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Abstract

To obtain the anti-tumor prodrugs of FAPa-activated podophyllotoxin, the intermediate structure
of N-benzyloxycarbonylglycine-L-proline coupling with podophyllotoxin was designed by using
AutoDock tools, PyMOL and Ligplot software modules. A total of 31 compounds with affinity scores
less than -9.5 kcal/mol were obtained by virtual design, and the three-dimensional structure and
molecular interaction mechanism of five optimal representative complexes were clarified, which
provided potential lead compounds for the research and development of FAP«a-activated an-
ti-tumor prodrug of podophyllotoxin to guide the further research.
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Figure 1. Chemical structure of podophyllotoxin and its derivatives with
antitumor activities. 1a: Podophyllotoxin; 1b: Etoposide; 1c: Teniposide

E 1. RESERENMETEMNUELSE. la: RESH; 1b:
RITIAE; lc: BRIAHE
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Figure 2. Virtual design of podophyllotoxin (2a) and N-benzyloxycarbonylglycine-L-proline (2b)
E 2. REAZEQa)5 N-FEHEHEH-L-HRERCHHERITHREE

2. XHEESCLY
2.1. My FIRT AR

X H ChemBioDraw Ultra 14.0 Z:%#/N> T, H ChemBio3D Ultra 14.0 #4TRe B /M, ¥ Minimum
RMS Gradient % &5 0.001, /N TARTEN mol2 #3. EMMALIF /N> TS5\ AutodockTools-1.5.6 3
TN WHEBR . SRCHEA . WEAEERERAN “pdbqt” # .

2.2. EANEREALE

M PDB (http://www.rcsb.org/) 54 T  FAPo B§(PDB ID: 1Z68)[ &AL, 1§ PyMoL (2.3.0)3
% FAPa B JRIGICAARIK 737, K& E S AutoDocktools (v1.5.6)HHATINE. M 2 RCHAT . 35
TE SR T RBIRAT N “pdbat” #%K.

2.3. SYLHHER

P x =38.033, y=0.39, z=69.392 AR 4% AT HIR/ANEEN 80 x 80 x 80 (AN s () [H]
FN 0.3758), HRSHNBIANGE.
2.4. BERAWFE

oy F 5t Ji % (Molecular docking method) 2 I8 it £ 2 T 5 2 J5 B0, 431 1 J L AT 45 44 0 431 [|] 4 FH
JIHRAEAT 53 [0 AH AR R VR 3 I T SZ AR - AR B G S50 . ARSE5 R A Autodock vina AT 70
T REPLGRIE, Autodock vina LAZE & B (affinity) R RN T HHE AL G, 466/ T 0%
INrFEEEATHEHES, BEB/NES R AT R 12] [13]. R, R PyMOL #1 Ligplot X}
SE4 Re(affinity) BT 5 AL & 403047 A0 ELAE B 4317 o

3. ERESH
3.1. FTEIES

K BRI R M 5 3%, FEiH3R45 134 A Linker fL22458 . Hodr, Affinity ¥F4> /N F-9.5 keal/mol
ISR 30 A4S, RESMRRE S EMSE MK 3. % 1.
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Figure 3. Diagram of coupling structure between podophyllotoxin (2a) and
N-benzyloxycarbonylglycine-L-proline (2b)
E 3. REASHQa)5 N-FTaEREHEM-L- AR EESHTEE

Table 1. Virtual molecular structure with Affinity score less than —9.5 (Affinity unit: kcal/mol)
& 1. Affinity 7453 /NF-9.5 BIB9S FLEH(Affinity B2{I: kcal/mol)

Be Affinity {8 g 5 Affinity {8 g
78 -10.1 -CH,CH(CI)CH(OH)- 104 -9.7 -CH,CH(OH)CH(NH,)-
29 -10.0 -CH,CH(CI)CH,- 105 -9.7 -CH,CH(NH,)CH(OH)-
47 9.9 -C(NH,)(CH;)CO- 112 -9.7 -CH(SH)CH,CH(NH,)-
43 9.9 -C(OH)(CH;)CO- 6 -9.6 -CH(OH)CH,-
49 9.9 -CH(CH,0H)CO- 31 -9.6 -CH(SH)CH,CH,-
61 9.9 -CH,COCH(NH,)- 39 -9.6 -CH(CH;)CH(OH)-
85 9.9 -CH(CI)CH,CH(NHS,)- 58 -9.6 -CH(OH)COCH,-
Gly 9.9 -COCH,NH- 59 -9.6 -CH,COCH(OH)-
102 -9.8 -CH(NH,)CH,CH(OH)- 60 -9.6 -CH(NH,)COCH,-
103 -9.8 -CH(OH)CH,CH(NH,)- 62 -9.6 -CH(SH)COCH,-
12 -9.7 -COCH,- 66 -9.6 -CH(NH,)CH,CO-
35 -9.7 -C(NH,)(CH3)CH,- 114 -9.6 -CH,CH(SH)CH(NH,)-
53 -9.7 -COCH,CH(OH)- Asp -9.6 -COCH(CH,COOH)NH-
74 -9.7 -CH(OH)CH(CI)CH,- Thr -9.6 -COCH[CH(OH)(CH;)]NH-

75 -9.7 -CH(OH)CH(CI)CH,- Pro 9.6 o :_\
87 9.7 -CH,CH(C)CH(NHS,)- N—

o SR BUC I S AR 4-OH ME, fidm 5 N-"N U H 2 Bt-L- Il 2R I RS

3.2. GRUTRLKEEEERER ST

PRAE PRI, JEEL Affinity ZMERT LML S YI0T 58 78+ 29, 47, 48, 49 Mtb&Wn) it
1T IR KA BAE AR A0 HT . 45 SRR B, HAME I BRI 15 FAPa BRI 2 AR ZEIREIE 705l
HA 2L SR E (2 2). B, P50 78.47.48.49 RIS T8 53 5 7] LU FAPa B Tyrl13.
Leul53. Leul05 25 FEMRIRIEI A . Vil IX LML &GS FAPa BEA IR IFIES & 1F . B &Rk
Sy AT AR S P TSR 9 )

W58 78 29, 47, 48. 49 RS> 173 5 FAPa BEAH AR ATRAL 73 sl B, k40001
SR RAS RSB, JIFEE S FAPa i Trpl55. Serl56. Prol57. Trp214 ZF& FERRAR AT A
BABKIEH. FAPa BERESFMERYI(N-F 2R H 2 BE-L- 2R F 25 Lys209. Tyr126. Try210.
Thr208. Tyr124 SFhkIEAL i HABKIEH . i U v 3% 82 - By(BP Linker)5 Tyr113. Leul53.
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Table 2. Interaction of compounds with FAPa enzyme in the first five Affinity scores
% 2. Affinity SMERT LSS FAP« BERIEEIER

Fs

78

29

47

48

49

5 FAPo SREFE SN S

5 Tyrl13 i, i 2.85A,

T

5 Leul05. Tyr113. Leul 53 JE =S,
KA RN 2.95A, 2.97A. 3.28A.

5 Tyr113. Leul05 L MaGE, K
54 3.07A, 2.85A.

5 Tyr113.Leul53. Leul 05 JE VU EE,
B9 2.97A, 3.20A. 2.98A. 2.87A.

5 FAPa BREBKIERSL A

5 Cys154. Trp155. Serl56+ Trp214(78-29-48) Prol07. Prol57. Ile62.
Leul05. Asn60. Asnl02. Glyl04. Tyrl126. Lys209. Tyr124. Thr208.
Tyr210 Z [BFETEBIKIE .

5 Thr208. Tyr124. Tyr126. Asn102. Tyr113. Glyl104. Leul05. Asn60.
Ile62. Prol07. Trpl55. Serl56. Prol57. Trp214. Cys154. Tyr210.
Lys209 [BfA7EGKAE -

55 Tyr126. Tyr152. Tyr210. Lys209. Thr208. Tyr124. Cys154. Tyr214.
Pro157. Trp155. Ser156. Prol107. lle62. Glyl04 Z [AI{Z7EERKAE

5 Tyr124. Tyr126. Lys209. Tyr152. Glyl04. Ile62. Serl156. Trpl155.
Prol07. Prol57. Trp214. Cysl54. Asn60. Tyr210. Thr208 2 [BIf7-7E
BiKAEH .

5 Cys154. Tyrl55. Ser156. Tyr214. Prol57. Prol07. Tyrl24. Ile62.
Tyr210. Thr208. Lys209. Tyr126. Tyrl52 2 [AIfFAE BT KAEH .
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Figure 4. Results of molecular docking with FAPa enzyme in the first five Affinity scores. A: FAPa enzyme structure; B:
molecule 78; C: molecule 29; D: Molecule 47; E: molecule 48; F: 49 molecule
4. Affinity SMERIEM S F5 FAPa BEXHELER. A: FAPo B§45H; B: 78 S9F; C: 29 849F; D: 4724

F; E: 859F; F: 959F
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T FAPo BfeSFVE sl TR R, & — MERRAIF PRI A . B H AT X TGS FAPa
BRI BT AR 250 5 T %, AR WATATAE SRR 2T T, 246K 2 B0% 25 T IE A7 AR I PR AT Sl
IRWFFEI B BRI, BFRET FAPa B B A EE IR & L.

P8 (Linker) 24 22 B S B R AR 702 —, H Gly. Ser. Pro. Ala. Thr 5% &R
e R A Linker, JUHZ Gly. Ser IS N2 [15]. Gly fEFTA 2R h v 2/, BAF
PR, FMERL, HASHWMELE QMM RATIRE, RN 15]. RN, Linker 45 & A
) — N EHEEF R, W Linker KK, 2FARSRAT HARTHE M. ik HEE I Linker, M
AT RER AN 7T A B AT 3 B AE S T B 15] 0 %5 T K&K Linker JEAT 25 &1 ¥4 18 DL & Linker
K BGT R AE YNSRI, AR SCEEAT ML, KRR 5 FAPa BARF 57 VR (N-F gk
HEBE-L-E ) 2 M Linker ZHIHK N 3~4 MU, RARERS 134 MEMS T, IS TH
AmMyﬁWT7out Bt JE 0T Affinity {8 AT 7oA S Pt 01 B AT iR AT, E— 2B T

XUEEE 5 FAPo BEIMSE A1 0L, A FAPo BRSO Q0 I8 = BRI BT A 259 40 1 IO T R AR STt
R A, 5 SRR FCI0 77 a0 1 S DA, 3R a2 2 4 1 B SR

e HE

FOMNE R RITE (B RS 2R A[2020]11Y397 5); 38 i RHSE TR E GE RS+ 7[2018]37 5);
4= [E K 2E ARV I H (2020QDS010 ).
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