:TYRG60;
B:TYR398

2.01

13.

B-Elemene

-8.16

B:CYS172; B:PHE168;
B:TRP119; B:LEU164;
B:LEU167; B:ILE316;
B:TYR326; B:PRO104;
B:LEU171; B:ILE199

1.05

14.

B-Ocimene

-5.60

B:ILE198; B:TYR326;
B:CYS172; B:LEU171;
B:ILE199; B:PHE168,;
B:ILE316; B:PRO104;
B:LEU167; B:LEU164

78.98

15.

B-Pinene

-6.45

B:PHE168; B:PHE103;
B:LEU164; B:PRO104;
B:LEU167; B:TRP119;
B:ILE199; B:LEU171;
B:ILE316

18.75

16.

B-Terpineol

-6.11

B:PRO104; B:ILE199;
B:PHE168; B:TRP119;
B:LEU167; B:LEU164;
B:LEU171; B:ILE316;
B:PRO102

33.28

17.

Cedrol

-7.89

B:PHE168; B:ILE199;
B:CYS172; B:LEU171;
B:ILE198; B:TYR326;
B:PHE343; B:LEU328

1.65

18.

Champene

-6.34

B:ILE199; B:PRO104;
B:LEU167; B:TRP119;
B:TYR326; B:LEU164;

22.70
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Tabel V.5

Lanjutan
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B:PHE168; B:ILE3316;
B:LEU171

19.

cis-a-Bergamotene

-8.19

B:PHE168; B:PHE103;
B:LEU167; B:PRO104;
B:ILE199; B:TRP119;
B:ILE316; B:LEU164;
B:LEU171; B:CYS172;
B:TYR316

997.85

20.

cis-a-Bisabolene

-8.22

B:LEU328; B:PHE343;
B:TYR326; B:-TYYRG0;
B:ILE199; B:LEU171,
B:CYS172; B:ILE198

940.38

21.

cis-B-Ocimene

-5.56

B:PRO104; B:ILE316;
B:TRP119; B:PHE168;
B:ILE199; B:TYR326;
B:CYS172; B:LEU171

84.31

22.

cis-Citral

-5.50

B:CYS172; B:LEU171;
B:TYR326; B:ILE199;
B:TRP119; B:ILE316;
B:PRO104; B:LEU164;
B:LEU167

92.68

23.

o6-Elemene

-8.40

B:PRO104; B:LEU167;
B:ILE199; B:LEU164;
B:ILE316; B:TRP119;
B:LEU171; B:PHE168;
B:ILE198; B:CYS172;
B:TYR326

698.48

24.

y-Maaliene

-8.16

B:ILE316; B:LEU167,
B:TYR326; B:LEU171;
B:ILE198; B:PHE168;
B:CYS172; B:ILE199

1.05

25.

Geranial

-5.31

B:ILE199; B:TRP119;
B:PRO104; B:LEU171;

129.02
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B:CYS172; B:PHE168;
B:LEU164

26.

Geraniol

-5.79

B:ILE198; B:ILE199;
B:CYS172; B:LEU171;

57.10

27.

Germacrene-D

-7.98

B:LEU171; B:TYR326;
B:ILE199; B:TYR435;
B:ILE198; B:CYS172;
B:PHE168; B:TYR398;
B:PHE343

1.42

28.

Intermedeol

-7.65

B:TYRG60; B:YR435;
B:TYR326; B:LEU171;
B:PHE343; B:TYR398

2.46

29.

Limonene

-6.00

B:LEU167; B:LEU164;
B:PRO104; B:TRP119;
B:ILE199; B:LEU171;
B:CYS172; B:PHE168

39.76

30.

Linalool

-5.28

B:PHE168; B:ILE199;
B:TYR326; B:TYR398;
B:LEU171

135.73

31.

Myrcene

-5.36

B:TRP119; B:LEU164;

B:LEU167; B:ILE199;

B:CYS172; B:LEU171;
B:ILE198

117.18

32.

Nerol

-5.57

B:ILE199; B:PHE168;

B:TYR326; B:LEU171;

B:TYR398; B:PHE343;
B:CYS172

83.13

33.

selina-4,11-diene

-7.40

B:TYR435; B:TYR398;
B:LEU328;B:PHE343;
B:TYRG60; B:TYR326;
B:LEU171; B:ILE198

3.76

34.

Terpinen-4-OL

-6.09

B:CYS172; B:PHE168;
B:LEU171; B:PHE343;

34.08
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B:TYR398; B:TYR326;
B:ILE199; B:ILE198

35.

trans-B-Ocimene

-5.59

B:TYR398; B:CYS172;
B:LEU171; B:167;
B:PHE168; B:ILE199

79.39

36.

trans-Caryophyllene

-8.29

B:LEU171; B:CYS172;
B:PHE168; B:ILE199;
B:ILE198; B:LEU328;
B:TYR326; B:TYR435;
B:PHE343; B:TYR398;
B:TYR60

837.02

37.

viridiflorol

-7.94

B:TYR398; B:TYRA435;
B:ILE198; B:CYS172;
B:TYR326; B:ILE199;
B:PHE168; B:LEU171

1.51

38.

y-Terpinene

-5.51

B:LEU164; B:PHE168;
B:CYS172; B:ILE199;
B:PRO104; B:ILE316;
B:ILE316; B:LEU171;
B:LEU167

90.68
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HASIL PREDIKSI ADME SENYAWA AKTIF BUAH LEMON (CITRUS

Hasil Prediksi ADME

LIMON L.)
Tabel V.6

Adsorbsi Distribusi

No. Nama Senyawa Cag:cz gm HIA (%) PPB (%)
1. | a-Phellandren-8-ol 50.71 100 30.55
2. | a-Phellandrene 23.41 100 100
3. | a-Pinene 23.63 100 100
4. | a-Selinene 23.63 100 100
5. | a-Terpinene 23.45 100 100
6. | a-Terpineol 50.80 100 23.41
7. | a-Terpinolene 23.63 100 93.16
8. | a-Thujene 23.63 100 100
9. | B-Bisabolene 23.40 100 100
10. | p-Cadinene 23.63 100 100
11. | p-Caryophyllene 23.63 100 100
12. | B-Elemene 23.49 100 100
13. | p-Ocimene 23.63 100 100
14. | B-Pinene 23.49 100 100
15. | B-Terpineol 50.80 100 21.98
16. | Cedrol 51.23 100 82.43
17. | Champene 23.49 100 100
18. | cis-a-Bergamotene 23.40 100 100
19. | cis-a-Bisabolene 23.40 100 100
20. | cis-B-Ocimene 23.63 100 100
21 | cis-Citral 13.96 100 100
22. | 5-Elemene 23.64 100 100
23. | y-Maaliene 23.49 100 100
24. | Geranial 4.88 100 100
25. | Geraniol 8.75 100 100
26. | Germacrene-D 23.63 100 100
27. | Intermedeol 55.68 100 86.27
28. | Limonene 23.63 100 100
29. | Linalool 29.35 100 100
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30. | Myrcene 23.63 100 100
31. | Nerol 8.75 100 100
32. | selina-4,11-diene 23.49 100 100
33. | Terpinen-4-OL 50.80 100 100
34. | trans-B-Ocimene 23.63 100 100
35. | trans-Caryophyllene 23.63 100 100
36. | Viridiflorol 54.57 100 100
37. | y-Terpinene 23.6401 100 100
Keterangan
% Human Intestinal Absorbsi (% HIA) = (a)70-100% well absorbed

(b) 20-70% moderately absorbed
(c) 0-20% poorly absorbed

In Vitro Caco-2 cell permeability (nm sec-1) = (a) >70 higher permeability
(b) 4-70 medium permeability
(c) <4 low permeability

Plasma protein binding = (a) >90 strongly bound

(b) < 90% weakly bound
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HASIL PREDIKSI SIFAT TOKSISITAS SENYAWA AKTIF BUAH
LEMON (CITRUS LIMON L.)

Tabel V.7

Hasil Prediksi Sifat Toksisitas

No Ligan C:ﬁlr::r Benigni/bosarulebase d‘;ﬁgﬁfonrie
1 | a-Phellandren-8-ol 3 8,9 1
o | a-Phellandrene 1 8,9 1
3| o-Pinene 1 8,9 1
4 a-Selinene 1 8.9 1
5. | a-Terpinene 1 8.9 1
6. | o-Terpineol 3 89 1
7 | a-Terpinolene 1 8.9 1
g | o-Thujene 1 8.9 1
9. | B-Bisabolene 1 89 1

10. B-Cadinene 1 89 1

11. | B-Caryophyllene 1 8,9 1

12 | B-Elemene 1 89 1

13, B-Ocimene 1 8.9 1

14, | B-Pinene 1 8,9 1

15. | B-Terpineol 3 8.9 1

16. | Cedrol 3 8,9 2

17. Champene 1 89 1

18. cis-a-Bergamotene 8,9 1

19. | cis-o-Bisabolene 1 8,9 1
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o0 | Cis-B-Ocimene 1 89 1
o1 | cis-Citral 1 48,9 1
2o | 8-Elemene 1 8.9 1
o3 | y-Maaliene 1 89 1
24 Geranial 1 489 1
o5 | Geraniol 1 89 1
0g. | Germacrene-D 1 8.9 1
27 | Intermedeol 3 89 1
og | Limonene 1 8.9 1
og. | Linalool 3 89 1
30. | Myrcene 1 8.9 1
31, | Nerol 1 8,9 1
37 | selina-4,11-diene 1 89 1
33 | Terpinen-4-OL 3 8.9 1
34 | trans-B-Ocimene 1 8.9 1
35 | trans-Caryophyllene 1 8.9 1
3. | Viridiflorol 3 89 1
37 | y-Terpinene 1 89 1
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Keterangan

Cramer rules = (1) Substances with sample chemical structures and fix which
efficient modes of metabolism exist, suggesting a low order of
oral toxicity.

(2) Substances which possess structures that are less innocuous
than class | substances, but do not contain structural features
suggestive of toxicity like those substances in class I11.

(3) Substances with chemical structures that permit no strong unitial
presumption of safety or may even suggest significant toxicity ir
have reactive functional groups.

Benigni/Bossa rulebase = (1) Structural Alert for genotoxic carcinogenicity.

(2) Structural Alert for nongenotoxic carcinogenicity.
(4) Unlikely to be a s. typhimurium TA100 mutagen
based on gsar
(8) Negative for genotoxic carcinogenicity.
(9) Negative for nongenotoxic carcinogenicity.

Kroes TTC = (1) Substance would not be expected to be a safety concern.

(2) Negligible risk (low probability of life-time cancer risk greater

than 1 in 109).



