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Abstract

This research had studied the interaction and binding between protein target and anticancer drug
derivatives, which are tubulin heterodimer and new podophyllotoxin derivatives (80 ligands). These new derivatives
were modified by replacing the functional groups at R1 or R2 positions, by using molecular modeling and molecular
docking methods. Physicochemical and ADMET predictions were also considered in order to evaluate the good
druglikeness properties for these new podophyllotoxin derivatives, having the most favorable binding with protein
target, and having significantly the lowest hepatotoxicity compared to a drug podophyllotoxin. From the calculated
results, the new podophyllotoxin derivatives were chosen of 9 ligands (E-binding and Tox_P values), i.e., N11R2 (-
7.64 kcal/mol and 1.1), N20R2 (-7.59 kcal/mol and -0.7), N26R2 (-7.48 kcal/mol and 4.4), N25R2 (-7.44 kcal/mol
and 4.1), N13R2 (-7.43 kcal/mol and 2.8), N17R2 ( -7.07 kcal/mol and 4.4), N16R1 (-7.04 kcal/mol and 3.2), N9R2
(-7.04 kcal/mol and 3.9) and N40R2 (-7.01 kcal/mol and 3.6), respectively. These new derivatives provided the most
specificity to protein target, the more favorable binding with protein target (E-binding < -7.00 kcal/mol), the good
druglikeness properties, and significantly very low hepatotoxicity (-0.7 < Tox_P < 4.4) compared to the
podophyllotoxin. Moreover, it was also found that the best podophyllotoxin derivatives (9 ligands) were likely to
form strong interaction with stable conformations in B-tubulin regions within binding site cavity. From the overall
results, it can be concluded that these new podophyllotoxin derivatives might be new drug candidates as the

microtubule-depolymerizing agents.

Keywords : Podophyllotoxin derivatives ; tubulin heterodimer ; molecular docking ; ADMET
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Colchicine
binding site
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macromolecule}; ALNWA {Fully flexible; default rotatable bonds}; Grid box dimension {Center on macromolecule};
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wilg) g msuntasuans Ussnaudag Optimization algorithm {Genetic algorithm}; Number of runs {70}; Maximum
number of evals {3,000,000}; Number of cycles {50}; Accepted or Rejected steps/ cycle {25,000}; Output
{Lamarckian Generic Algorithm}
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AaFy, CYP2D6 binding (CYP_P) muwﬁqu%rlumiﬂ“uf\i ve sl cytochrome P450 2D6, Plasma protein binding
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Human intestinal absorption (Abs) uxnafin1saatnaesald Tnaianisdmsiziaiaunusiaasaanuiueny
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A15199 2 innsfresanuilugReeniulueui sl Auani@ae ‘ADMET Descriptors protocol’

ANTTAL AIHUHNS

Tox_P <-4.15 Unlikely to cause dose-dependent liver injuries
-4.15 <Tox_P<5.0 Slightly cause dose-dependent liver injuries
CYP_P <0.16 Unlikely to inhibit Cyp2D6 enzyme

PPB P < -2.21 Bounded (< 90% bound) to plasma proteins
0<BBBZ3 Inside 99% confidence ellipse

2 <80 <14 Acceptable aqueous solubility

0< Abs <2 Acceptable human intestinal absorption
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s1157199 3 WawmEnmteauaziuarlalasauszwdnsyyaniamelslaweiiueninusininiatanandu (80 Aunus,

998 N1R1 - N4OR1; N1R2 - N40R2) uazeninlailalananiu flfannsinluanaisaenia

Ligand Ligand E-binding  H-bond Ligand  Ligand E-binding  H-bond
No. Code (kcal/mol) No. Code (kcal/mol)
1a N1R1 5.86 - 1b N1R2 -6.84 -
2a N2R1 5.88 B:THR353:HN-N20; A:THR179:HG1-025; 2b N2R2 6.71 -
B:LEU248:HN-028 3b N3R2 -5.48 -
3a N3R1 5.45 _ 4b N4R2 -6.83 B:ASN285:0-H23; B:THR353:HN-016
4a N4R1 -5.96 A:GLN11:HE22-038 5b N5SR2 -6.63 -
53 NSR1 5.64 i 6b N6R2 -7.83 -
6a NGR1 574 , 7b N7R2 -7.76 -
7a N7RL 6.02 . 8b N8R2 -7.52 B:GLY237:0-H21
8a NSR1 -6.16 B:THR353:HN-N32 b NSR2 -7.04 -
2 NORL 6.00 _ 10b N10R2 -6.92 -
10a N1OR1 5.60 B 11b N11R2 -7.64 -
11a NL1RL 655 . 12b N12R2 -6.58 B:THR353:HN-014
122 N12R1 677 i 13b N13R2 -7.43 B:THR376:0G1-H26
13a N13R1 559 AGLNI76:0-H26 14b N14R2 -6.56 B:THR376:0G1-H27
143 N14R1 622 i 15b N15R2 -6.11 A:GLN11:HE22-023; B:LYS254:HZ2-025
152 N1SRL 676 : 16b N16R2 -6.56 B:VAL315:0-H26; A:GLN11:HE22-023;
16a N16R1 01 : 17b N17R2 -7.07 B:GLY237:0-H24
17a N17R1 672 ASER178:0-H25 18b N18R2 -5.80 B:VAL315:0-H27
18a N18R1 647  ATHR179:0G1-H27 ;gg mzzz i?:‘s‘g 32155325421:";‘%3;
19a N19R1 -7.06 B:THR353:HN-038; B:THR353:0-H26
208 N20RL 665 AASNIOLHD22.035 gz xgz -2.: A:GLN11:HE22-023; B:LYS254:HZ2-025
;;: x:i:i :g:g; - 23b N23R2 -6.79 -
23a N23R1 7 . 24b N24R2 -6.20 -
mooam o o = pam ||
;Z: :;221 ’2:2 :fl:x;gfggi’:;g; ATYR224:0H-H25 27b N27R2 -6.83 ATHR179:0G1-H20; A;THR179:0G1-H25;
27a N27R1 597  ASER178:0-H25; A:SER178:0-H26 ATYR224:0H-H24; A:TYR224:0H-H26
28a N28RL 526 BLLYS254:H72-029 280 N28R2 -6.56 B:CYS241:HN-033; B:GLT237:0-H20
29a N29R1 585 ATHR179:0-H20 29b N29R2 -6.59 B:CYS241:HN-032; B:THR240:0G1-H21
303 N30R1 .61 _ 30b N30R2 -5.53 B:THR353:HN-025
31a N31R1 -6.64 B:LYS254:H72-031 31b N31R2 -6.36 B:THR353:HN-014
32a N32R1 6.86 B:THR353:0-H24 32b N32R2 -6.19 B:ASN258:0-H24; B:THR353:HN-014
33a N33R1 -6.61 B:THR353:0-H24 33b N33R2 -5.91 B:VAL355:HN-025; B:ASN258:0-H24
34a N34R1 6.01 . 34b N34R2 -5.80 B:ASN258:0-H25
35a N35R1 -6.52 - 35b N35R2 5.94 -
36a N36R1 -6.48 B:THR353:0-H24 36b N36R2 -5.44 B:VAL315:0-H24
37a N37R1 5.32 B 37b N37R2 -5.75 B:LYS254:HZ2-09; A:GLN11:HE22-07
38a N38R1 5.66 A:THR179:0-H20 38b N38R2 -6.83 B:VAL238:0-H20
39a N39R1 5.75 A:THR179:0-H22 39 N39R2 -6.76 B:GLY237:0-H22
40a N40R1 -5.45 B:LYS254:H72-030 40b N40R2 -7.01 B:CYS241:HN-030
Podophyllotoxin -5.91 A:THR179:0-H6

UNENNE Ligand No. 1a - 40a An Ligand Code: N1R1 - N40R1 ANNAIAL LA Ligand No. 1b - 40b e Ligand Code: N1R2 - N40R2 ANNAIAL
Faating dtysnwnl NTR1 vnnefevyfaridu N1 unuinaiumis R1, dyanenl N1R2 nnefens{erfdu N1 unuiifisnumis R2

v

o o -

AryAnunl ATYR224:0H-H26 e H sinumiish 26 aasdunusiiniusslalnsiauiu 0 sewmsjnsnazilu TYR224 lu or-yyau

4

fryanunl B:-THR353:HN-N20 usinaifia N sinumtdeh 20 aasdunusiiniusslalnsiauiu N 1aemsinsnesfitu THR353 Tu B-yyau

U
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XR1 AR2 @ podophyllotoxin

-4 4
T ]
= -5
[l 1 X X
= X X N
= : X 3

X X

5 6 P xKx A | X Tx « aph 8%
= E A ® )KAAA M XOK
S 5 1284 AXQAXA* KRBy | AP0 X Y
a2 77 N XA X
1 |p2at] & P
£ 8]

9 "ttt

1] 5 10 15 20 25 30 35 40
UUELNRUARAUG

i 3 nauananatuiiamiansyudnayauamelslaweiueyiusninfalanandu (80 Awnus)

Whauiauiuemwisialanandu nlfanluananinenia

A1599 4 autmnia@laniAauay ADMET vaseyiuiininilalanandu (80 Aunus) s9ia N1R1 - N4OR1
(Ligand No. 1a - 40a); N1R2 - N40R2 (Ligand No. 1b - 40b) Al&a1nnisauansiaeld ADMET

Descriptors protocol’

Ligand Ligand Ligand Ligand

Mol. Formula MW. Tox P CYP P PPBP BBB Sol Abs Mol. Formula MW. Tox P CYPP PPBP BBBE Sol Abs

No. Code - - — No. Code — - —

la NIR1 C23 H22 07 410.4 4.5 -2.1 11.7 3 2 o ib  Ni1R2 C23 H2207 410.4 4.6 -2.3 1.1 2 2 0
2a  N2R1 C24 H25 N Q7 439.5 2.9 -6.3 6.9 3 2 o 2b  N2R2 C24 H25 N O7 439.5 3.3 7.1 5.9 3 2 o
3a  N3R1 C22 HIS N 06 393.4 5.0 -3.8 12.0 3 2 o 3b  N3R2 C22 HISNO6 393.4 4.5 -4.0 11.2 3 2 o
4a  NAR1 C29 H26 09 518.5 5.6 0.4 12.8 4 2 1 4b  N4R2 C29 H26 09 518.5 6.3 -1.7 13.1 4 2 1
5a N5R1 C26 H22 08 462.4 3.7 -3.0 7.1 2 2 o 5b  NSR2 C26 H22 08 462.4 4.3 4.1 6.9 2 2 o
6a NG6R1 C26 H23NO7 461.5 3.9 -2.9 11.2 3 2 o 6o N6R2 C26 H23NO7 461.5 4.0 -4.0 116 4 1 o
7a  N7R1 C26 H2207 5 478.5 9.5 -2.7 15.4 2 2 o 7 N7R2 C26 H2207 5 478.5 10.8 -3.9 17.4 2 1 o
8a N8R1 C23 H21IN3 06 S 467.5 7.9 -2.8 5.3 3 2 o 8b  N8R2 C23 H21N306 S 467.5 7.2 -3.6 10.9 3 2 o
Sa  N9R1 C27 H23NO7 473.5 3.4 -2.4 111 2 2 o Sh N9R2 C27 H23 N O7 473.5 3.9 -3.5 11.5 2 2 o
10a NI1OR1 C24 H24 07 424.4 3.9 0.7 12.0 2 2 o 10b  N10R2 C24 H26 07 426.5 -1.4 4.8 2.6 3 2 o
1la NI11R1 C28 H26 07 474.5 0.8 -2.4 6.1 2 2 o 11b  N11R2 C28 H26 07 474.5 1.1 -3.9 6.1 2 2 o
12a NI12R1 €25 H28 07 488.5 0.0 -3.4 8.2 2 2 o 12b  N12R2 C29 H28 07 488.5 0.8 4.8 7.8 2 2 o
13z NI13R1 €28 H26 08 450.5 25 -2.7 2.5 3 2 o 13b  N13R2 C28 H26 08 450.5 2.8 -3.6 2.2 3 2 0
14z NI14R1 C28 H2ZTNO7 485.5 3.8 -5.5 3.6 3 2 o 14b N14R2 C28 H27 N O7 489.5 a.7 -7.0 3.3 3 2 0
152 NI15R1 C30 H31NO7 517.6 3.8 -3.7 5.9 2 2 o 15b  N15R2 C30 H31INOY 517.6 4.3 -5.2 5.9 2 2 0
16a NI16R1 C28 H26 07 5 506.6 3.2 -2.7 6.0 2 2 o 16b N16R2 C28 H26 07 5 506.6 4.0 -4.2 5.7 2 2 0
17a N17R1 C26 HZSNO7 5 4585.5 3.6 -5.6 4.5 3 2 o 17b  N17R2 C26 H2SNO7 S 4595.5 4.4 -6.6 4.2 3 2 0
182 NI18R1 C28 H2ZTNO7 485.5 2.7 4.3 4.3 3 2 o 18b N18R2 C28 H27 N O7 489.5 3.6 -5.9 3.9 3 2 0
192 NI19R1 C28 H2TN 039 521.5 2.5 -5.0 3.4 4 2 o 15h N19R2 C28 H27 N 09 521.5 2.8 -6.6 3.1 4 2 1
20a N20R1 C27 H28 07 464.5 0.7 -3.7 5.1 3 2 o 20b  N20R2 C27 H28 07 464.5 0.7 4.7 4.9 2 2 o
21a N21R1 C29 H28 08 504.5 2.3 -3.9 5.7 3 2 o 21h  N21R2 C29 H28 08 504.5 2.7 -5.5 5.7 3 2 o
22a N22R1 C22 H23N Q7 413.4 0.5 -8.3 0.1 3 3 o 22h  N22R2 C22 H23NO7 413.4 0.8 9.8 -0.2 3 3 o
232 N23R1 C24 H2ZTN Q7 441.5 0.9 -7.9 13 3 3 o 23b  N23R2 C24 H27 N O7 441.5 0.6 9.5 1.0 3 3 o
242 N24R1 C23 H22 08 426.4 5.9 -1.4 10.3 3 2 o 24h  N24R2 C23 H2208 426.4 3.3 -3.0 111 3 2 o
25a N25R1 C24 H25 N Q7 438.5 3.5 -3.9 5.0 3 2 o 25b  N25R2 C24 H25 N O7 439.5 4.1 4.2 8.7 3 2 o
26a N26R1 C25 H2T N O7 453.5 4.1 -2.2 5.6 3 2 o 26b  N26R2 C25 H27 N O7 453.5 4.4 -2.5 8.5 3 2 o
27a  N27R1 C24 H26 N2 08 470.5 3.7 9.2 6.2 4 2 1 27b  N27R2 C24 H26 N2 08 470.5 3.7 5.4 6.7 4 2 1
282 N28R1 C23 H23 N 08 441.4 11.1 -2.7 16.9 3 2 o 28b  N28R2 C23 H23N OB 441.4 73 -4.0 5.7 3 2 o
292 N29R1 C22 H21 N 08 427.4 10.8 -3.5 15.3 4 2 o 29b  N29R2 C22 H21N OB 427.4 7.8 4.5 5.4 4 2 o
30a N30R1 C24 H25 N 08 455.5 10.0 -2.3 16.3 3 2 o 30b  N30R2 C24 H25 N 08 455.5 6.6 -3.5 7.2 3 2 o
31a N31R1 C28 H24 08 488.5 71 0.8 116 2 2 0 31b  N31R2 C28 H24 08 488.5 73 -2.2 116 4 1 0
32a N32R1 C28 H24 0% 504.5 8.7 -0.9 8.2 4 2 1 32b  N32R2 C28 H24 09 504.5 88 -2.4 8.1 4 2 1
33a N33R1 C28H24 085 520.6 9.6 -0.9 11.9 4 1 0 33b  N33R2 C28H24085 520.6 9.9 -2.3 118 4 1 1
343 N34R1 C28 H25 N 08 503.5 9.8 -3.1 10.4 4 1 1 34b  N34R2 C28 H25NO8 503.5 10.3 -4.3 10.3 4 1 1
358 N35R1 C29 H26 08 502.5 6.5 -2.1 135 4 1 0 35h  N35R2 C29 H26 08 502.5 6.6 -3.4 13.4 4 1 1
36a N36R1 C29 H27 N 08 517.5 8.6 -1.6 11.7 4 2 0 36h  N36R2 C29 H27 N D8 517.5 8.7 -3.1 11.6 4 1 1
37a N37R1 C26 H28 07 452.5 5.1 -1.4 126 2 2 0 37b  N37R2 C26 H28 07 452.5 5.3 -2.4 12.0 2 1 o
382 N38R1 C22 H2007 5 428.5 5.9 -1.9 121 2 2 0 38h N38R2 C22H2007 5 428.5 5.2 -2.9 1.7 2 2 o
392 N3%R1 C23 H2207 5 442.5 4.9 -1.6 9.6 3 2 0 39bh N39R2 C23 H22075 442.5 5.0 -2.4 9.3 2 2 o
40a  N4OR1 C24 H2407 5 456.5 3.3 -1.1 9.5 2 2 0 40b  N40R2 C24 H2407 5 458.5 3.6 -2.0 9.2 2 2 0

yid18i18 Mol. Formula (Molecular formula), MW (Molecualr weight), Tox_P (Hepatotoxicity), CYP_P (CYP2D6 binding), PPB_P (Plasma protein
binding), BBB (Blood-brain barrier level), Sol (Aqueous solubility level), Abs (Human intestinal absorption level)
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tigand | Ligand E-binding  Eawsue)  Eelec Eiors | rotatable  O.S. H-bond Tox_P CYP_P PPB_P BBB Sol Abs

No. Code bonds
11b N11R2 -7.64 -9.02 -0.11 1.49 5 0.80 - 1.1 -3.9 6.1 2 2 0
20b N20R2 -7.59 -8.61 -0.17 1.19 4 0.72 B:CYS241:HN--035 -0.7 -4.7 4.9 2 2 0
26b N26R2 -7.48 -8.33 -0.94 1.79 6 0.79 - 4.4 -2.5 8.5 3 2 0
25b N25R2 -7.44 -8.27 -0.96 1.79 6 0.79 - 4.1 -4.2 8.7 3 2 0
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40b N40R2 -7.01 -8.62 -0.18 1.79 6 0.80 B:CYS241:HN--030 3.6 -2.0 9.2 2 2 0

Podophyllotoxin -5.91 -7.26 -0.14 1.49 5 A:THR179:0--H6 9.8 -2.9 18.2 3 2 0
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