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Discovery of novel EphB4 inhibitors based on pharmacophore modeling and

virtual screening techniques
SHAO Xin', YI Qianying’, YANG Chunlei'*
"College of Life Sciences;” College of Chemical Engineering, Sichuan University, Chengdu 610065, China

Abstract The objective of this paper was to discover new potent inhibitors against EphB4 for cancer therapy via
computer-aided drug design strategies including 3D-QSAR modeling, virtual screening and molecular docking.
The first step was to generate pharmacophore models based on Catalyst/HypoGen algorithm. The best model,
Hypol, had the highest Correl value (0.96), the lowest RMS value (0. 89), the closest total cost (101.26) to
fixed cost (89.20), and the best Acost (89. 14). Subsequently, Hypol was subjected to test set validation and
Fischer's randomization verification and was then used as a 3D query to screen database. In order to further nar-
row the number of hits, drug-likeness screening and molecular docking techniques were applied. Finally, 23 novel
molecules with diverse scaffolds were selected as possible candidates against EphB4 for further studies based on
predicted activity analysis, docking scores, and binding mode analysis.
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Table 1 Ten pharmacophore models and their statistical data by HypoGen run

Hypothesis Correl value RMS* Total cost Acost” Chemical feature

1 0. 96 0.89 101.26 89. 14 HBA,HBA ,HBD,HY
2 0.92 1.21 107. 86 82.54 HBA,HBA ,HBA ,HY
3 0.92 1.18 109. 40 81.00 HBA ,HBA ,HBD,HY
4 0.91 1.27 110. 74 79. 66 HBA ,HBA ,HBA /HY
5 0.90 1.32 111.47 78.93 HBA,HBA ,HBA,HY
6 0.89 1.41 114. 63 75.77 HBA ,HBA ,HBA HY
7 0.89 1.42 114.78 75.62 HBA ,HBA ,HBA HY
8 0.89 1.43 115.26 75. 14 HBA,HBA,HY ,HY ,HY
9 0.87 1.53 119. 13 71.17 HBA,HBA, HBD, HY
10 0.85 1. 61 121.73 68. 67 HBA,HY,HY,RA

Configuration value equals to 15. 50, fixed cost equals to 89. 20 ,and null cost equals to 190. 40;

“RMS represents root mean square deviation;” Acost is the difference between null cost and total cost

Figure 3 Pharmacophore model of EphB4 generated by HypoGen and training set molecules

A'; Best predictive model Hypol ; B:3D spatial relationship and geometric parameters of Hypol ; C: Hypol aligning with the most active molecule 1 (1Cy,
=0.0016 pwmol/L) ;D: Hypol aligning with the least active molecule 25 (1C5, =50.0 pmol/L). HBA, HBD and HY are color coded by green,

magenta and cyan respectively

Table 2 Statistical data of training set molecules based on Hypol

Compd.  Experimental 1C5,/ ( pmol/L) Predicted IC5y/ ((umol/L) Fit value Error Experimental scale  Predicted scale
1 0. 002 0. 001 9.74 -1.4 + + + + + +
2 0. 047 0. 126 7.70 2.7 + + + + + +
3 0.051 0.128 7.69 2.5 + + + + + +
4 0. 059 0.121 7.72 2.0 + + + + + +
5 0. 082 0.125 7.70 1.5 + + + + + +
6 0.110 0. 127 7.70 1.2 + + + + + +
7 0.114 0. 321 7.29 2.8 + + + + +
8 0.133 0. 125 7.70 -1.1 + + + + + +
9 0. 190 0.115 7.74 -1.7 + + + + + +
10 0.213 0. 250 7.40 1.2 + +
11 0.230 0.114 7.75 -2.0 + + +
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( Continued )
Compd.  Experimental IC5y/( wmol/L) Predicted ICsy/ ((umol/L) Fit value Error Experimental scale  Predicted scale
12 0.240 0. 504 7.10 2.1 + + + +
13 0. 350 0. 760 6.92 2.2 + + + +
14 0.370 0.203 7.49 -1.8 + + + +
15 0.389 0.182 7.54 -2.1 + + + 4+ +
16 0. 460 0.534 7.07 1.2 + + + +
17 0.518 0.379 7.22 -1.4 + + + +
18 0.538 0. 366 7.24 -1.5 + + + +
19 1.6 0. 766 6.92 -2.1 + + +
20 1.9 3.350 6.28 1.8 + +
21 2.9 3.398 6.27 1.2 + +
22 5.3 2.937 6.33 -1.8 + +
23 10.5 5. 006 6. 10 -2.1 + +
24 13.96 6.073 6.02 -2.3 + +
25 50.0 33.908 5.27 -1.5 + +
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Figure 6 Superimposition of crystallized and docked conformations in
GOLD. Green and cyan sticks represent crystallized and docked confor-
mations respectively
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Figure 7 2D structures of twenty-three potential inhibitors of EphB4

Figure 8  Superimposition of six potential inhibitors of EphB4 and Hypol. A-F represent ZINC12491015, ZINC20097793, ZINC02116531,

ZINC06321384 ,ZINC30761640 ,and ZINC32124452 , respectively
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Figure 9

Binding modes of the molecules with EphB4. The yellow sticks in A-F represent compound ZINC12491015, ZINC20097793,

ZINC02116531,ZINC06321384 ,ZINC30761640 , and ZINC32124452 respectively. Cyan, green and magenta sticks represent key amino acids combined
with ligands. Dash yellow lines represent the H-bond between ligand and protein
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Table 3  Statistical data of 23 potential inhibitors and the native ligand
of EphB4

No. Name Fit value GOLDScore
1 ZINC12491015 9.59 79. 67
2 ZINC04415934 9.39 72.83
3 7ZINC13425238 9.05 72.38
4 ZINC04083305 9. 66 71.42
5 ZINC20097793 9.89 75.69
6 ZINC04411391 9.80 75.02
7 7ZINC12472748 9.81 72.27
8 ZINC12708927 9.82 71.45
9 ZINC12709291 9.96 71.42
10 ZINC06074361 9. 64 71.29
11 ZINC12708995 9.41 71.06
12 ZINC02116531 9.71 75.20
13 ZINC02097595 9.00 73. 60
14 ZINC02116530 9.53 71.53
15 ZINC06321384 9.34 73.79
16 ZINC57589903 9.41 73.33
17 ZINC57589929 9.49 72.07
18 ZINC00913315 9.58 72.01
19 ZINC20761640 9. 64 74.29
20 ZINC20761601 9.63 72.78
21 ZINC20763088 9.42 70. 80
22 ZINC32124452 9.50 76. 06
23 ZINC70701504 9.45 74. 67
24 Native ligand 8.08 67.90
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