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Abstract: The hERG (human ether-a-go-go related gene) ion channel is a main factor for cardiac repolarization, and
the blockade of this channel could induce arrhythmia and sudden death. Therefore, potential hERG ion channel
inhibitors are now a primary concern in the drug discovery process, and lots of efforts are focused on the minimizing
the cardiotoxic side effect. In this study, ICs, data of 202 organic compounds in HEK (human embryonic kidney)
cell from literatures were used to develop predictive 2D-QSAR model. Multiple linear regression (MLR), Support
Vector Machine (SVM), and artificial neural network (ANN) were utilized to predict inhibition concentration of hERG
ion channel as machine learning methods. Population based-forward selection method with cross-validation procedure

P

was combined with each learning method and used to select best subset descriptors for each learning algorithm. The
best model was ANN model based on 14 descriptors (R%-v=0.617, RMSECV=0.762, MAECV=0.583) and the MLR
model could describe the structural characteristics of inhibitors and interaction with hERG receptors. The validation
of QSAR models was evaluated through the 5-fold cross-validation and Y-scrambling test.
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Table 1. Results for QSAR models on 202 drugs and drug-like compounds for hERG plCs

No Compounds Exp. a Pre. pICs (M) No Compounds Exp. Pre. PICsi(uM)
pICso (M) MLR SVM ANN plCso (MM)  MLR SVM ANN
1 2-hydroxymethylolanzapine -0.477 -0.785 -0.889 -0.904 35 Clozapine N-oxide 2.510 1.854 1.878 2.053
2 Acetylmethadone -0.505 -0.993 -0.316 -1.052 36 Clozapine -0.652 -0.955 -0.760 -0.894
3 Almokalant -0.558 -0.181 -0.138 -0.243 37 Cocaethylene -1.152 -0.958 -0.743 -0.893
4 Alosetron 0.679 0.322 -0.062 0.688 38 Cocacethyline -1.435 -1.044 -0.284 -0.658
5 Ambasilide -2.041 -2.236 -1.760 -2.498 39 Cocaine -1.117 -0.360 -0.704 -0.293
6  Amitriptyline 2.408 1.960 1.908 2.070 40 Cyamemazine 1.854 1.616 -0.392 2.003
7  Amsacrine -0.010 -0.107 -0.815 0.233 41 D-703 0.233 -0.575 -0.228 0.100
8  Artemisin -0.093 0.156 0.140 0.247 42 Desbutylhalofantrine 1.398 0.552 0.813 0.786
9 Astemizole -1.322 -0.999 -0.839 -1.010 43 Desipramine 1.454 0.438 0.108 0.947
10 Azimilide 1.702 0.411 -0.117 0.445 44 Desloratidine -0.820 -0.097 -0.407 -1.090
11  Benzoylecgonine -3.601 -1.138 -1.629 -2.487 45 Desmethylastemizole -0.820 -0.990 -0.407 -0.745
12 Bepridil 1.161 1.388 0.716 1.365 46 Desmethylclozapine -0.120 -0.967 -0.378 -0.758
13 Berberine 0.000 0.180 0413 -0.136 47 Desmethylolanzapine 0.050 0.029 -0.533 -0.093
14  Bisindolylmaleimide 1 -1.404 -1.356 -0.946 -1.449 48 Dextro-propoxyphene -0.050 -0.982 -0.310 -0.714
15 BMCL20051225 3hS -0.875 -0.698 -0.410 -1.145 49 Diltiazem 1.390 0.858 1.696 0.417
16  BMCL20065859 08i -0.934 -0.422 -1.048 -0.558 50 Diphenhydramine -2.290 -2.317 -1.877 -1.997
17 BRL 32872 -0.398 0.458 -0.272 -0.127 51 Disopyramide -2.438 -2.100 -2.605 -2.583
18  Bupivacaine -0.936 -0.465 -0.643 -0.408 52 Dofetilide -0.255 0.105 0.361 0.459
19 Buprenorphine -0.820 -0.986 -1.179 -1.386 53 Dolasetron -0.592 -0.067 -1.004 -0.142
20  Caffeine 1.634 0.400 -0.024 0.403 54 Dolasetron 0.337 0.105 -0.280 0.394
21  Carvedilol -0.599 -0.473 0.442 0.106 55 Domperidone -1.870 -1.854 -2.282 -2.322
22 Cetirizine -1.517 -2.311 -1.713 -1.511 56 Doxazosin -0.571 0.120 0.376 -0.213
23 Chloroquine -0.462 -0.314 -0.654 -0.018 57 Droperidol 1.588 1.508 1.318 1.088
24 Chlorpheniramine 1.900 1.018 1.487 1.067 58 E-4031 1.381 -0.101 0.548 0.814
25  Chlorpromazine 0.745 1.056 0.648 1.213 59 Ebastine -0.531 -0.433 -0.540 -0.864
26  Chromanol 293B -0.479 -0.811 -0.777 -0.626 60 Ecgognine-methyl-ester -1.301 -1.394 -0.888 -1.449
27  Ciprofloxacin 0.543 -0.462 -0.155 -0.279 61 EGIS-7229 1.553 2.042 1.447 1.350
28  Cisapride -2.125 -0.473 -0.272 -0.354 62 EMD-60263 -1.204 -1.004 -0.792 -0.484
29  Citalopram -0.079 -1.262 -0.873 -0.913 63 EMD-60417 -1.220 -0.116 -0.795 -0.409
30  Clarithromycin -0.785 -1.413 -0.886 -1.001 64 EMD-66398 -0.146 -0.871 -0.810 -1.002
31  Clobutinol 0.060 -0.680 -1.188 -1.316 65 EMD-66430 -1.061 -0.792 -0.822 -0.915
32 Clofilium 0.740 0.287 -0.143 0.043 66 Epinastine -1.804 -0.883 -0.830 -0.938
33 Clomiphene 1.144 1.027 0.732 0.735 67 ER-118585 -0.556 -0.524 -0.858 -0.662
34 Clotrimazol -0.143 -0.640 -0.555 -0.968 68 Erythromycin -0.869 -0.783 -0.745 -0.927
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Table 1. Continued

Exp. Pre. pICsy(uM)° Exp. Pre. pICsy(uM)
Mo Compounds pICso (MM)*  MLR SVM ANN Mo Compounds pICso (WM)  MLR SVM ANN
69  Erythromycylamine -0.398 -0.840 -0.810 -0.974 102 IMC20066569 34 -0.820 0.453 -0.088 0.368
70  Fentanyl -0.556 -0.859 -0.812 -0.974 103 IMC20066569 35 -2.230 -2.456 2.137 2.575
71 Flecainide -1.179 -0.880 -0.838 -0.974 104  IMC20066569 36 0.454 0.287 0.676 0.325
72 Fluoxetine -0.699 -0.804 -0.373 -0.843 105 IMC20066569_40 2.124 1.427 1316 1314
73 Gatifloxacin -0.602 -0.880 -0.835 0974 106  IMC20066569 42 -2.047 -1.624 -1.922 2.075
74 Glibenclamide -0.826 -0.929 -0.814 -1.016 107 JIMC20066569 43 -0.890 -0.182 -0.247 0218
75 Glimepiride -1.021 -0.885 -0.832 -1.002 108 JMC20066569 44 -1.562 -1.667 -1.440 -2.085
76  Glyceryl-nonivamide -1.201 -0.823 -0.843 -0.947 109  IMC20066569 46 -2.168 -2.366 -1.829 -2.040
77 Granisetron -0.792 -0.905 -0.860 -1.002 110 JMC20066569 47 -1.643 -1.371 -1.130 -1.540
78  Grepafloxacin -1.299 -1.412 -1.117 -1.125 111 JMC20066569 49 0.721 0.954 0.309 0.686
79  Halofantrine -0.748 -0.769 -0.944 -0.884 112 JMC20066569 51 -1.061 -1.050 -0.648 -1.204
80  Haloperidol -1.130 -0.885 -0.827 -1.002 113 JIMC20066569 52 -1.403 -1.840 -1.610 -1.651
81  Hydrodolasetron -1.086 -0.871 -0.764 -1.002 114 JIMC20066569 53 -2.789 -2.044 -2.009 -2.038
82  Imipramine -1.017 -1.252 -0.854 -1.028 115 JMC20066569 54 -2.060 -1.857 -2.005 -1.903
83  TQB-9302 -0.732 -0.869 -0.849 -1.028 116  Josamycin -1.079 -0.907 -0.892 -0.955
84  Isobutylmethylxanthine -1.326 -1.361 -1.213 -1.085 117 Ketanserin 1.560 1.029 0.853 0.815
85 IMC_20042405_1 -1.167 -0.899 -0.942 -1.062 118  Ketoconazole -0.362 -0.137 -0.267 0.268
86  JMC 20042405 30 -0.929 -1.283 -0.914 -1.062 119 LAAM -0.499 0.380 -0.087 0.275
87 JMC 20055888-7 -1.307 -1.406 -0.881 -1.068 120  Levofloxacin 0.019 -0.692 -0.536 -0.298
88  JMC20051725 8f -1.679 -0.575 -1.570 -1.725 121  Lidoflazine 0.689 -0.481 -0.131 -0.273
89  JTMC20063614 32 2.010 -2.385 2.422 2430 122 Lignocaine -2.531 2276 2272 2217
90  JMC20063766_14 -0.340 -0.376 0.072 0392 123  Lopinavir 0.091 -0.535 0.099 -0.703
91  JMC20066569 01 -0.196 0.505 0.156 0.444 124  Loratadine -1.399 -0.415 -1.004 -0.819
92 JMC20066569 02 -0.342 -0.785 -0.889 -0.892 125  Losartan -0.114 0.178 0.534 0.396
93 JMC20066569 17 1.796 1.707 0.446 1.371 126  Lumefantrine 2.117 2,173 -2.529 2.426
94 JMC20066569 18 -0.934 -0.638 -0.593 -0.663 127  LY-97241 -3.477 -2.361 2316 2.072
95 IMC20066569 19 0.027 -1.146 -0.605 -1.308 128  Maprotiline -2.380 -2.475 -2.046 -1.969
96  IMC20066569_20 -0.890 -0.169 -0.301 -0.835 129  MCI-154 -1.310 -0.673 -0.904 -1.100
97  IMC20066569 21 -0.908 0.382 0.535 0252 130  MDL-74156 1.985 1.140 1.828 1.259
98  IMC20066569 22 -0.716 -1.211 -0.462 -1.109 131  Mefloquine -0.196 -1.088 -0.298 -0.474
99 JMC20066569 23 -0.574 -1.371 -0.474 -0.612 132 Mesoridazine 2,143 -1.360 -1.731 -1.814
100 IMC20066569 30 0.428 -0.141 0.424 -0.606 133  Methadone -0.440 -0.667 -0.867 -0.714
101 JMC20066569 31 -0.991 -0.750 -0.808 -0.836 134  Methoxyverapamil -0.756 -0.247 -0.344 -0.668
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Table 1. Continued

g

o b

= Exp. Pre. pICso(uM) Exp. Pre. pICso(uM)

g o Compounds pICso (WM)*  MLR SVM AN Compounds pICso (kM) MLR SVM ANN

v; 135 Methylecgonidine -0.216 -0.231 -0.735 -0.321 169  Prazosin -0.280 -0.868 -0.671 -0.864

= 136  Mibefradil -0.761 0.805 0.404 0.237 170 Procainamide -1.820 -0.661 -0.304 -0.607
137 Mizolastine 0.206 -0.423 -0.210 -0.588 171  Propafenone -0.690 -2.274 -2.048 -2.281
138  MK-499 0.539 0.191 0.795 0.370 172 Propoxyphene 0.060 0.542 0.424 0.675
139 Morin -1.562 -1.456 -2.191 -1.283 173 Protopine -0.900 -0.280 -0.839 -0.730
140  Mosapride -1.185 -0.713 -0.837 -1.058 174 Prucalopride -2.980 -1.958 -2.364 -2.056
141  Moxafloxacin 1.635 0.712 1.272 0.663 175  Pyrilamine -0.080 -1.262 -0.873 -0.889
142 Naringenin -1.506 -0.948 0.030 -0.371 176 Quetiapine -0.650 -1.046 -0.238 -0.944
143 N-Demethylerythromycin -2.150 -2.003 -1.812 -1.831 177 Quinidine -0.440 -0.667 -0.867 -0.714
144 N-desbutylhalofantrine -4.000 -1.706 -1.945 -1.083 178  Risperidone -1.210 -0.973 -0.739 -0.961
145 N-desmethylclozapine -2.000 -1.389 -0.625 -1.313 179  Roxithromycin -0.770 -0.610 -0.357 -0.605
146  Nelfinavir -0.100 0.955 0.402 1.174 180  RP-58866 0.790 0.442 1.806 0.707
147  Nicotine -1.248 -0.853 -0.414 -0.464 181 Saquinavir 1.600 1.554 1.346 1.702
148 Nifedipine 1.758 1.283 0.636 0.719 182 Sertindole -3.780 -2.354 -2.250 -2.551
149  NIP-142 -0.470 -0.034 -1.205 -0.118 183 Sildenafil -2.220 -1.536 -1.107 -1.175
150 Nitrendipine 0.716 0.329 0.759 0.191 184  Sotalol -1.750 -1.830 -2.159 -2.002
151  Noracetylmethadol -0.462 0.034 -0.291 -0.043 185  Sparfloxacin -1.870 -1.886 -1.457 -1.042
152 Norastemizole -1.952 -1.076 -1.132 -1.120 186 Sulfamethoxazole 1.000 -1.116 -0.622 -1.044
153 Norfluoxetine -2.380 -1.244 -1.521 -1.341 187  Tadalafil -1.820 -1.895 2411 -2.052
154 Norpropoxyphene -1.107 -0.885 -0.418 -0.642 188  Tamoxifen -1.000 -1.993 -1.903 -2.083
155 Norverapamil 0.658 0.452 -0.063 0.323 189  Terazosin -3.055 -1.971 -1.677 -1.660
156 NPS-2143 -0.079 -1.442 -0.500 -1.343 190 Terfenadine 2.800 1.281 0.906 1.127
157  Olanzapine 0.903 0.739 1.207 0.882 191  Terikalant -0.019 -1.622 -0.496 -0.751
158  Oleandomycin -0.041 -0.152 -0.061 -0.090 192 Terodiline -1.080 -1.311 -0.655 -1.148
159  Ondansetron -0.763 -0.154 -1.004 -0.120 193 Thioridazine -0.160 0.727 0.606 1.449
160 OPC-18790 -0.352 -0.062 0.005 0.582 194 Trazodone -0.320 -1.722 -1.423 -1.440
161  Oxybutynin -1.616 -0.977 -0.540 -0.993 195  Trimebutine -0.560 -0.870 -0.874 -0.839
162  Paliperidone -0.775 -0.147 0.149 -0.217 196  Trimethoprim -0.890 -0.779 -0.478 -1.505
163  Pentobarbital -2.420 -1.933 -1.854 -2.073 197  Vardenafil -2.220 -1.133 -0.603 -1.257
164  Perhexiline -1.083 -1.311 -0.655 -1.148 198 Verapamil 0.680 0.644 1.083 0.789
165  Phenobarbital 1.144 1.027 0.732 0.735 199 Vesnarinone 0.120 -1.863 -2.334 -1.988
166  Phenytoin -0.652 -0.955 -0.753 -0.894 200  Vitamin K 1.160 0.635 0.788 0.803
167 Pilsicainide 0.357 0.255 -0.083 -0.111 201 Way 123398 -0.760 0.799 -0.348 0.293
168 Pimozide 0.350 -0.068 0.104 0.414 202 Ziprasidone 0.690 0.788 -0.280 0.668

? Experimental pIC50 (uM) obtained from reference [3,5,6].
® Calculated Exp pIC50 (uM) obtained from MLR, SVM and ANN model.
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Fig. 1. Process of QSAR modeling for prediction of hERG
inhibitor.
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e ke 7P Holdk 4% %117\17]5% kit
o] B

f

_40
N
4

i rlo -1)" rl

A, HFHOZE kxn/f o] N
A 5]1;], R 3y J,].X-loﬂ/q kS 52 AA o}oq =] 1:} o}
| 5x202=1010782] 7HE F2jo] EAst=S a3t
BEEAE F18 v 71Foz AHEE A AF
< 9 2HK(root mean square error, RMSE)E AH8-312
w, F7tHo2 AAAFRY), HFE 2% (mean
absolute error, MAE)E AlAFel3ith. o] A3l Ak

He thest .

X

2

2
_ 2
R2 = I_Z(Y()bs—ypre)z MSE = 2(}'obsfypre)
z“(yobs*ymean) N
MAE = z:|yobs_ypre|

q7]/§_] yabst }\E]b:]tl %)]\-: yme ]%% %}1\-, Ymeang E% }é]
gkl Wagh, 22| N 2o AR s &
£ Uepdrh,

oA AFs Bdlo] AAEEL R XFE=
FEA] 47 STHEGE 3 iAol HER, AA)
24l o2 FEE XA F IEE A HS
(cross-validation) & A &35l th 2 AF WL
AA - dlolHE A 7] Fi(fold) 22 U
o, d Sl AHgE 3 FEs AL WA FeE
2 2dE 73, AR 3 Fo2 mdo] 7
ge=AE A5EE it o] A& Fed FuF

Eoto] o Sl vk ARG FEe] HlolHE B B
o AA ¥ dlolE ] 8} ol AH, o|uf o=
H g o] &ste] o5 Rd AYPEE Atetnw
A, A2 Bde] o & 58& Priste ot #
AFoM= 7he 2FLE FAsI APEE AL
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Auk Ao Hgwel R3S, R, RMSECV(root
mean square error of cross-validation), MAECV(mean
absolute error of cross-validation)Z 3713} t}. 2t 8
5 WA HHo xdA e A ASE TE
& pgkol b4 e Aoz AT, A4 77
27K W) Jpglo] Z7HRES sle] o) B4 2
A2¥al 4= Q). 1 221 q_g_‘/} Fazen
_(n+p)- s’ _RSS (n+p) _ RMSECV’. -(n+p)

) JRERNCED) (n-p)
o714 n& AA st F, pe Bl ARE
2 5 ek

25 ZE [0 ALSE sE 2y

o5 A3 37 (Multiple Linear Regression)& g &
Ak o2 da] ARR-E = w9 f83 o R, 5%
&9 A 28R} SehEe] A5l FE Abelol] A¥
2Rl IAE v e AE AAIA 02 vt

Y = a + ale + 32X2 + ... +aan
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do] A [a), a, a,]> XIAES] FJAATE "]'E]"_
ok o] ¥ 2 WollA] z+ FEAe] I|HAA S F
S5 IRIFEZAN FEHAR(Y)Se dAE ANT

}v\j

XE 9E] w21(Support Vector Machine, SVM)H+
2o 73S v 2L 7| ASkE o R
Cortes®} Vapnik'3ol] oJsir 7x4 913 HA
B}(structural risk minimization) 2] ol 7]¥tsle] HF
(classification)& 3}7] 9l3td 7NdE <5 W ol
F5o] SVMHUH -2 e-insensitive lossH S =Y
224 39| dSol= #&o] 7hssiAl HAntk o] WY
o] 71241 Jid 49 vlolElEs HAE W 3
FE ol&dtd o 2
oJA 2 FZP el A
ok SVME o] A5
kerel3t-¢] FEie} HA5E o st C, vk
23 kernelASrel F--Hrh £ AFoAE SVM
WU 7 s AAT F Ae y-
SVMHHH 148 A}-2319] 32, kernel34=F radial basis
function (RBF)S AM&3l93 2w, RBFESU 243}
£ FPslof = Ml ve) C, vk 38R A9
o] F 3 E ol grid searchTH O Z

rlo
N
fu
E
rlot
%
e
fu
> r
oo
ooz
rr

013 217 W (Artificial Neural Network, ANN)#H -2
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AbEe T E BRYRE o] o8 HRE

JolA AAMEEZLS] AAANES Ea) HHE -“f—
B2 JRE Aeshs daEFolvh. ANNGH
A S1E dHlolEle] o3t g5S Tl AAANEE 94
st= 7HEA1E Az sk ’\1347]'44'4 s =

U7he 9 A dk(back-propagation) X174 i So] F2
S| ARG AREEHM, & AFAAE o] S AME
AT £ AFo = 985, 295, EYTeE F
AE AR F2E ARSI, ZF FeME 84 3
Z(activation function)s= sigmoid¥+5 A3
ANNHE ] w7l M4l 2939 & <, learning

wmde] g5 H7HE Fot HA

rate, momentumzt-<

s}a13 T},
3. &x ¢ nE
kst §7] 35HEC] hERG o] LAY A3 FE2
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17100182 2183, &4 o8] A7t Holdt
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Table 2. List of descriptors for MLR, SVM and ANN models

Model Descriptor name Description
NoCdO The number of double bonds between C atoms and O atoms
NOimide The number of imide groups
NOketone The number of ketone groups
VSAhydunsat 2D van der Waals partial surface area of hydrophobic unsaturated groups
FraVSAjygunsat ~ Fraction of 2D van der Waals hydrophobic unsaturated surface area
EtateSanac Sum of E-state for aaaC type(a: aromatic ring)

MLR Kiergape3 Kier shape index order 3
CATS"y4aro10  Indicator for atom pair in 10 distance between hydrophobic atom and aromatic ring

model CATSpygposd Indicator for atom pair in 5 distance between hydrophobic atom and positive charge atom
CATS Arorrcd Indicator for atom pair in 6 distance between aromatic ring and aromatic ring
CATS aropos? Indicator for atom pair in 7 distance between aromatic ring and positive charge atom
CATSponpon3 Indicator for atom pair in 3 distance between H-bond donor atom and H-bond donor atom
CATSponacc? Indicator for atom pair in 9 distance between H-bond donor atom and H-bond acceptor atom
CATSponpes6 Indicator for atom pair in 6 distance between H-bond donor atom and positive charge atom
CATSponnes8 Indicator for atom pair in 8 distance between H-bond donor atom and negative charge atom
NOAroRing The number of aromatic rings
Nocyano The number of cyano groups
NOgster The number of ester groups
NOketone The number of ketone groups
EqateSsscin Sum of E-state for -CH,- type

SVM QminC The minimum partial charge for C atoms in a molecule (MPEOE® charge)

model CATSpyanya10  Indicator for atom pair in 10 distance between hydrophobic atom and hydrophobic atom
CATShydace] Indicator for atom pair in 1 distance between hydrophobic atom and H-bond acceptor atom
CATSpygnegd Indicator for atom pair in 6 distance between hydrophobic atom and negative charge atom
CATS aropos? Indicator for atom pair in 7 distance between aromatic ring and positive charge atom
CATSponpon! 0 Indicator for atom pair in 10 distance between H-bond donor atom and H-bond donor atom
CATSponpos3 Indicator for atom pair in 3 distance between H-bond donor atom and positive charge atom
CATS pcepos9 Indicator for atom pair in 9 distance between H-bond acceptor atom and positive charge atom
NoCdO The number of double bonds between C atoms and O atoms
NOAroRing The number of aromatic rings
NOimide The number of imide groups
NOketone The number of ketone groups
Kiergape3 Kier shape index order 3
(-)PSAmproE The sum of VDW surface area sith values of MPEOE charges less than -0.2

ANN  CATSyyauyal0  Indicator for atom pair in 10 distance between hydrophobic atom and hydrophobic atom

model  CATSuyane2  Indicator for atom pair in 2 distance between hydrophobic atom and negative charge atom
CATSpygnee 10 Indicator for atom pair in 10 distance between hydrophobic atom and negative charge atom
CATS Aroarc0 Indicator for atom pair in 6 distance between aromatic ring and aromatic ring
CATS Aropos? Indicator for atom pair in 7 distance between aromatic ring and positive charge atom
CATSponbon3 Indicator for atom pair in 3 distance between H-bond donor atom and positive H-bond donor atom
CATSponpon! 0 Indicator for atom pair in 10 distance between H-bond donor atom and positive H-bond donor atom
CATS Accpos9 Indicator for atom pair in 9 distance between H-bond acceptor atom and positive charge atom

%Chemical Advanced Template Search descriptor, "The Modified Partial Equalization of Orbital Electronegativities charge (ref. 9-10)

PIC5,=-1.904—-0.665NoCdO+0.560No
+0.447N0yeione T 0.01TVS Ay unsar
—3.340FraVS Ay gynser +0.249E
+0.200Kier

shape

340355 CATSjygpro10
~0.384CATS 1, 4pesS—0.300CATS 500,06

+0.71 8CATSAmPnS7 - 0'835CATSD0nD0n3
~1434CATS poreg

inide

S n=202,R*=0.662,Rg, = 0.608,F = 25.04

state™aaaC

A wlolE el ek Ag=e] A%, R*ko] 0.662%
Tk Azshu, sEE wzk Asell 93 el 0.608
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Fig. 2. Cross-validated Jp vs. number of descriptor in MLR,
ANN and SVM model.
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F2o AHE-E SgE] ¥ Fx2E JElE 39
A}l 73%-, carbonyl group2] 4*(No.CdO)7} A &4
%, imide group®] +7} F7+E+5F, ketone group®]
F7t FIFEFE plCs wel AAXEZ hERG ©] 4]
g9 Aall At AR A& & 5 o, o] #A
= gAAFY F5E FEAM & 5 Aok T B
9’] %Eﬂ' é’\_{F/\é EEB_Z‘]] (VSAhydunsat)o] 7411 7—] ‘4—7 ﬁ]sed
aromatic ring T A9+ A7 33 E AN EgueSanc)
7Y AAGE, stz ©49] 7R (Kietgupe3) 7t
BWS95 hERG ol 23149 A a3t AXE &
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A, Don:F=AATH FA, Ace:FAZATH WA, Pos: &
A3}, Neger A sk d2hk 2dAE Y F5-& ol

2 R CATSEIAS Felid e A wAks} =
82l (receptor)7+e] FF2-E& Ve = Qi) o] B
ol M= W Axpel FAs ARk AdA 7t
770 9] gwl<>§ ol Z B A(CATSawpes?) S #131
7}t Ay AGE £ 9lom, o)A AR FEA
ofe] A3 A83E UeRd Aom BAg 5 Qi
I 9] 9 SFAATE AUE HE CATSEHAE2
A FE 27 Arlel AR EAE A, o
AAR ol B Fe g o R FAFste] hERGO]
24 E Xﬁﬂ’é‘}xl F5E Uehdth 2 uE mdo
/‘P"“Q FHAANES F3A hERGol 22 o] A3

] g]_tsl— :,Lzz-l’ A5 1—_9_7(4 oZ M\:ﬂzﬂ—oi}yﬂ
hERGO]%ZH‘éi 3] AA=EE e Jde 3t
=9 724 5N A5G et ol
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HI A AR AAE Golry] fl5te] A& 4
HE H2ASVM)Z AF A THANNEHE
A F 3 forward selection™'H 3} w3} 7HZ o
date] Ao A JAF{FE 2A O]' E]' A4
SVM3} ANNWH o] EEAES 13F, 14509, 2
52 Table 20 YERARITE SVM ANN o%’j«l Gl
N HA3F Hg2 HH 1A HFol 2449
el zleystd . SVM"”"jS°ﬂ AHEEL A 5} wisdA
FEC, 7, volARa, C= 0.1, 1, 10, 1002] BZ, ¢
£ 0.001-0.1 AFo] 2 0.005%], vire 0.1-0.5AF0] 2 0.1
A Wslete] 5HS WAt AF Wl o8 2R ==
RMSECV gte] 7pg & zro® ZAA stk

NN®H o] w7l 4= learning rate, momentum,
hidden node=©]™, learning rate®} momentum-> 0.1-
1.0~k 2 0.1%, hidden node®] == 6, 7, /& H&
ato] wRA 2 BE Z7 oA RMSECVEEel 7+
e A0 AA3IAT SVMHERH A A shE
7 4=2] & C=100, y=0.005, v=0.5%12, ANN
Wo A HAstE wizEe] 3k learning rate=0.1,

Table 3. Comparative statistical performance of MLR, SVM, and ANN models

No. Training 5-fold Cross-validation
Method . parameter
descriptor R> RMSE MAE R%, RMSECV® MAECV® Jp*
MLR 15 0662 0714 0540 0608  0.771 0580  0.690
SVM 13 C=100, gamma=0.005, Nu=5 0.660 0720 0554 0595 0783 0599  0.697
ANN 14 Leamningrae=0.1, momentum=0.7, (o) 696 0527 0611 0768 0588  0.678

no.hidden nodes=6

?Root mean square error of cross-validation
® mean absolute error of cross-validation
¢ Jp statistics
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Fig. 3. A plot of experimental vs. predicted pICsy(uM) values
by ANN model.

Table 5. Cross-validated results after 30 Y-scrambling test
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Table 4. Classification results for best models (MLR, SVM,

ANN)

Method Sensitivity®  Specificity® Accuracy®
MLR 93.29 62.26 85.15
SVM 98.66 79.25 93.56
ANN 94.63 64.15 83.63

# Percentage of correctly predicted set of inhibitors,

® Percentage of correctly predicted set of non-inhibitors,

¢ Percentage of correctly predicted results (threshold for the sepa-
ration of inhibitors/non-inhibibitors : 1 M)
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o 4 = Atk ol g HiE
correlation)e] 2t 3k, o] & gRlsly] flaiM = F=
Y-scrambling 2 7}9} ] 3T} Y-scrambling test= &
Z¥za A8 7} 3R AYPELS e a
HAolA AZL- vlelHE AT H, 2 A7lx X8
g ekgHoR o JAYste] Rl AP s
Eﬂ7]-—a].b_ H]—tﬂJo]u]_ g;@ UE‘;E 9/] z%i—h: g} Y-scrambling
2 @ AT vimale] 2 Aold Yrhiw, ¥ o
o] mHlo] ol Aoz ol Al oS B
HaA "ok 2 AFoM = Y-scrambling#3 S 309
el e Antel AR Table 5ol LERALT,
Table 361 hepl sherel Aol vlmalel w
2 Ao 8 et 2 Ee, B Al Au
QSAREHE2] AT (robustness)S F1E 4= AT

Cross-validation (Y-scrambling)

Method
2CV ave. RZCV range RMSECV&VC RMSECVI‘SHEC MAECV@VC. MAECV range
MLR 0.086 0.014-0.114 1.185 1.162-1.257 0916 0.893-0.953
SVM 0.184 0.136-0.238 1.112 1.075-1.144 0.856 0.828-0.873
ANN 0.124 0.039-0.206 1.154 1.097-1.211 0.895 0.838-0.934
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