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3D Phar macophore Model Construction of DPP-IV Inhibitors
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Abstract: The 3D pharmacophore model of DPP-IV inhibitors was established using the Discovery Studio software
with the training set of 20 DPP-IV inhibitors. The best pharmacophore hypothesis (Hypo 1) consists of one hydro-
gen-bond acceptor, one hydrophobic point, one positive ionizable group, one aromatic ring as well as five excluded
volumes. Fischer’s validation clearly shows that proposed Hypo 1 has highly predictive ability and can be efficiently
used as a 3D query for virtual screening to retrieve potential inhibitors from ZINC databases. The hit compounds sub-
sequently were docked into the DPP-IV active site and 21 compounds were obtained based on PLP2 scoring function.
Therefore, this study could provide scientific basis for denovo design of DPP-IV inhibitors.
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Figure 1. The chemical structuresof DPP-1V inhibitorsin thetraining set
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Table 1. Results of the top 10 phar macophor e hypotheses
* 1L 10 M EENHREIER

Number RMS* r ACost Features®
Hypol 0.948 0.977 172.623 HBA, HY, PI, RA, EV
Hypo2 1.010 0.973 172.539 HBA, HY, PI, RA, EV
Hypo3 1.396 0.949 162.599 HBA, HBD, RA, EV
Hypo4 1.827 0912 145.932 HBA, HY, PI, RA, EV
Hypo5 1.886 0.906 145.161 HBA, HBD, RA, EV

Hypo6 1.924 0.902 143.5 HBA, HBD, RA, EV

Hypo7 1.986 0.895 141.802 HBA, HBD, RA, EV
Hypo8 1.961 0.898 140.378 HBA, HBD, RA, EV
Hypo9 2.072 0.885 139.956 HBA, HBD, RA, EV
Hypo10 1.972 0.897 138.964 HBA, HY, PI, RA, EV

a: RMS, root mean square deviation, the deviation of the log (estimated activities)
from the log (experimental activities) normalized by the log (uncertainties)'’; b:

HBA: hydrogen-bond acceptor; HY: hydrophobic point; PI: positive ionizable;

RA: ring aromatic; EV: excluded volumes; HBD: hydrogen-bond donor.

a: RMS, BU5iize, AN se BEO SUE A — P i S Ben 43 e 5 Fs

PERT BB I 2E: b HBA: A2 HY: Bi/KER: PL IEHRATE T

s RA: FFEI; EV: HEERIAHR; HBD: ZOLA.

HBA: green; HY: blue; PI: red; RA: yellow; EV: gray

Figure 2. The optimal pharmacophore model Hypo 1 and super po-
sition with compound 1
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Table 2. The matching of training set compoundswith Hypo 1
+® 2. NEERHAYSEE Hypo 1 FILELFZEE

Name Act Est  Fitvalue Actscale Estscale Error* Refer.

1 0.92 0.47 8.01 +H+ +++ -1.95 8
2 35 3.14 7.19 +++ +++ -1.11 11
3 6 9.13 6.73 -+ o+ +1.52 5
4 7.5 10.45 6.67 +H+ +H+ 1.39 12
5 26 10.78 6.65 +++ +H++ -2.41 6
6 13 13.14 6.57 +++ +++ +1.01 12
7 13 16.92 6.47 ++ o+ +1.30
8 4 17.44 6.44 ++ o+ +4.36 7
9 23 20.04 6.38 +H+ +++ -1.15
10 18 30.77 6.19 +++ +4++ +1.70 13
11 22 33.39 6.16 +++ +++ +1.52 6
12 33 49.21 5.99 ++ o+ +1.49 14
13 1100 4409 5.04 ++ ++ -2.49 5
14 1110  467.6 5.02 ++ ++ -2.37 15
15 480 486.9 5.00 ++ ++ +1.01 5
16 280 698.7 4.84 ++ ++ +2.50 16
17 3900 981.9 4.69 ++ ++ -3.97 17
18 7200 8933 3.73 ++ ++ 1.24 14
19 18600 16940  3.46 + + -1.10 11
20 54000 50955  2.98 + + -1.06 5

a: The Error column shows the ratio of estimated activity to measured activity (or
the ratio of Active/Estimate, if that gives a number greater than 1, in which case
the number is negative).

a: Error {H A2 SEI0 G PEAN TN E PR LUAB o 2 SEB0s M L O G 12 KR, g
LR/ TNEE, BONSUE: Rz, TRE L SeieENE, AIEME.

12 ¢
10

R=0.97

logEstimate

logActive

Figure 3. The correlation curve of the experimental activitiesand
estimated activitiesin training set
3. UNZREE P STMSE M 5 TS 1 A 1E S 2%

Table 3. Results from Fischer validation

%% 3. Fischer XX IF4R

Trial No. Total cost r Trial No.  Total cost r
Unscrambled 83.774 0.977 - - -
1 134.147 0.857 11 138.48 0.841
2 109.908 0.943 12 102.778 0.959
3 138.202 0.837 13 149.002 0.832
4 148.47 0.805 14 111.153 0914
5 130.47 0.855 15 150.166 0.789
6 111.709 0.896 16 139.607 0.845
7 108.463 0.944 17 120.153 0.887
8 157.041 0.819 18 170.508 0.743
9 121.551 0.873 19 107.181 0.929
10 205.767 0.578 - - -
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Figure 4. The chemical structures of thetest set compounds
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iR R o AR SO R FU I IE IR AR L 7,

ZINCP g — AN 8% 1) ki 0L e $U 2, 4055 460
ANEA RV E Y. R 258 AL Hypo 1 %
ZINC i b 87,337 MEA W)@ Ligand Pharma-

cophore Mapping #&Ht 3t 4T ILAL, ¥ & Maximum Table 4. Theresults of thetop 21 compounds and their estimated
. N o N activities given by Hypo 1
Omitted Feature {64 0, F4R T H2EAG DPP-IVHIHE ® 4. ERFREBEIN 21 ML AMRETNEM
PRI A, W15 43 2 TS /N T 10 nmol- L' 14k — E— Firvalna Tim
A 1369 4>, ZINC52961142 0.049915 8.98707 102.46
. . N N . ZINC14988730 0.102882 8.67296 95.91
BT ERRESRERZ, AT H—DaIK ZINC33334472 0.594758 791096 9528
HeAk A1 DPP-IVIEHENT S HAER, 4R DS ZINC20859138 0.61609 7.89566 94.53
. . N \ ZINC13769326 0.198493 8.38756 94.24
H LigandFit HR3% 33| DPP-IVHEMEAL . LK ZINC13787128 0.40912 8.07345 93.73
PDB é& ?E E |:':| E{J DPP- IV EIEEI ’TZ': E é q:% (PDB ID: ZINC12024495 0.489004 7.99599 93.63
. . - ZINC02645227 0.930201 771672 93.16
2HHA). F|H LigandFit H#2£4t[ Find Sites as Volume ZINC14538834 0.497576 7.98844 93.03
. S SR i AN ZINC08630534 0.94546 7.70966 92.83
of Selected Ligand & SUIRIEALRL. ARIE-PLP2 PPI3BA ZINC52961143 0.109409 8.64625 92.44
Um0 > 90 FIfb & 21 NG 4). H3T4 ZINC16523709 0.98261 7.69292 91.97
N e ZINC27549215 1.20592 7.60398 91.75
FRA R AL TP ZINCS2961142 5253 BITLRCA R ZINC23983636 231882 732003 91.3
K 5, 5 DPP-IViGMA dfistig Rl 6, Wilig ZINC46129896 6.65433 6.8622 91.16
_ ~ ZINC39659538 5.6556 6.93282 91.1
P2 0.05 nmol-L™". AL & IIIHIE A fr it —25 ZINC16523707 0.762057 7.80331 91.05
W9t ZINC15100317 0.557344 7.93918 91.01
. ZINC52961071 021232 835831 90.4
He 2k 5};;@%@%, DR A < 4 0 {%@J E‘Jiﬁ(ﬁt? ZINC40105446 0.140271 8.53833 90.1
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Figure5. The superposition of compound ZINC52961142 with
Hypo 1
B 5. &4 ZINC52961142 58 Hypo 1 HIRAER

The overlay of compound ZINC52961142 (gray) and the inhibitor (yellow) in
X-ray crystal structure (PDB code: 2HHA) shows the same orientation in the
DPP-1V active site.

Figure 6. The orientation of compound ZINC52961142 in the active
site of DPP-IV
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Figure 7. The flow chart showing sequential virtual screening
methods used in this study
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Figure 8. Alignment of Hypo 1to DPP-IV active site and the ligand
in crystal complex 2HHA
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