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hERRE: 5 20114 BB 41 S
K2 INZGEMNREASW TR WETE(LgRBA) K S (H 15 T S ik 2

2K S E T W= 2K S E T A bR 2=
E2 2.00 1.32 0.68 estriol 1.32 1.42 -0.10
testosterone -2.10 -1.53 -0.57 norethynodrel —-0.66 -0.71 0.05
estrone 1.57 -0.26 1.83 coumestrol 2.27 2.34 -0.07
2-hydroxy-estradiol 1.04 1.27 -0.23 genistein 1.56 1.52 0.04
4-hydroxy-estradiol 0.85 1.11 -0.26 B-zearalanol 1.15 1.21 -0.06
moxestrol 0.70 0.32 0.38 nafoxidine 1.20 1.31 -0.11
ICI 164384 222 1.78 0.44 bisphenol A -0.48 0.16 —0.64
170 estradiol 1.04 1.21 -0.17 p,p’-methoxychlor -0.89 -0.85 -0.04
3a-androstanediol -0.52 0.00 -0.52 2-OH-Estrone ¥ 0.26 0.40 -0.14
3B-androstanediol 0.85 0.06 0.79 17-epiestriol ¥ 1.98 1.46 0.52
4-androstenediol -0.22 0.77 -0.99 5-androstenediol 1.23 0.34 0.89
16-keto-17p-estradiol 0.69 0.43 0.26 160-bromo-17p-estradiol * 1.38 0.76 0.62
dehydroepiandrosteron 115 ~1.04 -0.11 hfor30345bl;heﬂ?‘}$°, -0.20 -0.81 -0.61
Sa-dihydrotestoster -0.77 -1.55 —-0.78 0,p'-DDT ¥ -0.40 -0.66 -0.26
nandrolone -0.64 -1.36 -0.72 raloxifene ¥ 1.52 1.43 0.09
norethindrone -2.00 -1.17 -0.83 clomiphene 1.08 1.20 -0.12
4-hydroxy-tamoxifen 2.53 1.99 0.54 244blgh$‘y:}1gi’r? 1.17 1.28 -0.11
2”3’3/";’; pi;g;fy‘ﬁ“f)‘lom"" 0.09 -0.33 0.42 2’3’3‘;’% ;ﬁgﬁ;‘fgld;lor‘" -0.40 -0.38 0.02
progesterone -3.50 —2.47 -1.03 4-tert-octylphenol ¥ -0.28 —-0.28 0.00
DES 2.47 2.84 -0.37 zearalenone * 1.19 1.54 -0.35
hexestrol 2.37 2.80 -0.43 daidzein 0.53 0.46 0.26
dienestrol 2.61 2.28 0.33 apigenin © 1.24 1.41 -0.17
tamoxifen 0.78 1.59 —-0.81 naringenin 0.09 0.99 -0.90
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(RS el R R T fig oy O 7 1220 221,
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LR A R AR . PR L hee s SR

B =3x(p+D)/n (=1,2,...,n) 2)
X, p W B S H G n GRS ) 1)L
B.OWRAE AL AWIE A by KT IR A
D) EH S 28 T YU PR A 5 4 i B T R A AN AT HE .

3 GREWR

3.1 R E S RE
S FMAARIE S, LR T 94 MHIARF.
SR IG R EWAR B IHE, ik 5 G YT T A
F ] GATSle. MATS3m. Morl6u. Du. nDB I
MATSS8v 3t 6 Mk TF. TR RE RS,
AFF GATS8v Al Mor23v 55 i ik Hi i) HoAh F5 3R 77 A A
ML P R F-test {8, AT AR I L IXBIANR A, 36
8 AR FE T I L AR IR0 A AR B A K
REBEEN rig = 0.70, EAFAZREEH NiEfTRfd
TAERNEFER, Frfd 248 00 25 8 A N 48 v
BIWE3 BT rPe— r’s< 0.02, kS at m
= 5, Itk 744 GATSle. MATS3m. Morl6u. Du
1 nDB. JH & fE 742 i 37 e 2 o0 g nl ) A A
(MLR):
LgRBA = —(42.14+13.64)+(4.41+0.68)GATS le+(41.61+
13.01)MATS3m+(1.32+0.41)Mor16u—(13.13

+5.13)Du+(0.57+0.28)nDB 3)
p: 0.000001, 0.004, 0.003, 0.02, 0.05

VIF(7 ZZHK R 7): 1.8,1.3,1.2,1.5,2.2
N=31,m=5,r=0.829, RMSEE = 0.62, ¢’ 00= 0.742,
RMSEP = 0.77, F-test = 24.20, p < 0.0001.
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Sk B B b U0 BB () TO B 7, T AR A
FTHMBEAED 2 2 AR SCRL 15 AME A WAL kT
FEARBCHE A R MARLE, 0] AT gAY G AT S0, AR5
RIS S H00 R TR REL P ped = 0.772, 4b
PBIGAE REL ¢ o = 0.724, MR J7HI% 22 RMSEE
= 0.395. IX {5 IR HAT R B ) TN BE g . IR
31 MES YRR S R 15 MEA PSP SR E S
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SYNEHEISNIRE (IgRBA)
B2 UIZRAEA AT B S 0 L T A <

#3 5 ERB AN LogRBA I AL B4R JAR K Gt 28

m s RMSEE ¢Loo RMSEP AR

1 0.520 1.04 0.448 1.12 GATSle

2 0.700 0.82 0.636 0.91 GATSle, MATS3m

3 0.773 0.72 0.692 0.84 GATSle, MATS3m, Morl6u

4 0.799 0.67 0.713 0.81 GATSle, Morl6u,Du, GATS8v

5 0.829 0.62 0.742 0.77 GATSle, MATS3m, Morl6u, Du, nDB

6 0.840 0.60 0.747 0.76 GATSle, MATS3m, Morl6u, Du, nDB, GATS8v

7 0.846 0.59 0.724 0.80 GATSle, MATS3m, Morl6u, Du, nDB, GATS8v, Mor23v
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R4 GBETEANMKRE

GATSle MATS3m Morl6u Du nDB
GATSle 1.000
MATS3m 0.143 1.000
Morl6u 0.217 0.168 1.000
Du -0.188 -0.479 —-0.253 1.000
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D BREAE, MRS YMER 5, BB RIAR SCPE RIS
AR LA Py TI0I B #0547 Sk 25 A e, = 0,880,
RMSEE = 0.53, ¢* 0o = 0.812, RMSEP = 0.66. lli{4
BT A B ) A8 SUIRAIE AR HESR 72 H A T £2.00, {H
WA 0,p'-DDT MR LUAR BRI I A (7). X 3 A5
T (4) % Be Ak A 03 P 1R TR0 45 BT 2 AN HT FE 11,
ETII ) 45 F R AL 20 &) o,p-DDT 3%
PEVE T8 h MRS 1) T30

33 BARIAARRE

R (3)FI(4) T, GATSle. MATS3m 4 2& 4 [
AR AT RWeHs 23 7 90 0 45 F 0 SR TR A
K. GATSle Rt KN 1. &Ky atERE
J5i ] Geary H AR5, MATS3m £ -4hTh LKA 3.
25 F R EANE S5 Moran H3JH5<F5%L. Morl6u Ky
BT T RTH I A AR, s T e
FRARIE R Z5 4P, Du b WHIM iR #F, Rk
B[R AR T] B ME4E %0, nDB Ky 4 BHR 4, R4y
T A S BRI, kA Y S

ERP 45 &b M i B IR 5 GATSle, LAY
ERB 1) 45 & 35 PE B GATSle & [t 34 n iy 39 K .
GATSle Rk A4 7 FL A0k 5 T 16 45 4 1
K, X RESE GATS Le PR AL 731 45 45 B s W fic
WAL G S ERB ZARLS A s th & SE IR iR 2 0] (1) 4y
TFIWEH D). 0 Xt R A eI 35 B 2 AR 1L
R A s, EMERE A PR C2 A1 C3 LUK B ¥ C6
BRI 4 591 HE BR AR 3 Leu339. Glu305 Al Leu298 1471 H
PESRIRIL SR T, 17E AFR C3FID IR C-17B AL &
BRI 3 ) H TR IE F PR DR IR B S Arg346 S AL &R 1 A
B Hisd75 BRMEIRE 20 BE S, AU X 2647 5 it
TEIE R AT RS A5 BERB B2 KM &5
A A A " Tong!" Y45 F1 Xing!! 4% 1
3D-QSAR 5T AR 34 3 WITC PR A4 A5 40 J 1L 1) e P 3 %
fifk L ERB 524k [ 454 J0 (M ouik de K. 5k
MATS3m S5 K/NR S5 R 05 B ARG P
I/ B AT RE S s &5 5 ERB k2
S5 GiETE. BFFURIAEMER R B 2RI LA 45
A, AEMERE C-To {7 B 5% IE Asp303. Leu306.
Trp335. Leud76 F1 Vald85 fEuk— ANk, b i) 7%
PRI IE; B IR C-6B A7 B 4RI 7R L Leu298, i
BEAE FURE R A/ BOAREE N, i (4), XUEE AN
$(nDB)H & WL & 45 ERB Z AR 45 &b k. X
N BEJETE ERB SZARIACAR 45 & e h & A 8 2 Ik
PEFRSE, B2 1 0URE T RE 2 35 A6 A 0 1 K 1
MR T4 A YIS ERP AR 45 Gib k. 4%
FRTR, ARG P R BRI I L A T
Kby BRSSP T H 5 ERB AR 45 A 3G k.

34 SHMSCERA R

Tong Z"OR1 Xing 51"l 43 51 ] L9y T 118
M1 )51 (CoMFAYRT Kuiper $di S£ UG wF5Y.
F CoMFA J5 1L BRI 2R vh BT A7 Ab & AR 4l HL o
IR AT R K& A, M5 ERB SZARLE A1
AWK 2, SR, S EW 5 7T etk
BOAPERAE, T BT E H A& KR IS R
SEAR, TR AR 22 (1R IA], iy LA TR ) R e
FIFFIBE 345 4F H AR 5. Tong 251 CoMFA FE f1)
A8 XA BB ¢PLoo A 0.60, Xing 2 E XL &1
(K150 F B 5 7 AT B0EE, ¢ oo HAT BT, HELH
IEH] 0.646. 1A SR i A 20 AR B8 398 7 V0 3
5 MRAER R E BRI ¢ oo (IR T 0.742.
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H Tong 2RI Xing 25! I B b AMIIGAE, [HH B
WA N 3 TH R RIF 5. AR SR AT 1 A R
AREPR R BER PEAT IO, &5 PR B AT =4 () Ficl
BE D) (P orea = 0.772, HNEBIRAE R KL ¢ = 0.724, Tik4E
Y7 % RMSEE = 0.395). 33X i B AR (1 30000 i
FIRIEAdPE ] AL T Tong 251 Xing 25K 1L
o 13950 §1 77 15 (CoMFA) i 4 4t 1) 1 24

%, KA XA RIHILET AT 5 Fh 50L& Y05
P S5 AR O (R4 3R 2 RALAL S I0 2 T 454, AR5 K
FH 2 T2 Pk 1] VA (MILR) 2l A7 e A4 43 7 &5 ) 5 00 1
Z )R B 3 AT SO R A A F A A
W] IR R BAT R G IR TN ) AR . L SC
MR B, A A A I fiE g AR VR 2 LT 3D-
QSAR MM FERA R WML 55 ERB B2 AA I 45 i

(EESTR A7/l R R i N C N BN L

N
4 g KSR AT K. B 05 F AT T AR
AICLL 31 FlYy ERB 2 ARG & AL S Y AWT I ERI.
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Quantitative structure-activity relationship of compounds binding to
estrogen receptor f§ based on heuristic method

ZHANG YiMing', YANG XuShu?, SUN Cheng® & WANG LianSheng’

1 School of Basic Medical Sciences, Nanjing Medical University, Nanjing 210029, China
2 School of Pharmacy, Nanjing Medical University, Nanjing 210029, China
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Abstract: Estrogen compounds may pose a serious threat to the health of humans and wildlife. The estrogen receptor
(ER) exits as two subtypes, ERa and ERB. Compounds might have different relative affinities and binding modes for
ERa and ER. In this study, heuristic method was performed on 31 compounds binding to ERP to select 5 variances
most related to the activity (LogRBA) from 1524 variances, which were then employed to develop the best model
with the significant correlation and the best predictive power (r2 = 0.829, qZLOO =0.742, rzpred =0.772, c]2ext = 0.724,
RMSEE = 0.395) using multiple linear regression (MLR). The model derived identified critical structural features
related to the activity of binding to ERB. The applicability domain (AD) of the model was assessed by Williams plot.

Keywords: estrogen receptor [ (ERP), quantitative structure-activity relationship (QSAR), heuristic method,

applicability domain
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