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Abstract

Indole derivatives are reported in the literature for their excellent kinase inhibition activity, so understanding their structural
requirement is important. For their further development, ligand-based pharmacophore, atom and field-based 3D-QSAR,
and ADME studies of the 3, 5-disubstituted indole derivatives were carried out. Ligand-based pharmacophore, atom and field-
based 3D-QSAR models were developed using the Phase module of Schrodinger suite. In silico ADME and drug-likeness
properties were studied using the Quikprop module of Schrodinger suite. Five-point pharmacophore model (DHRRR 1) with
one hydrogen bond donor (D), one hydrophobic site (H), and three aromatic rings (R) was developed. 3D-QSAR models yielded
with good statistical results as the models were characterized by PLS factors 4 and validated by parameters like R%, R? CV,

Stability, F-value, P value, RMSE, Qz, and Pearson-r.
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Introduction

Proto-oncogene serine/threonine-protein kinase (Pim-1) is an
enzyme that is encoded by the Pim-1 gene [1, 2]. Pim proteins
are of three forms Pim-1, Pim-2, and Pim-3, which regulate
various signaling pathways in the development of cancer. [3]
Pim kinases are often activated in various downstream sub-
strates that are thought to contribute to tumor growth and sur-
vival in both hematologic and solid cancers [4]. The Pim-1
oncogene is identified as being the locus most frequently trig-
gered by the Moloney murine leukemia virus in relation to
murine T cell lymphomas [5].
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Pim isoforms have different levels of expression and dis-
tinct roles. All three Pim genes in cancer, there is compelling
evidence of a compensatory mechanism [6-9].

Adenosine triphosphate-competitive Pim inhibitors, SGI-
1776, AZD1208, TP-36544, and LGH447 are in clinical trials
for the treatment of acute prostate cancer, myelogenous leu-
kemia, and lymphoma (Fig. 1) [10].

Indole derivatives are widely studied for their kinase inhib-
itory activity as reported in literature. [11—14] The novel series
of meridianin C derivatives reported in the literature [15] and
have shown strong inhibitory activities against Pim-1 and
Pim-3 kinases that encouraged us to study 3D QSAR of these
compounds.

3, S-disubstituted indole derivatives as Pim kinase inhibi-
tors were selected for 3D QSAR study because authors noted
that the electronic properties of the substituents on the phenyl
ring did not have any significant effect on the inhibitory func-
tion of compounds [15] and the 3D QSAR model can reveal
features influencing the activity. It was also stated by the au-
thor that the inhibitory activity, in particular for Pim-2 kinase,
depended on the position of the substituent [15].

Indole derivatives, specifically 3,5 substituted and
meridianin C derivatives have been in focus as Pim kinase
inhibitors [11, 16—18]. The development of the QSAR model
can direct further lead optimization in Pim Kinase inhibitor’s
discovery by studying their features viz. steric, electrostatic,
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Table 1 Structure and their ‘drug-likeness’ properties

Sr. [R'| R’ R’ R* [Rotor | Mol. | LogP | PSA | HBD | HBA | Rule
No. Wwt. | O/W of
five
1 |H| H CH; H 5 37148 3.68 | 53.09 | 2 5 0
2 | - - CH;CH,0 - 4 33236 256 | 90.79 | 3 5 0
3| - Me;N(CH,),NH - 6 [37444] 164 [101.89] 4 | 75 | 0
4 |H| CH; H H 5 [37148] 390 | 51.86 | 2 5 0
5 |H| H CF; H 5 [42545/] 441 | 53.04 | 2 5 0
6 | H| CF; H H 5 [42545/] 433 | 5285 [ 2 5 0
7 |H| H NH, H 6 |37247] 249 | 7946 | 35 | 6 0
8 | H| NH, H H 6 |37247] 274 | 7841 | 35 | 6 0
9 |H| H CN H 6 |38246] 269 | 7887 | 2 | 65 | 0
10 [ H| CN H H 6 [38246[ 3027842 ] 2 |65 ] 0
11 |H|] H OCH; H 6 |38748| 361 | 6174 | 2 | 575] 0
12 | H | OCH; H H 6 [387.48] 380 | 6063 | 2 [575] 0
13|H| H OCF; H 5 [42545/] 441 | 53.04 | 2 5 0
14 | H | OCF; H H 5 [42545/] 433 [ 5285 | 2 5 0
15/ H| H F H 5 [37544] 3.64 | 53.09 | 2 5 0
16 |H| F H H 5 37544 401 | 5266 | 2 5 0
17 | F| H H H 5 [37544] 383 | 51.07 | 2 5 0
18| H| H CeHs H 6 |433.54] 513 | 53.18 | 2 5 1
19| H| H SO,CH; H 6 |43554] 233 [ 9122 | 2 9 0
20 [H| H SO,NH;, H 7 [43653] 136 | 1184 | 4 [ 95 | 0
21 | H| CF; W N - 1 [42344| 466 | 5308 2 | 45| 0

N/
22 | H| CF; | MeN(CH,),0 - 5 42644 473 | 4727 | 1 45 | 0
23 | H| CF; | MeN(CH,);0 - 6 | 44046 | 531 | 4729 | 1 45 | 1
24 | H| CF - 3 43845/ 5.03 [56.413] 2 4 1

3 HN\/:>70}F

25 | H| CF; | Me,N(CH,);NH - 6 43948 498 | 5261 | 2 5 0
26 | H| CF; | Me;N(CH,);NCH; - 6 |453.50 | 5.68 | 40.85 | 1 5 1
27 | H| CF; | Me;N(CH,),NCH; - 5 143948 5.17 | 4095 | 1 5 1
28| F| H "L“ - 1 [37338]380[8.22] 2 [ 45 ] 0

O,

o

H
29 | F| H OHCH,CH, - 4 [33336] 3746014 2 | 42| 0
30| F| H K\N% - 1 38745 413 [ 5184 2 [ 45| 0

HNJ
31| F| H HZNUA - 2 [387.45] 406 | 6141 | 3 4 0
32|F| H H,N(CH,),NH - 5 [34739] 288 | 7328 | 4 4 0
33 | H| CF; F H 5 [44344| 488 | 5254 | 2 5 0
34 |H| F CF; H 5 [44344| 451 | 53.14 | 2 5 0
35 | H| CN NH, H 7 139748] 209 | 1032 | 35 | 7.5 | 0
3 | F| H H CN 6 |40045| 33 | 6832 2 | 65 | 0
37| F| H H COOH | 6 [41945] 097 | 1032 | 3 7 0
38| F| H H CHCH; | 6 [41748] 357 | 71.71 | 2 7 0
39| F| F H H 5 139343] 406 | 51.69 | 2 5 0
40 | F| H NH, H 6 39046 | 285 | 7726 | 3.5 | 6 0
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Fig. 1 Pim kinase inhibitors in
clinical trials [10]

AZD1208

hydrophobic, H-bond Acceptor, and H-bond Donor in three-
dimensional space. The aim of the study was to disclose the
minimum structural requirements for Pim kinase inhibitors
based on the indole nucleus that may guide the rational design
of potent compounds.

In the present work, the pharmacophore and 3D-QSAR
models of 3, 5-disubstituted indole derivatives were generated
and validated using parameters like R?, QZ, RMSE, Pearson
R, and F value. Also ‘Drug likenesses and ADME properties
of molecules were evaluated.

Selection of Pim kinase
inhibitor for study

3D optimization and energy
minimization of structures

Pharmacophore modelling
& Structural allignment

3D QSAR
(Field & Atom based)

Analysis of contour maps
for SAR study

In Silico ADME analysis

Scheme 1 Flowchart for the strategy used in the study.
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Materials and method

All the molecular modeling work was carried out using the
Schrodinger Suite [19, 20].

Selection of ligand library for developing 3D-QSAR
studies

All the selected 3,5-disubstituted indole derivatives were
taken from the literature [15] (Table 1). The structures of
ligands were drawn using 2D sketcher of Schrodinger
maestro 2019-3. Structures were optimized for using
LigPrep module® where the structures converted to 3D
and energy-optimized using OPLS2005. Least energy
conformation was generated for ligands at pH 7.2 using
Epik, in the LigPrep module with all other default
options.

Data set for modeling the atom-based and field based
3D QSAR studies

For developing an atom and field-based QSAR model, the
data set comprised of 40 compounds was selected. All the
models were developed through a random selection of training
and test set into ratio, 70:30%, respectively, by PHASE
module”.

Pharmacophore modeling

A minimum of four to a maximum of five pharmacophore
features were selected for the development of the
pharmacophore hypothesis. A hypothesis difference crite-
rion was kept at 0.50 defaults. There were 8§ actives and
32 inactive. Among the hypotheses developed, the top-
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Fig. 2 Pharmacophore model
DHRRR _1 for PIM kinase i 6.08
inhibitors a: Model with distances
among the features, b1: most
active ligand 40, and b2: least
active ligand 37. H-bond donors /
(D)- Blue, hydrophobic (H)-
Green, and aromatic rings (R)-

—
—
—
———
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Fig. 3 Markush structure of H
compounds N
\ N_ _R

ranked hypothesis was selected on the basis of survival
score.

3D QSAR

All ligands were superimposed upon each other by utilizing
the Flexible ligand alignment from the maestro. The assign-
ment of training and test set molecules was totally performed
by random splitting into a ratio of 70:30% by software, i.e., 28
training set and 12 test set molecules. The QSAR models were
developed using PLS factor of 4 for atom-based and field-
based QSAR models development. Grids spacing were kept

Predicted Activityl vs. Activity

Predicted Activityl

T T T T T T

60 65 70 75 80 85
Activity

Fig. 4 Actual vs. predicted activity of atom-based QSAR model for Pim-
1 kinase inhibition ((PLS 1)
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as 1 A. Gaussian based field style was utilized for field-based
models which include five features like Gaussian Steric,
Gaussian Electrostatic, Gaussian Hydrophobic, Gaussian H-
bond Acceptor, and Gaussian H-bond Donor. In the building
of field-based models, the steric force field, and electrostatic
force fields were kept at 30.0 kcal/mol.

Absorption, distribution, metabolism, and excretion
(ADME)

ADME predictions were carried out using the QikProp
module.® The pharmacologically relevant characteristics of
many organic molecules were predicted by the QikProp
module.® ADME properties like CYP2C19 inhibition,
CaCo,, CYP2C9 inhibition, CYP3A4 inhibition, CYP3A4
substrate, and percent Plasma protein binding
were investigated in PreADMET online server (https.//
preadmet.bmdrc.kr/) (Scheme 1).

Result and discussion
Determination of pharmacophore

The pharmacophore models were developed on energy opti-
mized and aligned structures of molecules. A common
pharmacophore models were generated for Pim-1 and Pim-3
kinase inhibitors by selecting top 10 most active molecules
based Pim-1 and Pim-3 kinase inhibitory potential and out
of those molecules, 8 compounds (3, 12, 17, 31, 32, 35, 38,
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Fig. 5 Atom-based 3D QSAR
maps for Pim-1 kinase inhibition

and 40) were found common in both the selected sets. These 8
molecules were set as active in the generation of
pharmacophore models. Pharmacophore models were devel-
oped and hypotheses were studied. The selected top-ranked
five-point hypothesis DHRRR 1 based on a survival score of
5.6678, site score of 0.7699 (Fig. 2). All the active molecules
were aligned on selected pharmacophore DHRRR 1 (Fig. 3).

Structures and their drug-likeness properties

All the molecules were subjected to in silico ‘drug-likeness’
analysis as suggested by CA Lipinski [21]. Almost all mole-
cules were found within acceptable ‘drug-likeness’ parame-
ters or ‘Rule of five” except few molecules which are failed to
satisfy drug-likeness because of their predicted logP
values (Table 1).

3D QSAR

Predictive 3D QSAR models were developed and validat-
ed by various software-generated statistical parameters.
Standard Deviation (SD) should not be more than the
standard deviation of actual activities. The model to con-
sidered predictive when R* for the regression (the coeffi-
cient of determination) is above 0.6 and Q* (Q-squared
Value is directly analogous to R-squared, but based on
the test set predictions) is above 0.5. The difference be-
tween R and Q7 is accepted when it is not more than 0.3.
F that is the ratio of the model variance to the observed
activity variance value should be large. P (probability of

error) should be as low as possible. RMSE (Root-mean-
square error in the test set predictions) should be close to
zero for a model to be predictive. Pearson R (value for the
correlation between the predicted and observed activity
for the test set) with a value close to 1 indicates less
scattered predicted activities in the graph of actual vs.
predicted activities [22—24].

The significance of each influencing factor was studied by
evaluating their contribution as mentioned in contribution
charts. Plots of actual vs. Predicted activities reflect the
predictivity of the models (Fig. 4).

Atom-based QSAR for Pim-1 kinase inhibitors

The atom-based 3D QSAR model was developed in or-
der to study structural requirements for Pim-1 kinase
inhibition (Fig. 5). The atom-based QSAR, the maps of
occlusion, are either blue or red or both in the form of
color cubes. The increases in activity were well associ-
ated with blue occlusion cubes in the atom-based
models; while the red cubes associated with decrease in
activtty. It was clearly observed that the region associat-
ed with phenyl ring directly attached with indole shows
the blue colored cubes indicating that electron-
withdrawing functionalities favor the activities where
the region of phenyl ring attached to pyrazine shows
both red and blue maps indicating that the further
electron-withdrawing substituents may favor/disfavor
the activity (1A and 1B). The region around the substit-
uents of phenyl ring directly attached with indole shows
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Table 2  Actual and predicted activities for atom-based QSAR for Pim-1 kinase inhibitors

Comp. No.  Activity Predicted Activity Prediction Error

ICso plCso PLS1 PLS 2 PLS 3 PLS 4 PLS 1 PLS 2 PLS 3 PLS 4
1 0.019 7.721 7.34465 7.30931 7.45323 7.5454  —0.376355 —0.411688 —0.267773 —0.1756
2 0.05 7301 723974 7.41732 7.35548 7.42227 —0.0612551 0.116316 0.0544839 0.121271
3 0.003 8.522 8.12507 8.16566 8.18733 8.29017 —0.396931 —0.356336 —0.334666 —0.231827
4 0.021 7.678 7.90003 7.75804 7.75226 7.76633 0.222235 0.0802352 0.0744551 0.0885256
5 0.067 7.173 7.15232  7.07827 7.20352 7.18525 —0.0206816 —0.0947347 0.0305238 0.0122514
6 0.035 7.455 7.40625 7.04156 7.09059 7.16325 —0.0487475 —0.413436 —0.364411 —0.291755
7 0.008 8.096 8.06855 8.09775 8.14903 8.19465 —0.0274502 0.00174826 0.0530289 0.098653
8 0.019 7.721 7.96515 7.92799 7.90223 7.90189 0.244155 0.206994 0.18123 0.180885
9% 0.033 7481 7.48576 7.42631 7.53645 7.58665 0.00475665 —0.054691 0.0554483 0.105654
10 0.021 7.677 7.94486 7.87044 7.84635 7.82039 0.267865 0.193442 0.169352 0.143386
11* 0.009 8.045 7.60589 7.75309 7.74639 7.67175 —0.439113 —0.291914 —0.298614 —0.373252
12 0.007 8.154 8.08749 8.24111 8.18316 8.0733  —0.066512 0.0871069 0.0291552  —0.0806985
13%* 0.096 7.017 7.15232 7.07827 7.20352 7.18525 0.135318 0.0612653 0.186524 0.168251
14 0.134 6.872 7.40625 7.04156 7.09059 7.16325 0.534252 0.169564 0.218589 0.291245
15 0.022  7.657 7.63707 7.56907 7.64847 7.72925 —0.019934 —0.0879328  —0.00853181 0.0722505
16* 0.03 7.522  7.95919 7.89702 7.87422 7.84307 0.437186 0.375017 0.352222 0.32107
17%* 0.007 8.154 790186 7.85515 7.806096 7.92099 —0.252137 —0.298851 —0.293035 —0.23301
18 0.16  6.795 7.03538 6.95016 7.04714 6.93632 0.240376 0.155156 0.252144 0.141316
19%* 0.021 7.677 7.48843 7.53781 7.53817 7.46831 —0.188565 —0.139192 —0.138825 —0.208685
20 0.009 8.045 8.02616 8.06959 8.05179 8.01136 —0.0188429 0.0245917 0.00679342 —0.0336378
21%* 026  6.585 6.4678  6.83055 6.83269 6.78581 —0.117202 0.245554 0.247693 0.200806
22% 0443 6353 6.75059 6.84685 6.85103  6.74452 0.397592 0.493853 0.498025 0.391518
23 0.307 6.512 6.24613 6.50674 6.52104 6.4511 —0.26587 —0.00526241 0.00904384 —0.0608967
24% 0.187 6.728 6.82503 6.8861 6.88393  6.79566 0.0970302 0.158096 0.15593 0.0676607
25 0.195 6.709 6.5195 6.62077  6.67273  6.62975 —0.189497 —0.0882261 —0.0362744  —0.0792512
26 0209 6.679 6.42561 6.55528 6.61931 6.71884 —0.253393 —0.123717 —0.0596903 0.0398425
27 0313 6.504 6.53577 6.55324 6.54761 6.40999 0.0317651 0.0492363 0.0436145  —0.0940054
28 0257 6.59  6.74632 6.77093 6.60651 6.61021 0.156323 0.180931 0.016515 0.0202077
29 0.885 6.053 631847 6.09775 5.87701 6.03036 0.26547 0.0447458  —0.175987 —0.0226357
30* 0.012 792  7.09652 7.45329 7.42091 7.49244 —0.823476 —0.466715 —0.499087 —0.427563
31 0.007 8.154 7.3601 8.1306  8.16334 8.26553 —0.793903 —0.0233965 0.00934232 0.111528
32% 0.005 8301 7.48619 7.49529 7.46607 7.46945 —0.814806 —0.805707 —0.834927 —0.831552
33 0.144 6.841 7.51366 691756 6.88548 6.83994 0.67266 0.0765613 0.0444837  —0.00105865
34 0.256 6.591 6.84481 6.74617 6.79137 6.62306 0.253811 0.155174 0.200372 0.0320575
35 0.005 8301 835909 839774 8.34069 8.27785 0.0580865 0.0967379 0.0396895  —0.0231489
36 0.009 8.045 8.05167 8.09283 8.0819  8.06113 0.00667399 0.0478315 0.0368965 0.0161298
37 0.023 7.638 7.65405 7.74317 7.63997 7.58571 0.0160466 0.105172 0.00196925 —0.0522902
38 0.003 8.522 822692 8.51168 8.47192 8.42223 —0.295079 —0.0103169  —0.0500793  —0.0997749
39 0.009 8.045 7.90973 7.8685 7.87073  7.92203 —0.135267 —0.176498 —0.174269 —0.122971
40%* 0.003 8.522 8.19643 8.27985 8.27016 8.29117 —0.325574 —0.242146 —0.25184 —0.230835

*Test set molecules

Table 3 Statistical parameters of atom-based QSAR model for Pim-1 kinase inhibition

PLS Factors SD R’ R*CV R* Scramble Stability F P RMSE 0’ Pearson-
r

1 03012 0.8239 0.6213 0.4681 0.897 1216 2.66E-11 0.42 0.6191 0.8248

2 0.1778 0.941 0.6819 0.6655 0.789 1994  432E-16 036 0.7147 0.8857

3 0.1606  0.9538 0.7178 0.8018 0.801 165.1 3.73B-16 038 0.6962 0.8741

4 0.1378 09674  0.7033 0.8741 0.768 1707 9.65E-17 0.35 0.7309 0.8894
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Table 4 Contribution factors of atom-based QSAR model for Pim-1
kinase inhibition

PLS Factors  H-bond donor ~ Hydrophobic  Electron-
withdrawing

1 0.079 0.648 0.273

2 0.087 0.654 0.259

3 0.09 0.648 0.261

4 0.087 0.671 0.242

*Test set molecules
Predicted Activityl vs. Activity
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Fig. 6 Actual vs. predicted activity of atom-based QSAR model for Pim-
3 kinase inhibition (PLS 1)

Fig. 7 Atom-based 3D QSAR
maps for Pim-3 kinase inhibition
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Fig. 8 Actual vs predicted activity of field-based QSAR model for Pim-3
kinase inhibition

the blue color for the hydrogen bond donor region which
indicates favorable for activity (2A and 2B). The hydro-
phobic substituents were well associated with the decre-
ment in activity as seen in the red contours around the
phenyl ring directly attached to indole and incremental
biological activity with longer alkyl chains on phenyl
ring attached to pyrazine (3A and 3B) (Table 2, 3, and 4).

Atom-based QSAR for PIM 3 kinase inhibitors

The atom-based 3D QSAR model was developed in order
to study structural requirements for Pim-1 kinase inhibi-
tion (Figs. 6 and 7). It was clearly observed that the

@ Springer



1682

Struct Chem (2020) 31:1675-1690

Table 5 Actual and predicted activities for atom-based QSAR for Pim-3 kinase inhibitors

Comp. No.  Activity Predicted Activity Prediction Error

1Cs pIlCso 1 2 3 4 1 2 3 4
1* 0.033 7481 6.6259 6.79061  6.76233  6.76863  —0.855102 —0.690392 —0.718668 —0.712371
2 0.05 7301  7.63092 729702 746225 732171  0.329924 —0.00398304 0.161246 0.0207105
3 0.007 8.154 826038 8.01392  8.09939  8.0656 0.106384 —0.140081 —0.0546061 —0.0883987
4% 0.029 7.538 7.51861 7.33188  7.334 741625 —0.0189938  —0.205719 —0.203605 -0.121353
5 0.247  6.607 638733 6.61494  6.60839  6.65856 —0.219671 0.00793737 0.00139256 0.0515565
6 0.069 7.161  7.02045 6.87767 6.90109  7.0198 —0.140546 —0.283326 -0.259905 -0.141199

0.029  7.538 740083 7.56025 7.49743  7.50314 —0.136769 0.0226516 —0.0401749 —0.0344644
8+ 0.04 7398  7.74809  7.65704  7.67381  7.69644  0.350192 0.25914 0.275915 0.298535
9 0.155  6.81 6.78597  6.94577  6.86443  6.84409 —0.0236307  0.13617 0.054834 0.0344865
10 0.06 7222 7.59592 737223  7.3302 735492 0.374117 0.150427 0.108404 0.133122
11 0.03 7.523  7.3994 7.67897  7.51872  7.4448 —0.123395 0.156169 —0.00408315 —0.0779993
12 0.019 7.721  7.73305 7.88281  7.86141  7.8529 0.0120501 0.161806 0.140408 0.131899
13 0236  6.627 6.38733  6.61494  6.60839  6.65856 —0.239671 —0.0120626 —0.0186074 0.0315565
14 0.128  6.893  7.02045 6.87767 6.90109  7.0198 0.127754 -0.0150256 0.00839492 0.127101
15% 0.082 7.086 6.98953  7.08767  7.08107 7.11087  —0.0964666  0.0016708 —0.00492657 0.0248709
16 0.035 7456  7.59177 749829 747574  7.4957 0.135867 0.0423868 0.0198424 0.0397958
17 0.01 8 7.72999  7.72337  7.76316  7.84152 —0.270011 -0.27663 —0.236836 —0.158477
18 0417 638 6.29968  6.54511  6.4214 634211  —0.0801242  0.16531 0.0415975 —0.0376927
19 0.05 7301  7.24415  7.42081  7.3001 725368 —0.0568538  0.119813 —0.000898231  —0.0473177
20 0.026  7.585 7.68074 7.77212  7.68264  7.63498  0.0957433 0.187118 0.0976353 0.0499829
21 0.241 6.618 633865 648144  6.598 6.56725  —0.279248 —0.136462 =0.0199031 —0.0506521
22 0.877 6.057 6.03928  6.08968  6.12262  6.0647 —0.0177245  0.0326777 0.0656233 0.00770309
23* 0905 6.043 650517 645125 642447 6.36411  0.462165 0.408253 0.381473 0.321112
24+ 0.204  6.69 6.6106 6.71568  6.74739  6.73687  —0.0797044  0.0253826 0.057088 0.0465728
25 0368 6434  6.61209  6.5289 6.48208  6.44837  0.177985 0.0947988 0.0479845 0.0142684
26 0475 6323 622763  6.14224  6.18919  6.29198  —0.0956746  —0.181063 —0.134113 —0.0313229
27" 0401 6.397 6.68022 6.66394  6.62445  6.60873  0.283416 0.267143 0.227647 0.211933
28 0273 6.564 695819  6.84772  6.99563  6.96083  0.394394 0.28392 0.431828 0.397031
29 3.05 5516 627783 548736  5.52851 545977  0.762133 —0.0283352 0.012813 —0.0559322
30 0.016  7.795 730796  7.57487  7.78529  7.79179  —0.487045 -0.220128 —-0.0097052 —0.00320989
31 0.011 7959 740419 7.82982 8.07611  8.0358 —0.554407 -0.128778 0.117515 0.0771954
32 0.007 8.154 726437  7.2288 727752  7.24554  —0.88963 —0.925205 —0.876482 —0.908456
33 0.183  6.737 732026 6.84785  6.76221  6.81228  0.582762 0.110349 0.0247143 0.0747808
34 0.589  6.23 6.5832 6.77019  6.7366 6.72731  0.353402 0.540387 0.506804 0.497513
35% 0.01 8 7.87806  7.7663 7.64104  7.62934  —0.121945 —0.233696 —0.358959 —0.370658
36 0.018 7.744  7.69633  7.71572  7.72164  7.76029  —0.0476735  —0.0282801 —0.0223644 0.0162871
37 0.137  6.863 729609 6.99596  6.90911 6.87885  0.433089 0.132958 0.0461133 0.0158484
38 0.007 8.154 7.83039 8.05485 8.04337 8.07439  —0.32361 —0.0991548 —0.110628 —0.0796138
39 0.022  7.657 7.55846 743479 744138 7.50578  —0.098535 —0.222215 -0.215615 —0.151216
40 0.009 8.045 8.00325 8.07774 8.00831  8.02499  —0.041755 0.0327366 —0.0366933 —0.0200137

*Test set molecules
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Table 6  Statistical parameters of atom-based QSAR model for Pim-3 kinase inhibition

PLS Factors SD R’ R*CV R? Scramble Stability F P RMSE ? Pearson-
r

1 0.3055 0.8111 0.5329 0.4911 0.858 111.6 6.66E-11 0.43 0.5876 0.7703

2 0.1437 0.9598 0.5911 0.6856 0.666 298.5 3.57E-18 0.42 0.6064 0.8098

3 0.1034 0.98 0.6559 0.7946 0.701 3924 1.61E-20 0.43 0.5947 0.8042

4 0.0808 0.9883 0.6962 0.8471 0.714 486.2 7.44E-22 0.42 0.6072 0.8031

region associated with phenyl ring directly attached with
indole shows the blue colored cubes indicating that
electron-withdrawing functionalities favor the activities
where the region of phenyl ring attached to pyrazine
shows both red and blue maps indicating that the further
electron-withdrawing substituents may favor/disfavor the
activity and the electron-withdrawing group on alkyl
chain favors the activity (4A and 4B). The region around
the substituents of phenyl ring attached with pyrazine
shows mixed region blue/red color for the hydrogen bond
donor region which indicates favorable/disfavourable for
activity (5A and 5B) (Fig. 8). The hydrophobic substitu-
ents were well associated with the decrement in biological
activity as seen in the red contours around the phenyl ring
directly attached to indole and mixed biological activity
for substituents with phenyl ring attached to pyrazine (6A
and 6C) (Table 5, 6 and 7).

Field-based QSAR of Pim-1 kinase inhibitors

The field-based 3D QSAR model was developed in order
to study structural requirements for Pim-1 kinase inhibi-
tion (Fig. 9). The electrostatic contours (1P) associated
with Gaussian electrostatic fields around shows mixed
blue/red colored region around the substituents of at-
tached to pyrazine ring may favors/disfavours the activity.
The substituent region shown by red color around phenyl
ring attached to indole moiety disfavours the activity with
electrostatic groups. H-bond acceptors around phenyl ring
attached to indole ring shown with red color suggest

Table 7 Contribution factors of atom-based QSAR model for Pim-3
kinase inhibition

PLS Factors  H-bond donor  Hydrophobic  Electron-
withdrawing

1 0.079 0.654 0.267

2 0.082 0.65 0.268

3 0.081 0.664 0.255

4 0.079 0.675 0.246

favored electropositive features and the magenta region
around substituents close to pyrazine indicated
disfavoured region (1Q). The contours for hydrogen bond
donor shows cyan region around the phenyl ring attached
to indole rings indicated disfavourable for activity and
substituents close to pyrazine ring with violet-colored
polyhedron indicated favorable for activity, also it should
be taken into consideration that H-bond donor contribu-
tion in this model is minor (IR). The green contour for
steric groups indicated favorable at the terminus substitu-
ents attached to pyrazine ring but also show disfavouable
around either side of substituents on phenyl ring attached
to the indole structure (1 T). The yellow contour for hy-
drophobic groups indicated favorable at the terminus and
close to pyrazine ring but also show disfavouable for sub-
stituents on phenyl ring attached to indole structure (1S).
The contribution chart indicated the high impact of steric
and hydrophobic regions. The statistical parameters and
field fractions for the developed field-based models were
tabulated and also revealed good results for O* and R*
(Table 8, 9, and 10).

Field-based for Pim-3 kinase inhibitors

The field-based 3D QSAR model was developed in order
to study structural requirements for Pim-3 kinase inhibition
(Figs. 10 and 11). The contours associated with Gaussian
electrostatic fields around shown with blue/red region
around the phenyl ring attached to indole suggests
favorable/disfavourable for the activity. Terminus and
close proximity substituent at nitrogen attached to pyrazine
ring showed by blue color contour suggest favorable
region for the activity with electrostatic groups where red
contour suggests disfavourable for activity (2P). For
Hydrogen bond acceptors magenta colored contour around
close proximity of pyrazine ring disfavors the activity
where the red colored polyhedrons around terminus sub-
stituents attached to pyrazine and phenyl ring attached to
indole are suggesting favored region (2Q). The contours
for hydrogen bond donor shown violet colored region
around the phenyl ring attached to indole ring suggests
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Table 8  Actual and predicted activities for Field-based QSAR for Pim-1 kinase inhibitors

Comp. No.  Activity Predicted Activity Prediction Error
ICsq pICsy 1 2 3 4 1 2 3 4
1 0.019 7721  7.49341 750074 748665  7.54229  —0.227591 —0.220263 —0.234353 —0.178706
2 0.05 7301  7.43852 735652 747931  7.26128  0.137522 0.0555229 0.178308 —0.0397248
ki 0.003  8.522 835651  8.13288  8.17255  8.12527  —0.16549 -0.38912 —0.349446 -0.39673
0.021  7.677  7.72537 749927 751513  7.54802  0.048368 -0.177726 -0.161874 —0.128983
5 0.067 7.173  7.00681  7.00116  6.92617 697447 —0.16619 —0.171844 —0.246828 —0.198534
6* 0.035 7455 750391 740152  7.2867 7.14681  0.0489103 —0.0534837  —0.168296 -0.308195
0.008 8.097 8.2761 8.23209  8.30107  8.34064  0.179199 0.13519 0.204172 0.243738
0.019  7.721 8.03757  7.77266  7.81057  7.81885  0.31657 0.0516625 0.0895719 0.0978549
9 0.033 7481  7.50627  7.48551  7.44983 747224  0.0252728 0.00451014 —0.0311659 —0.00875877
10 0.021  7.678  7.83811  7.64027  7.61446  7.60632  0.160406 —0.0374343  —0.0632361 —0.0713849
11 0.009 8.046  7.85354  8.09388  7.99431 793019 -0.19216 0.0481766 —0.0513909 —0.115512
12 0.007 8.155  8.15615  8.2877 8.2304 8.21668  0.00124834 0.132803 0.0755035 0.0617842
13* 0.096 7.018 7.00681  7.00116 692617 697447 —0.0108904 —0.016544 —0.0915275 —0.0432342
14 0.134  6.873  7.50391 740152  7.2867 7.14681  0.63111 0.528716 0.413904 0.274005
15% 0.022  7.657 7.63652  7.56179  7.5301 7.4799 —0.020981 —0.0957122  —0.127403 —0.177602
16 0.03 7.523  7.79702  7.67323  7.64725  7.6083 0.274217 0.150427 0.12445 0.0855028
17* 0.007  8.155 7.79668  7.61975  7.65012  7.66587  —0.358218 —0.535149 —0.504784 —0.489034
18 0.16 6.796  6.77616 691751  6.79243  6.92988  —0.0196364  0.121709 —0.00336767  0.134079
19* 0.021 7.678  7.623 7.84057  7.69272  7.67016  —0.0547016  0.162869 0.0150187 -0.00753517
20 0.009 8.046 8.02016  8.14251  8.06076  8.07378  —0.0258424  0.0965147 0.0147571 0.0277765
21 0.26 6.585  6.2869 6.44422  6.58279  6.59576  —0.298101 —0.140778 —0.00221234  0.0107612
22% 0443 6354 648579 6.36443 64614 6.58064  0.132293 0.0109264 0.107896 0.227139
23 0307  6.513 637963  6.39791 634774  6.36665  —0.133172 —0.114888 —0.165063 —0.146154
24 0.187  6.728  6.55427  6.79266  6.79563  6.78682  —0.17383 0.0645596 0.0675336 0.0587178
25 0.195 6.71 6.82015  6.75794  6.64677  6.67735  0.110251 0.0480353 —0.0631262 —0.0325492
26 0209  6.68 6.68655  6.5123 6.56493  6.75792  0.00675481 —0.167498 —0.114868 0.0781205
27 0313  6.504  6.8326 6.76064  6.80321  6.96305  0.328204 0.25624 0.298806 0.458653
28+ 0257  6.59 6.72089  6.57672  6.75855  6.6282 0.130891 —0.0132759  0.168554 0.0381963
29 0.885 6.053  6.5561 6.05733  6.20409  6.02411  0.5031 0.00432806 0.151095 —0.0288891
30 0.012 7921  7.17465 7.39752  7.54568 743358  —0.746152 —0.523283 -0.375119 —0.487218
31 0.007  8.155 7.49826  8.10859 831318 8.22884  —0.65664 —0.0463109  0.158278 0.0739444
32 0.005 8301  7.70399  7.97943  8.16308  8.23387  —0.597009 -0.321571 -0.137917 -0.0671275
33 0.144  6.842  7.53491  7.37173 727378  7.18806  0.693314 0.530125 0.432179 0.346465
34 0256  6.592 694169 6.92322  6.80706  6.80864  0.349929 0.331465 0.215302 0.216878
35 0.005 8301 835395 8.13621 822502  8.34325  0.052954 —0.16479 -0.0759783 0.0422461
36 0.009 8.046  8.03307 8.04869  7.99881  7.97251 —0.0126258  0.00298858 —0.0468891 —0.0731855
37 0.023  7.638  7.77826  7.71736  7.59633  7.49062  0.140063 0.0791564 —0.0418685 —0.147584
38 0.003  8.523 827985  8.57537 8.48618  8.44047 —0.242948 0.0525653 —0.0366228 —0.0823294
39 0.009 8.046  7.73842  7.54164  7.55368  7.56164 —0.30728 —0.504059 —0.492021 —0.48406
40 0.003 8523 833158 8.17757 830669 843681 —0.19122 —0.345228 -0.216115 —0.0859868

*Test set molecules
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Fig. 9 Field-based for Pim-1 ki-
nase activity

Table 9  Statistical parameters of field-based QSAR model of Pim-1 inhibition

PLS Factors

SD

R2

RZCV

R? Scramble

Stability

RMSE

Pearson-
r

AW N~

0.291

0.1918
0.1638
0.1343

0.8347
0.9309
0.9517
0.9688

0.6239
0.7256
0.7122
0.7384

0.3582
0.534

0.6743
0.7535

0.892
0.842
0.816
0.808

131.3
168.5
157.5
178.8

1.16E-11
3.09E-15
6.43E-16
5.77E-17

0.35
0.34
0.31
0.34

0.747
0.7618
0.801
0.7568

0.8752
0.9007
0.943

0.9334
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Fig. 10 Actual vs predicted activity of field-based QSAR model for Pim-
3 kinase inhibition

favorable for activity. The contours for hydrogen bond do-
nor shown cyan/violet colored counters around the pyr-
azine ring suggests favorable/disfavourable for activity
(2R). Contours for steric groups suggest disfavourable for
activity around phenyl ring attached to indole and substit-
uents close to pyrazine ring. The contour for steric groups
found favorable around terminus substituents of pyrazine
ring (2 T).The yellow contour of hydrophobic groups close
to pyrazine ring favors activity. The white colored contour
of hydrophobic groups around phenyl ring attached to in-
dole and terminus region of pyrazine substituents suggest
disfavor to activity (2S). The contribution chart suggests
the high impact of steric regions also considerable impact
on the hydrophobic and electrostatic region (Table 13). The
statistical parameters and field fractions for the developed
field-based models were tabulated and also revealed good
results for 0% and R* (Table 11, 12, and 13).
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Fig. 11 Field-based for Pim-3 ki-
nase activity

Statistical quality of models

The QSAR models are considered predictive when R* for the
regression (the coefficient of determination) is above 0.6 and
RMSE should be close to zero or less than 0.5. All the models
have shown RMSE value much below 0.5 and almost all the
models have shown / values above 0.6 that indicates the
models are highly predictive (Table 14).

Biological activity distribution in test and training sets

The minimum Pim-1 and Pim-3 inhibition (Biological activi-
ty) of the test set were greater than or equal to the minimum
activity of the training set, and the maximum activity of the
test set was less than the maximum activity of the training set
for all the developed models. This indicates that the test sets
are within the activity domain of the training set. A higher
mean value of the test set than of the training set indicates
the presence of relatively more potent compounds, as com-
pared to inactive ones (Table 15) [23].

In silico ADMET

CaCo, (gut-blood barrier) and Madin-Darby Canine
Kidney (MDCK) cell permeability is considered Low if
the value was less than 4, average permeability if the
value was within 4~70 and High permeability if the val-
ue was more than 70 and almost all the compounds
found Highly permeable. BBB is a blood-brain barrier

@ Springer

permeability for drugs and acceptable Compounds con-
sidered CNS active if the value of BBB is more than 1.
All Compounds were found CNS inactive as per In
Silico predictions. Also predicted Percent Human Oral
Absorption found 65-100% for all the compounds.
Percent of human intestinal absorption (% HIA) also
found excellent which was around 88-94% (Table 16).

Conclusion

Developed field-based and atom-based QSAR models for 3,
5-disubstituted indole derivatives were found predictive for
their Pim kinase inhibitory activities. The developed models
were validated by using software-generated parameter like R,
0%, RMSE and Pearson R. The results of the ligand-based
pharmacophore hypothesis and atom/field-based 3D-QSAR
revealed detailed structural insights of the novel of 3,5-disub-
stituted indole derivatives as Pim kinase inhibitors which
could be guidance for the rational design of novel potent in-
dole derivatives for PIM kinase inhibitory activity.

Notes *LigPrep, Schrodinger, LLC, New York, NY, 2017.
"PHASE, Schrédinger, LLC, New York, NY, 2017.
“QikProp, Schrodinger, LLC, New York, NY, 2017.
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Table 10 Contribution of factors

in field-based QSAR model for PLS Gaussian Gaussian Gaussian Gaussian H bond Gaussian H
Pim-1 inhibition Factors Steric Electrostatic Hydrophobic Acceptor bond
Donor
1 0.344 0.106 0.263 0.12 0.167
2 0.344 0.112 0.25 0.124 0.17
3 0.314 0.127 0.254 0.115 0.191
4 0.282 0.141 0.255 0.115 0.208

Table 11 Actual and predicted activities for Field-based QSAR for Pim-3 kinase inhibitors

Comp. No.  Activity Predicted Activity Prediction Error

ICso plCso 1 2 3 4 1 2 3 4
1 0.033 7481 7.17897 7.11984 7.20144 7.27322 —0.302435 —0.36156 —0.279958 —0.208176
2 0.05 7.301  7.22896  7.54799  7.32838 7.21183  —0.0720359  0.246995 0.0273835 —0.0891665
3% 0.007  8.155 7.98793  8.0498 7.88443  7.94581 —0.166972 —0.105101 —0.270468 —0.209087
4 0.029 7.538  7.37714 735077 7.27045 7.41309 —0.160455 —0.186825 —0.267154 —0.124515
5% 0.247 6.607 6.71082 6.53359 6.61568 6.63533  0.103523 —0.0737083 0.00838381  0.0280275
6 0.069 7.161 7.24081 7.12078 6.99745 6.96482  0.0797081 —0.0403225 —0.163652 —0.196282
7* 0.029  7.538 7.95877 8.00013 8.01053 8.05791 0.421167 0.462526 0.472934 0.520307
8 0.04 7.398  7.71036  7.71285 7.57801  7.66131  0.312464 0.314946 0.180113 0.263412
9 0.155 6.81 7.14653  7.05209 7.09165 7.10186  0.336527 0.242095 0.281647 0.291855
10%* 0.06 7222 7.50312 745957 7.35362 7.41469  0.281319 0.237774 0.131822 0.192889
1 0.03 7.523  7.54254  7.51421 7.60337  7.4961 0.0197396 —0.00858818  0.0805704 —0.026697
12 0.019 7.721 7.82166 7.83876 7.87679 7.92636  0.100457 0.117562 0.155592 0.205157
13 0236  6.627 6.71082  6.53359 6.61568 6.63533  0.0838229 —0.0934083 —0.0113162  0.00832751
14 0.128  6.893  7.24081 7.12078 6.99745 6.96482  0.348108 0.228077 0.104748 0.0721182
15% 0.082 7.086 7.30751 7.26827 7.2165 7.25075  0.221408 0.182172 0.130405 0.164654
16* 0.035 7.456 7.5194 749663  7.4039 7.46726  0.063497 0.0407317 —0.0520029 0.011357
17%* 0.01 8 7.39774 739792  7.32147  7.46653 —0.602263 —0.602079 —0.678526 —0.533467
18 0417 6.38 6.41498  6.12626  6.4669 6.40972  0.0351788 —0.253539 0.0871013 0.0299155
19 0.05 7.301  7.34526  7.18659  7.32665  7.12298  0.0442634 —0.114411 0.0256509 —0.178023
20 0.026  7.585 7.65679  7.54876  7.6693 7.53167  0.0717938 —0.0362381 0.0843023 —0.0533339
21 0.241 6.618 6.00623 6.28711 6.53716 6.52242 —0.611671 —0.330792 —0.0807368  —0.0954819
22 0.877 6.057 5.99814 597874 6.06611 6.20093 —0.0588634 —0.0782562 0.00911261 0.14393
23%* 0.905 6.043 6.35999 6.20384 6.14698  6.05457 0.31669 0.160539 0.103682 0.0112687
24* 0.204  6.69 6.63736  6.64712  6.82923  6.79231 —0.0529401 —0.0431757 0.138925 0.102005
25 0368 6.434 6.62432 639049 6.33202 6.27412  0.190323 —0.0435142 —0.101977 —0.159877
26 0475 6.323 6.22278 6.08081 6.13605 6.29264 —0.100516 —0.242485 —0.187247 —0.0306554
27% 0401 6.397 648173 638304 6.480635 6.60905 0.0849349 —0.0137645 0.0895502 0.212252
28 0.273  6.564 6.28262  6.62815 6.4971 6.51006 —0.281184 0.0643526 —0.0666957 —0.0537352
29 3.05 5516 591522 6.09707 5.64759 5.56534  0.399515 0.581369 0.131886 0.0496406
30* 0.016 7.796  6.96618  7.3865 7.53277 749764 —0.829622 —0.409298 —0.263035 —0.298157
31 0.011  7.959 7.41098 797326 827665 8.15296 —0.547617 0.0146586 0.318049 0.19436
32 0.007 8.155 7.47 7.77374  7.88867  8.02225 —0.684901 —0.381159 —0.266231 —0.132646
33 0.183 6.737 7.25777 7.1169 6.97408 6.96411  0.520267 0.379397 0.236579 0.226613
34 0.589 6.23 6.64137 641638 6.45494 6.42954 0.411574 0.186579 0.225136 0.199738
35 0.01 8 7.96958 797147 7.92836 8.02269 —0.0304171 —0.0285299 —0.0716439  0.0226927
36* 0.018 7.745 7.67448  7.64507  7.5958 7.63731  —0.070221 —0.0996281 —0.148904 —0.107393
37 0.137 6.863 7.41161 729072 7.05543 6.88839  0.548407 0.427524 0.192226 0.0251934
38 0.007  8.155 7.93543  7.97307 8.04368 8.02966 —0.219473 —0.181828 —0.111216 —0.125245
39 0.022  7.657 7.35473 732654 7.23376  7.3626 —0.302774 —0.33096 —0.423744 —0.294897
40 0.009 8.046 7.91589 7.95456 793717 8.08148 —0.129807 —0.09114 —0.108528 0.0357758

*Test set molecules
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Table 12 Statistical parameters of field-based QSAR model of Pim-3 inhibition

PLS Factors SD R? R? R? Scramble Stability ~ F P RMSE 0 Pearson-
(Y% r

1 0.3291 0.7877  0.487 0.3318 0.82 964  3.09E-10 036 0.696 0.8348

2 0.262 0.8706  0.6869  0.536 0.899 84.1 793E-12 027 0.8214  0.907

3 0.1984 09288  0.6856  0.6479 0.826 104.3 6.62E-14 028 0.8145 0.9055

4 0.169 0.9505 0.6884  0.7248 0.803 110.4 1.I6E-14 026 0.8353 0.9146

Table 13  Contribution of factors in field-based QSAR model for Pim-3 inhibition

PLS Factors Gaussian Steric Gaussian Electrostatic Gaussian Hydrophobic Gaussian H bond Acceptor Gaussian H bond Donor

1 0.422 0.096 0.258 0.057 0.167
2 0.398 0.11 0.252 0.061 0.179
3 0.349 0.126 0.252 0.079 0.195
4 0.337 0.146 0.233 0.081 0.203

Table 14  Statistical quality parameter for biological activity distribution in test and training set

Parameters Pim 1 Atom-based QSAR Pim 3 Atom-based QSAR Pim 1 Field-based QSAR Pim 3 Field-based QSAR
Model Model Model Model

PLS factor 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

N (training) 28 28 28 28

R? (training) ~ 0.823 0.941 0953 0967 0.811 0959 0.980 0988 0.834 0.930 0951 0968 0.787 0.870 0.928 0.950
RMSE (training) 0.290 0.167 0.148 0.124 0294 0.135 0.095 0.073 0280 0.181 0.51 0.121 0317 0247 0.183 0.153
N (test) 12 12 12 12

R? (test) 0.680 0.784 0.763 0.790 0.593 0.655 0.646 0.645 0.765 0.923 0963 0963 0.696 0822 0.820 0.836
RMSE (test) 0421 0364 0376 0354 0433 0424 0430 0423 0345 0335 0306 0339 0355 0272 0277 0261

Table 15  Statistical parameter for biological activity distribution in test and training sets

Parameter Training set (Atom-based) Test set (Atom-based) Training set (Field-based) Test set (Field-based)

Pim 1 Pim 3 Pim 1 Pim 3 Pim 1 Pim 3 Pim 1 Pim 3
Maximum 8.522 8.154 8.522 8.154 8.523 8.155 8.522 8.155
Minimum 6.053 5.516 6.353 6.043 6.053 5.516 6.354 6.043
Mean 7.430 7.161 7.525 7.103 7.487 7.108 7.395 7.227
Standard deviation 0.704 0.689 0.713 0.705 0.702 0.700 0.718 0.673

N: Number of molecules
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Table 16 ADME parameter of compounds

Comp. HERG Caco, BBB MDCK % % Human CYP CYP2C9 CYP2D6 CYP CYP 3A4 CYP Plasma
No. HIA Oral 2C19 inhibition inhibition 2D6 inhibition 3A4 Protein
Absorption inhibition substrate substrate Binding
1 —6.28 370.05 —0.14 186.88 93.20 94.46 Non Non Non Substrate  Non Weakly  81.13
2 =534 30434 —1.13 136.75 90.97 86.40 Inhibitor  Inhibitor ~ Non Non Inhibitor ~ Substrate 85.27
3 -6 5055 —1.04 21.73  88.86 67.08 Non Inhibitor ~ Non Substrate Inhibitor ~ Substrate 47.63
4 —635 461.82 —0.06 23745 93.20 100 Non Non Non Substrate  Non Weakly  81.13
5 —-641 366.04 0.10 779.31 93.23 100 Non Inhibitor  Non Substrate  Non Weakly  82.05
6 —-6.31 362.06 0.11 80245 93.23 100 Non Inhibitor ~ Non Substrate  Non Substrate  84.30
7 —-6.23 96.07 -0.76 4350 91.32 77.02 Non Inhibitor ~ Non Substrate  Non Weakly  67.04
8 —-6.30 120.19 —0.68 5542  91.32 80.24 Non Inhibitor  Non Substrate  Non Substrate  67.83
9 —-649 7694 —-0.90 3422  93.00 76.50 Non Non Non Substrate  Non Weakly  79.47
10 —-6.61 97.17 —0.83 44.04 93.00 80.25 Non Non Non Substrate  Non Weakly  77.29
11 —6.28 363.18 —0.21 183.13 93.03 93.90 Non Non Non Substrate  Non Weakly  76.45
12 —6.25 46429 —0.09 238.82 93.03 96.98 Non Non Non Substrate  Non Substrate  79.25
13 —6.43 366.04 0.10 777.068 93.07 100 Non Inhibitor ~ Non Substrate  Non Weakly  84.61
14 —6.26 362.06 0.12 80245 93.07 100 Non Inhibitor ~ Non Weakly  Non Substrate  86.60
15 -6.19 37035 —0.01 338.54 93.06 94.24 Non Non Non Substrate  Non Weakly  79.36
16 —646 467.77 0.05 43534 93.06 100 Non Non Non Substrate  Non Weakly  82.36
17 —6.35 46250 0.02 358.446 93.06 100 Non Non Non Substrate  Non Weakly  83.02
18 —=735 371.18 —0.17 283.029 94.09 90.07 Non Inhibitor ~ Non Substrate  Non Weakly  84.71
19 —-6.58 6695 —1.02 29.811 94.22 73.29 Non Inhibitor ~ Non Substrate  Non Substrate  54.90
20 —-6.58 2040 -—1.61 8274 91.10 58.40 Non Inhibitor ~ Non Substrate  Non Weakly  75.37
21 —6.63 338.16 0.29 74095 93.20 100 Non Inhibitor ~ Non Substrate  Non Substrate  86.12
22 —=597 64512 0.36 1286.8 94.40 100 Non Inhibitor  Non Substrate  Non Substrate  82.90
23 —6.36 589.64 0.26 13519 94.49 94.69 Non Inhibitor  Non Substrate  Non Weakly  82.53
24 —6.43 368.72 0.22  778.595 93.17 89.41 Non Inhibitor ~ Non Substrate  Non Weakly  86.12
25 —-6.59 392.14 0.05 87329 93.36 100 Non Inhibitor ~ Non Substrate  Non Weakly  81.60
26 —6.90 68593 0.25 14725 94.52 100 Non Inhibitor ~ Non Substrate  Non Substrate  82.00
27 —-6.28 697.03 0.37 147327 93.23 95.17 Non Inhibitor ~ Non Substrate  Non Weakly  82.05
28 —6.00 44245 —0.79 310.369 92.55 96.57 Non Inhibitor ~ Non Non Non Substrate  98.43
29 —597 75289 —0.72 560.948 93.89 100 Inhibitor  Inhibitor ~ Non Non Inhibitor ~ Substrate 92.93
30 —6.57 383.60 0.17 294.012 93.18 100 Non Non Non Substrate  Non Substrate  80.69
31 —6.53 325.02 0.04 245.837 93.16 95.68 Non Non Inhibitor ~ Substrate Non Weakly  82.87
32 —-621 173.85 —0.35 12498 90.76 83.94 Non Inhibitor ~ Non Substrate  Non Weakly  80.99
33 —6.43 459.67 0.27 1527.6 93.24 100 Non Inhibitor ~ Non Substrate  Non Substrate  84.13
34 —-6.24 36033 0.17 1126.2 93.24 100 Non Inhibitor ~ Non Substrate  Non Substrate  83.69
35 —-639 3121 —1.38 12904 90.67 65.97 Non Inhibitor ~ Non Substrate  Non Weakly  62.92
36 —-623 25939 —-026 19122 93.02 89.47 Non Inhibitor ~ Non Substrate  Non Weakly  84.19
37 —4.62 9591 —122 4872  92.66 50.20 Non Inhibitor ~ Non Non Non Weakly  83.25
38 —6.13 37578 —0.11 286.12 93.20 93.95 Non Inhibitor ~ Non Substrate  Non Weakly  79.68
39 —6.19 45925 0.13 61496 93.08 100 Non Non Non Substrate  Non Weakly  85.65
40 —-593 127.08 —0.54 89.709 91.34 81.34 Non Inhibitor ~ Non Substrate  Non Weakly  70.66
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