2018 % 9 A Wl K FFRCE LA F R Sep. 2018
B|o55 & EoS M Journal of Sichuan University (Natural Science Edition) Vol. 55 No. 5

doi: 10.3969/j. issn. 0490-6756. 2018. 05. 023

6—%%‘:‘%&@%3’@ 11 24 5-o iF |5 B AP &l 7 /Y
Z Y E SRR F TR M E LR It

x|, HRAL. M F, REBE, RER
. EE%EE%[&T:WJ'I%%%%@@%WE@U%EPAD’ WA 6100505
K ) TR A R R 5 F R M 0% T IR 400044)

i ZE: KA Topomer CoMFA 2t 37 /A~ 6-R 4« & 85 £ 374 F 24T = % T T MK & 547,
ERAG L LG Ef S X 2H A ¢"=0.774,7 =0. 965,% % R AR R AT TSR
Fo IR M A8 . ¥ AR T Bk 49 Topomer search 40 if it K T2k 6h 4 Fxri2 E i o K T
3D-QSAR B ¢y o F EEFTAME F XZ REFHP R AR F L2, REAERFAIANAZEFRY
I 7 o F. 4k Al 69 Surflex-dock ZR 27~ 6-R 2 E B X AL AR #2569 4%
AEXEEAZAEER. MTT 242 FFHMNXER T TH 746 A 48 2 F 474 BPH-1 2956
¥, BRI AR E ZRERFE, B 5 F BN EBEfem e LI a7 5 IRI% A&
P 5K, , 3 B AP BE ST 7 X AR B IR IE , GE B b R B0 Gk 7 kAR 4% h 08 U7 BOME AT 9 AR 3E AE 6h BT 2 3k
IR AR LA Y.

KPR 2 FHMAKLE; Bk, o F i 6-84& % 8 £ dpH A7)

hmESEE. 0626 X HEkFRIZAD . A XEHS . 0190-6756(2018)05-1049-08

3D-QSAR and virtual screening of Sa-reductase || inhibitors of 6-azasteroids
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Abstract: Three-dimensional quantitative structure-activity relationship analysis of 37 6-azasteroids in-
hibitors was carried out by Topomer CoOMFA. The new model’s cross validation and correlation coeffi-
cient were ¢°=0. 774 and * =0. 965, respectively. The results show that the model has good prediction
ability and reliability. Virtual screening based on Topomer search of ligand, virtual screening based on
molecular docking of receptor and molecular activity prediction of 3D-QSAR model were applied to the
new inhibitor grading screening. Finally, four new inhibitor compounds with high activity were ob-
tained. The Surflex-dock results of new inhibitors showed that the interaction pattern between 6-azos-
terol inhibitors and 5a-reductase ]| target is mainly hydrogen bonding. The results of MTT assay show
that the new inhibitor could significantly inhibit the proliferation of BPH-1 cells and the degree of inhibi-
tion is concentration dependent. Molecular docking mechanism interpretation and prostatic growth inhi-
bition assay in cytological experiments are mutually validated. It is proved that this virtual screening

method can provide effective candidate compounds for the treatment of benign prostatic hyperplasia.
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K 4 5 50 iR 14 4= (benign prostatic hyperplasi-
a, BPHD J& % WY 53 M Z AR R, EBE R RN
PR PR PR AR PRI BR 25, 7™ H S W S8 4F 1Y
AT YL A DG 5T R L A 8 R O e R
WHORPE & B MR 5 R RS R A 0 & R )
FHOEET L AR P A T A M 2R SR S AE S
A JR B (5a-reductase, SAR) fYE T 7T LLEE 2R oy
AR M R R R A R RE AR
T ) B A 5 A0 K 5 R M ) B A

H Al R BT 8 B AR B I IR IR T B T AR S
FARIGIT AN 259036 97 W R W wl AT B AR
Il % So— i J5L il (SAR-11) 52 4K £ Z A7 5 i 51
i A BE AR AL BT LUER X S AR T 4 i 570 4 BF
il 0 1 A L 2 2 4 1 R A R A 9B AR
I ) — Rl A BRAG 7 kT SR T B AE AT At I PR
9 5 AR [T 404t 700 A0 SR AR /D> o &35 b 97 30 vy 146 4 T )
VER/INB BT 2500 K 0 R i B = 2 g R A ROG
% (Three-dimensional quantitative structure-rela-
tionship,3D-QSAR) & FI| F 25 ¥ 43 7 45 1 F1 4= )
SR L R AE W) K5 F R B AR A5 B Ll 4
RSP AT | o 6 S8 2 25 ) f4 BiT FN 0 L A F
& 458 25 Wy () BIF S TR A B X MEL R G M R R AR
PSS S AR T 0 590 (4 BIF & B i 5 AR 4 2R

[l

PRI R T — KRR K. 245 Nk, HIN
SNEBA KT 6- AR B EEIE SAR- LW 5] ) 3D-
QSAR HHICHFFE M HIE. A F KB SAR- 1 il
R oy RS HR 75 SAR- I #E R H AR
M5 AT H | ok — 0 3D-QSAR — To-
pomer CoMFA iz F | #4 & #7 ) 3D-QSAR A,
WA 3 ¥ B 420 R BL AT Topomer search £ R iz
FHEHT S AR- 1306 590 9 K 400 075 26 o b 07 2% 1 5 %
PR BB 6 500 2 iz FH TS ALBT L) 43 X H2 A
20 J 2 A %) 49 ot G 50 0 A 0 3 e A e
7 12 AH HL 30 Tk 90 A 5 4 0 A8 B AR T L LA
UEH I J7 ¥ BB %6 Sy B 25 B 4 A R n e 1k Ak
“Y.

2 MRAZE

2.1 H#ERIE

ARSCHEI 37 A 6-F A4 5 B¢ SAR- 1 41 il
R 43 T 454 5 16 Mk A SCkY S (L D Ll
Chemdraw Ultra8. 0 #4773+ - 4E 45 ¥ 1) 14 22 1%
o> TR A Sybyl X1, 1, 2R H] Powell Hk 84 i
B & B Tripos force 7137, %% Gasteiger-Marsili
LA e KA AR U8l 1000 YR RE B W S e g 22 14
#50. 005 keal/mol A, H 4 il 3L, Mini-
mize J& DLARAS fR AR RE fE 1L S W 45 4.
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Tab.1 Structures and 5a-reductase- || activities of 6-azasteroids
pICso

No QSAR set R1 R2 R3 1C50 (nm)
Actual Pred
1 test H H OCH; 3.2 8.49 9.32
2 training H H 0O-2-adamantyl 0. 04 10. 40 9. 66
3 training H H NEt, 1.5 8.82 9.21
4 training H H NH-1-adamantyl 0.07 10. 15 9.55
5 training H H NH-t-Bu 0.88 9.06 9.37
6 training H H N-i-Pr, 0. 36 9. 44 9.28
7 training H H NMeET 2.8 8.55 9.23
8 test H H NHCH,Ph 0.58 9.24 9.58
9 training H H N(CH:Ph), 0.13 9.89 9.55
10 training H H NHCHPh; 0.09 10. 05 9.83
11 test H H NHCPh; 0.09 10. 05 9.77
12 training H H NHCH (4-fluorophenyl) » 0.16 9. 80 9.88
13 training H H NHCH (4-chlorophenyD) » 0.12 9.92 9. 88
14 training H H NHCH (eyclohexyl)s 0.4 9. 40 9.75
15 training H H NHNPh, 0.23 9. 64 9.71
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(#Ex 1)
No. QSAR set R1 R2 1C50 (nm) PIC
Actual Pred
16 test H H Thiomorpholine 1.3 8. 89 9.17
17 training H H Bu 0.08 10. 10 9.41
18 training H CH; NEt, 2.3 8. 64 8. 88
19 training Cl H 1.9 8.72 8.55
20 training Br H NEt, 2.1 8.68 9.26
21 test 1 H NEt, 6.0 8.22 8. 46
22 training CH; H NEt, 3.9 8. 41 8. 26
23 test CH; CH; NEt, 4.5 8.35 8. 48
24 training H H NHPh 1.4 8.85 9.44
25 training H H NH-2-tert-butyl phenyl 0.2 9.70 9.59
26 training H H NH-3,5-bis(trifluoromethyl) phenyl 0.2 9.70 9.62
27 training H H NH-/-Bu 0. 88 9.06 9.37
28 test H CH; NH-/-Bu 1.7 8. 80 8.12
29 training CH; H NH-7-Bu 1.4 8.85 8. 41
30 training CH; CH; NH-7-Bu 8.6 8.07 8. 27
31 training H CH; i-Bu 0. 10 10 9.08
32 test Br H i-Bu 0. 40 9.40 9.03
33 training H CH3; NHCHPh, 0. 20 9.70 9. 50
34 training H H Piperidine 0.50 9. 30 9.23
35 test H H NOH-#Bu 0. 60 9.22 8. 67
36 training H H n-Pr 0. 30 9.52 9.35
37 test H H 2,4, 6-triisopropylphenyl 0.50 9. 30 9.38

2.2 Topomer CoMFA # 1% 5 RI15F

A G rh BEALPEE 29 A4 1] 550 4 Ay 455 8 4
S M) 4R £E (training set) , J i Bz /)y — 3 35 (par-
tial least squares, PLS) #1738 B E R 5L ¢° (H 1
a8 B — 1 (leave-one-out, LOO) #1781 & 5 1iF
FEC A EMTERE . AT 8 A 7R S
£ (test set) , LU IF BT (B 7Y (%) 413 B0 g . 4
il 700 3% M1 1Cs, (A7 H nmol/L) 4 5% 4k
pICs, (-logICs ), 37 b4 ) pICs, fH 1978 il 2
8.07~10. 4, % plCso {8 Y Fl 70 A ¥ 20, A B T
Topomer CoMFA &R 57 Fil 73+ i1 el i » H AR
(1) 454 5 % PR LK 1.
2.3 Topomer search

Topomer search J&3& F 5 fi (& £ R, Fifb &
YY) EI G 9 Topomer #4) 52 X1 4% | 1 42 L K 5¢ %
AL 5 W HEA T AR ALV 48 2R, J2 T A 1 40 9
TR ARHEE BT B B R ZINC 4 78
B % i lead-like 26 (1303868 AN 1) , LAIG M
B 4S5 T N X4, AR 35 Topomer distance
FIR) (LA 1 B O 0 &4 2R e DT R B s AR AR 1Y
R F Be OB I 43 1 AR L 19 R R Be s 48 15 1Y)
SAR-IT #4615 73+

2.4 HFHESW

T 57 F X HE0F 98 W0 A5 2 1 = 4k AR 45 4
KI5 T PDB ¥4 P (PDB: 210]) » il 56 X #0475 25 M
HEAT T B B SR HC A4 | 25 4mL7K 4 1 L &L B 3 18 i
SETALBET . BEEL Surflex-dock Y & A FEAR 2, A
Mo FiREH 20 DXTEM S, KRS SO E
BRI DUJE B 53 -4 S 2 BR 097 ) 2 1 410 i) 551
S FAER T SAR- I #E AR A0 1% PE 0 4%, 15 2] d
5 ZRM S5 5 A 5 IRAE AT 43 R AL C-score A I
Total score {8, #k i th e 0844 42 09 3% P 0 T 1E M
2D WS G NERIE b 43 B R R 1 4 ) 3R
T 52 S G A0S DL S BAE O =L
2.5 FWEIFEYEFENNTSNE

KA MTT 32 00 72 3 #4 2 1) S AR il 71) ()
SO B E T 2 R BPH-1 48 i 38 58 (49 5% o,
BPH-1 42 DL 5< 10" ml () %5 BE /0 T 96 FLAR
L EE 24 b I AAS [R) v BE BT SAR-TTH 1 57 (0.
25.50,75,100,125 F1 150 uMD100 ul,fG4Hi%E 6 &
FL. k3 24,48 1 72 h, BFFLINA MTT % (5
mg/ml)20 ul 4kEE15F5F 4 h, %@ K 570 nm & 4
FLIR G REAE COD (B , 115 20 334 i 41 o =5

2 3G GE A ) 3 = (1 SEgR 20 A /X RRZE A
i) < 100%.
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2.6 ZitESH

K ] SPSS13. 0 G i 3k 47 £l ab 3, 50 50
S5 R DL E AR M 25 3R AL Al FE R BRI R T
ZoHr. LA P<0.05 2R HAg gt egm .

3 BR5IE

3.1 3D-QSAR & 4347

PINZREE e AT AR ME Y 4 5007 AR (tem-
plate) B3 T-H1%) R R1 AT R2 BN BECE D). B
Topomer COMFA MBI f 2~ 0. 774, 2} 0. 965, B
TR RS 88 N 8 1o briEdw 25 SEE 2y 0. 231, Fisher
K3 (8 (F {8 g 115. 396 (W% 2). Hih ¢#>0.5 H
=>0. 6 4K GE i 2# bn o Ud IR 3D-QSAR A LY #%
FHAR RV A R A A e PR RN T {5

FH B AL R 8 I 25 4 R 3 4 2 Sl AT N
T 0 A B I L B P 2 BT DS 5 A T (R 2 5
O T LA (] U A B S0 L AR R ) S S 58 I S A
KRB rivea A 0. 792, R UK AH 5 BUE A K4
A4 00 2 5 A O JEE L B AT IR B Y TN

B1 4% 5FemasX
Fig. 1

Cutting style of molecule 4

& 2 Topomer COMFA EHE 44 R
Tab. 2 The results of the Topomer COMFA Model

Statistical parameter N q* r? Pored SEE F S E
Topomer COMFA 1 0.774 0.965 0.792 0.231 115. 396 59.4% 40. 6%
105 - [ ® Training set SRR S X SR A 22 54 F (pIC;, =
I CR T o o8 8. 41) X T HL 45 4 4 fB1BE B 5 119 19,20 B4 T
§~ ol o 2 Re ’ (pIC;,=8. 68~8. 72), H R2 J B v A1 3k i 25 [ #y
2 4| T o SR TR T R T A5 4 T s M A
= 51 %o FE 3C Sy R A B i i 7 55 95 P 20 6 RS i
T s s o s 10 s T RU A Bosm i 6 WIAE %3 00 51 A 601 1 SR 1
Actual pICS0 DA R0 004G S S B . & 12

B2 WA REERMALS TN EHASG Lt R

Fig. 2 Linear regression between the observed ac-

tivity and predicted activity of inhibitors

3.2 Topomer CoOMFA = 4 ZHE S

Bl 3 Sk 2 5 43 W S 1R 3 R L b — 4 A A
K LH R E 3A S R1 A BERY ST AR SRR 4t fs
S AT R 40 1 00 T 3 B A
o R MA AR ER. 2 k.2 5.4 54 F
(pICs, =10. 15~10. 40) [ 15 P 76 A H o 48 H HE
LA 528 TAE RL R BEBIA T AR /B K
(14 P O Jot T HR: DU T A%, 3800 T ST AR 3 A R 4
R AP iE e B . RRE R 5 BEg I AT A6 H
Lok & L2 (M S5 R TR B R IR L A3 9,10, 11 543
F(pICy,=9.89~10. 05)R1 A BEAE 1% M WA W AR
THZX WA 3.7.18 54 F (pICy, = 8. 88 ~
9.21). K 3B A R2 JF BEWSE AR K R2 A B
T2 it A — A (O AL L R I O A BB S N R

13 5431 (pICsy =9. 8~9. 92)R1 K B K i A £ 4
H, 7P A 1 R B A TR v T 14 515
S (pICs, =9.40~9. 64). & 4D K R2 F B
7 E A — R AR AT R2 FBER
Uiig o 2 W 5 TE AR FH i 50 PE AR FH 55 0 58 A TR A
FIF 0 R A& P R iR . 3 54 (pICs =
8.82)R2 J BOR Ui H - AHXT 5 20,21 54+
(pICs, =8.22~8. 68)R2 JF B AR I 1) 10 Ji ¥ g & At
Ji A7 PR AR B 55 o (o 75 L 1 T 5.
3.3 EMmES S Figit

S5 AR AR o TG R . SRR A
HE S RE R FIEEN R EZERA T
R1 F B¢, A1t Topomer search F# E I T R1 J
BEO) 25 4 2E 47 HE LR 6. AR % Topomer distance
{H (Max Distance=185) 3 PEA i i B 5 )1l 4k 42
AN R Be iy AH LB, 2 R R Be i P o3k R
(TOPCOMFA_RI1>D) [ #4753, 454 Topomer
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CoMFA H7 () = 4 45 # K] a3 | 47 5 7%t
M listquery visual 455 rpfifi b Hy 30 4~ H B B e

A.R1 Fr By k3

A. The steric contour map of R1 fragment

PR 7 AT 9 RT3 . 45 2 30 it
F4 410 i 5 Ak & 0.

B.R2 J Bt S ik

B. The steric contour map of R2 fragment

C.R1 By ds
C. The electrostatic contour map of R1 fragment
B 3 Topomer CoMFA A ¢y = 4 & HH
Fig. 3 The contour maps of Topomer CoMFA model

XoF BT 40 1 R0 Ak A W AT 4 R Y e S R A 1Y
oAb 3l it oy 0 4 J7 vk 2R AT 40 G 0L 1 L 8
30 ML A YIRS SAR- T =4k IR S5 M, 45 &
XM G MR C-score {EI# 43 (C-score=5) , Total
score {H =9 Ay Je 0 18 52 Ui 6 45 0 B e 4 1 13
B SAR-IL #0171 4» +. # — 22 H Topomer
CoMFA BRI H AT 73+ i P T, £3 B8 1% Pk v
T 2 555 F (plCs, >10. 4) By Fr Ml 7 7 7 i &

D. R2 i Beryiiiis

D. The electrostatic contour map of R2 fragment

B 3 4 A v I PR AR I R 2> R 3 Ry o T
S5 -5 00 G A AR T LA B 4 8 SAR- A il
FR o3 5 K BT R ELAT v 1 T 3 A (R L n3
3 1 TN 5 P e v L e B B SR 3 1 BT B2
AR T H B 5 B 5 3k 5 R R 2 Y Y R R — B
LRI Tk B 59. 4200 IR 84k F ik i 51
et T AR 4 i S i

£33 HETSTFHEMRBEETNE

Tab. 3 Structures and predicted plC;, activities of new designed compounds

No. Structure Pred Total score
H \\V¢/‘
nl(ZINC00340497) { 10. 43 9.582
(6]
I F
O,
n2(ZINC04278432) o 10. 51 10. 225
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(8% 3)
No. Structure Pred Total score
n3(ZINC08377922) 10. 62 10. 317
H
Q
nd4 (ZINC08318877) 10. 47 10. 049

3.4 SFXESW

W 5 3% P B SR 4 B 03 B4 AR SR WF ST
S F AR B T SAR-TT AR B9 20 A%
BX%F 4 i, % BU C-score=5 H. Total score i &
(Total Score=10. 317) B 45 R HEAT 6-% 24 55 &
A 7 5 L S 25 A B A . B 4B FE
4C IR n3 S4r FAAI 0L T SAR-T G H: 14,
TERC PR S Ve AR AR 5 A SRR . 5 ek
F R THR347,ASP351,ARG394 f1 HIS524 1k
TR T 5 AUk (B 4A S B 6B 3R
Hrp/Ny PR R R BEARR 2 B RES

2.43 “ AJASP351
2.00

\ A/THR347

\£57
\

1
F » 196
] ¢
A0 .
/ A/ARG3%4

A/HAS524

ARG394 MR TR FEIE WL T P4~ Ui L R 20 1l
2.00 Fl 2. 43 A, 54 W b T 18 B0 XU AR A R
THEI/NY TR AR 5 HEAR 2 R B0 25 R E Tk
i v 0 R0 ) A 2 A = G A A
R1 7 B i (9 20 (A e 3 R 245 i 4 SR B —
. R FBOm ok ok 4 57 B 3k 0 S0 1 5 Bk
THR347 45 TR — A K 4Lk (2. 70 AL ix
AU A RT 5 B BOFC e BAT BOR Y
et A A TR R 5 R SR X A
T o0 AR ELAE T 24 45 RE f i DAL L o Je S
i 750 231 VE FA ML (9 BT 5 £ (4t 1 AR e i1t S e

B4 n355TF5200] gl se s FragXERAA

Fig. 4 The docking interaction patterns of 210] active residues with compound n3

3.5 EWMFEEDSMKS
B 03 AL Yy AE D 2 W o 3 P A LA
A TR) e JBE Ak BERT B )R 38 A= BPH-1 40 i 24,48 Al

72 hoafad MTT 5296 4G 00 4 75 7 L 30 <6 550 %8 4
N B M. SR 25 R 5 T LU B BPH-1
290 i 1) 384 ZEL 400 8] 3R B 25 0 1 T T ) S T 32
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B, Horp n3 503 7k Bl 150 um/LAEH] T
BPH-1 4l 72 h J5 40 %0 w2 5 OD
LR B4R 2R BA R ENSIH R
SCP<C0.01). 254 A= Wy 2 % PR Il 485 2R Bl s 8
IR n3 fLGWr6e 2 il BPH-1 40 ffa 3 58 . H
0ot R B B v AR M (3R 4).

x4 n3B4Fx BPH-1 20 ff 15 58 &Y %2 1

Tab.4 The effect of n3 compound on the proliferation of

BPH-1 cells
e ODs7ofd
21 5
(um/L) 24 h 48 h 72 h
SHMA 0 0.3640.21  0.5440.21 0.86=0. 26
25 0.3440.14  0.49+0.10 0.80=+0. 25
50 0.3240.22  0.4240.33 0.56+0.13
o 75 0.29+0.16  0.34+0.16*  0.51+0. 21
ik 21

100 0.23+0.12* 0.32+£014**  0.41£0.15**

125 0.20%0.12** 025+0.12** 0.3440.13**

150  0.19+0.16** 0.20%+0.13** 0.2440.16**

I : "P<C0. 05, " "P<<0. 01 KR 5 25 11 4 AH L 40 M0 389 56 300 1 R A 12

80 ——241
—o—48 h
g —=g==72 h
M 40
E
=
0
0 25 50 75 100 125 150

3 A PHSE (um/L)

B 5 FRKE 3 b4 BPH-1 4908 24,48,
72 h o gn B 5 A b

Fig.5 Proliferation inhibition rates of BPH-1 cells

treated with different concentrations of n3

compounds for 24, 48 and 72 hours

TR

S T3ROS AR- T 30 ) 551 L 48 5400 il 550 43
5 SAR- I #8586 A AR 7 0 AR F R A To-
pomer COMFA J5E:Xt 37 4~ 6-A 2= 8 BE 2 5AR-
IR AT T =2 RO R T UUAE R 2
YT 5k . 45 G 3D-QSAR BRI ¢° Fil
Uk BB AR R HL A [ G ) T B N I BE f. A
FH 73 9% 1 009 16 BV BT Topomer search 4 JE 48 i
VB LT3 5 X B2 4 ME 007 B LB T 3D-QSAR #
A1 pICs, T, fie 20 2 HH 4 A v 1 1 108 B 90 161
73 . Surflex-dock 453 B /x50 70 7 5%

SRR AR B ILIE R T 5 AU L R 6- (44
AR 5 S AR I HE A oo i) S AR . R
MITT 3 I 41 1 500 0 5 1) B0 IS 410 e 8 A4 9% 4
ISR B R B e & W e 2 4 ) BPH-1 40
P B o LA ) JBE A R AR P il i s ST A R
PR 93 G R FU T LA B 73 Xof $2 HL LA A it =
S 56 J2 AT A1 ) AT S R G A A DA e RE
R ROE RS L e AU 356 7 ¥ RE A8 D T0 i 41 Jik 1
A= B 25 BT L 25 W O R S B A B T

S & Uk
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