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Abstract

In this paper, the QSAR model was established for the optimization of candidate drugs for breast
cancer, and the quantitative prediction model of ERa biological activity based on BP neural net-
work was constructed and predicted by MATLAB software. The three-layer BP neural network is
constructed, and the final model is selected after 10 times simulations by the Levinberg-Maquart
method and the quantitative conjugate gradient method. The model shows that after 17 iterations,
the residuals converge, R2 reaches more than 0.75, and the mean square error is 0.787. The model
fits well. Subsequently, the model was used to predict the biological activities of 50 compounds in
the test table, and the results were filled in the corresponding column.
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Figure 1. Artificial neural network structure
B 1. ATHEMELE
PA_E T Ul B s R RN y St x 1198 &
n
ﬂZf[émﬁfﬂ] @)

i, XL x2,---, X010 FRHINAE S5
Wil wi2, -+, wil0 RKRHHZ 0 | IIBUE
0 J9IEIH ;
yi ARG i B .
HBOE RO . VR RHIEREL BB K%L S (Sigmoid) B AR S ALk £, IZIE I o
= 2 [0 S UG R AL, B
F(X) =2 -1, (1< £ (%) <1) 2)

1+e™*

BP (Back Propagation) #1452 M 45 & — P AT P £ N 4%, BG5S AT, RZ e . 55 &R
TE2 iR, —AMMEamMEEas =2, F-BENRAE, BEAREE, FEENmMHE.

BERE AERE | BEEE ol
gll gl2 wilm glm o
AER BERE PN | BERE 2
921 922 BERE w2m g2m il
BERE AERE | BETE o
gnl gn2 wnm gnm IR
J
Y Y
RaR @R

Figure 2. Neural network propagation path
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Figure 3. BP neural network operation flow chart
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Table 1. Network error

1 MEIRE

M T 1 2 3 4 1962 1963 1964
EESE TS 0.010 0.573 0.545 0.839 -1.037 0.180 -1.325

Best Validation Performance is 0.78651 at epoch 11
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Figure 4. Residual convergence
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Figure 5. Regression
[ 5. Regression

I 10 AL, S RRGE ) 10 ANREAS BT B2 (10 AR 00 P TIME 5 A i 22 e ik, RS FE iR
H GO EMEE R, RARIRMEERNE 5 P, RIYE 0.7 DLE, WEERS, 4RAEAF &
FIAIEEE . HT pIC50 2 1C50 ) Bk ki, wid s, HisH A A:
IC50 =107 7' ®)
R AR A TR RS, XS0 “ERo_activity.xlsx” ] test 2 1) 50 Mk &4 4T 1C50 {EFIXE
NiF pICB0 {ERHTTM G, R RIEANT “ERo activity.xlsx” FJ test R 1C50_nM Fill K%t B
pIC50 %1, &nahRERIE 2 fis.
Table 2. Predicted bioactive IC50 and pIC50 results
= 2. FUMEYAEAIEME 1C50 F1 pIC50 455
SMILES IC50_nM pIC50
COclcc(OC)cc(\C=C\c2cecc(0OS(=0)(=0)[C@@H]3C[C@@H]40[C@H]3C(=C4c5

cce(O)ce5)cbeec(O)ecb)cc2)cl 595.799 6.225
OC(=0)\C=C\clcce(cecl)C2=C(CCOc3ccccc23)cdccec(O)ccd 141.026 6.851
COclccc2C(=C(CCOc2c1)c3ccec(0)cee3)cdcec(\C=C\C(=0)O)cc4 143.087 6.844
CC(C)C[C@H](NC(=0)[C@]1(C)ccc\Cc=C/C[C@H](C)C[C@](C)(NC(=0)[C@H
J(CCCCN)NC(=0)[C@H](Cc2cnc[nH]2)NC(=0)C)C(=O)N[C@@H](CC(C)C)C(= 0111 9.953
O)N[C@@H](Cc3cnc[nH]3)C(=O)N[C@@H](CCCNC(=N)N)C(=0O)N1)C(=O)N[C ' '
@@H](CCC(=O)N)C(=0)N[C@@H](CC(=0)O)C(=O)N[C@@H](CO)C(=O)N
CC\C(=C(/clccc(O)ccl)\c2cecc(OCCN(C)C)ee2)\e3cece(ce3)C(=0)NO 102.188 6.991
CC\C(=C(/clcec(O)cel)\c2cecc(OCCN(C)C)ee2)\e3cec(CCCCC(=0)NO)ce3 115.744 6.937
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iZH Matlab HEIPHZMZKAR, BT IWL_1 fhiddEid £, MUCRRET AME AR, HAGRS
—F:

function [Y,Xf,Af] = myNeuralNetworkFunction(X,~,~

%imA 1

x1_stepl.xoffset =

[-0.959;-0.28044;-2.13884;-6.21238;-4.95147;-0.86629;-0.9518;-0.81305;-0.3341;-2.3047];

x1_stepl.gain =

[0.0813653761033145;0.0653666119112348;0.353827618722435;0.107571703263457;0.31310566376835
2;0.393439011051702;0.110856141984547;0.205235559112972;0.185961574759807;0.497050008201325];

x1_stepl.ymin = -1;

% J=iK 1

bl =

[-1.8111078060248325;1.4282247551582381;-0.90375982196551596;-0.43482491375879534;-0.1414838
5537068167;-0.36312851996008744;-0.72403667783393577;-1.1031963793364412;1.4281464859036888;1.74
88087416098097];

IW1_1 =[0.76888607300302514 0.057461449570589615 0.22616072432086912
0.2389943344597017-0.45858207366829273 ...... 1

% JEIR 2

b2 =-0.56306330953903883;
LW2_1 =[-0.6941891684317768 0.20237767688952646 0.85292026637443752 0.22063298452340385
-0.10509355479025818 0.63502770960891264 0.63730818276650569 -0.30593569017895728
0.10969211004056961 -0.012179211610543887];

% fth 1

yl stepl.ymin=-1;

yl stepl.gain = 0.253774901662226;

yl stepl.xoffset = 2.456;

% %NS

isCellX = iscell(X);

if ~isCellX

X={X}

end

% SRAFEHERE RN

TS =size(X,2);

if ~isempty(X)

Q = size(X{1}1);

Q=0;

end

%) TiC an HH
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Y =cell(1, TS);

% &

for ts=1:TS

% N 1

X{1,ts} = X{1,ts}";

Xpl = mapminmax_apply(X{1,ts}x1_stepl);
% EIR 1

al = tansig_apply(repmat(b1,1,Q) + IW1 1*Xp1l);
% JEIR 2

a2 = repmat(b2,1,Q) + LW2_1*al;

% it 1

Y{1,ts} = mapminmax_reverse(a2,yl stepl)Y{l,ts} = Y{1,ts}'

end

% o IEIE RS

Xf = cell(1,0);

Af = cell(2,0);

% t&AHASH

if ~isCellX

Y = cell2mat(Y);

end

end

ol S 5 /N M e K N\ A L T
function y = mapminmax_apply(x,settings)
y = bsxfun(@minus,x,settings.xoffset);

y = bsxfun(@times,y,settings.gain);

y = bsxfun(@plus,y,settings.ymin);

end

% X Mk A% R 2

function a = tansig_apply(n,~)
a=2.(1+exp(-2*n)) - 1;

end

% WS ER /N B K A HE PR 3 1) A L T
function x = mapminmax_reverse(y,settings)
x = bsxfun(@minus,y,settings.ymin);

X = bsxfun(@rdivide,x,settings.gain);

X = bsxfun(@plus,x,settings.xoffset);

end
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