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ABSTRACT 

A database consisting of 23 tripeptides was used to study the quantitative 

relationships between electric surface potential descriptors and antioxidant activity 

QESARs. The important structural descriptors SaaNH_acnt, SsOH_acnt, SaaN, 

SaaN_acnt, SsssCH, SaaaC, SsNH3p, SdO, SdO_acnt were selected for constructing the 

linear models QESARs with genetic algorithm. The best 4-variable linear model 

QESARlinear including the structural descriptors SaaN, SdO, SdO_acnt and SsOH_acnt 

was constructed. The quality QESARlinear was exhibited in statistical values R
2

fitness of 

97.5660, standard error of estimation SE of 0.0378, F-stat of 130.2731, R
2

test of 93.3851. 

The non-linear model as neural network model QESARneural I(4)-HL(3)-O(1) with R
2

fitness of 

98.2296 was built by using structural descriptors in QESARlinear model. The antioxidation 

activities of tripeptides resulting from QESARlinear and QESARneural model were pointed 

out in values MARE, % of 27.4282 and 20.0672, respectively. 

Keywords: QESARs model, multiple regression,  

neural network and antioxidation tripeptides 

* 

1. Introduction 

The antioxidation compounds prevent 

the biological and chemical substances from 

radical-induced oxidation damage [4]. The 

hydrolysis from various proteins, such as 

soybean, casein, bullfrog, royal jelly, venison, 

r-lactalbumin, myofibrillar, rice endosperm, 

have been shown to have antioxidant 

activities against the peroxidation of lipids 

or radical scavenging activities [1]. 

Relationships between structural desc-

riptors (electric surface potential) and antio-

xidation activities QESAR may indicate 

quantitatively change of biological activity 

or physicochemical properties corres-

ponding to composition of amino acids in 

peptide chain [2], [3]. 

This work reports the use of 

multivariate regression and neuro-fuzzy 

technique with genetic algorithm to 

construct the quantitative relationships 

between electric surface potential 

descriptors and antioxidation activities for 

tripeptides. The electric surface potential 
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descriptors of tripeptides are calculated by 

incorporating molecular mechanics MM+ 

and semiempirical quantum chemical 

calculation SCF PM3. The linear model 

QESARlinear and non-linear model 

QESARneural are founded by those 

structural descriptors. The antioxidant 

activities of tripeptides resulting from 

these models QESARs are compared to 

those from literature. 

2. Methodology 

2.1. Antioxidant data 

The experimental data of 23 

antioxidation tripeptides used in this study 

(ACexp: antioxidant activities of peptides 

were measured by the ferric thiocyanate 

methods which are relative activities by 

adjusting the control 1.0) were taken from 

a source of Li Yao Wang [1]. The 

experimental data were divided into the 

training set as calibration group and the 

test set as external validation set. The 

validation set of 5 tripeptides was derived 

randomly from original data. The 

remaining tripeptides were constituted the 

training set. This set includes 18 

tripeptides with values of experimental 

activities, as listed in Table 1. The ACexp 

values in range 0.0441 – 0.6369 were used 

to fit for the adjustable parameters of 

QESAR models. The test set consisting of 

5 tripeptides in Table 5 with ACexp values 

in range 0.3170 – 0.6369 was used to 

evaluate its predictability. 

Table 1. The tripeptide structures and experimental antioxidant values ACexp ,  

respectively [1] 

N
o
 Tripeptide ACexp   N

o
 Tripeptide ACexp 

1 CYY 0.4699  13 HHR 0.0635 

2 HHA 0.0680  14 HHS 0.0862 

3 HHC 0.1277  15 HHT 0.0862 

4 HHD 0.1877  16 HKH 0.0441 

5 HHE 0.1877  17 HRH 0.0441 

6 HHG 0.3170  18 LWL 0.6061 

7 HHI 0.0680  19 PWK 0.4066 

8 HHK 0.0635  20 RWK 0.6061 

9 HHL 0.0680  21 RWQ 0.6061 

10 HHM 0.0817  22 RWV 0.6061 

11 HHN 0.3170  23 YYC 0.6369 

12 HHQ 0.3170        
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2.2. Electric surface potential descriptors 

The tripeptide structures were built 

and optimized by using MM+ molecular 

mechanics method and semi-empirical 

PM3 calculation level in package 

HyperChem [5]. The optimization was 

performed by Polak-Ribiere algorithm at 

gradient level 0.05. Tripeptide notation 

and their experimental antioxidant 

activities are presented in Table 1. 

Program QSARIS [7] was used to calculate 

the electric surface potential descriptors of 

each tripeptide, respectively. The electric 

surface potential descriptors with 

calculation techniques were pointed out in 

literature [9]. 

2.3. Regression analysis 

A step-wise multiple linear regression 

MLR procedure was used for variable 

selection or model development. It is clear 

that MLR models can be obtained using a 

step-wise multiple regression procedure; 

among these models, the best one must be 

chosen [8], [9]. For this objective, it is 

common to consider four statistical 

parameters: the number of molecular 

descriptors, the square correlation 

coefficient (R
2
), the standard Error (SE) 

and the F-stat value. A reliable MLR 

model is one that has high R
2
 and F 

values, and low SE and number of 

descriptors. Multiple linear regression 

(MLR) techniques based on least-squares 

procedures are very often used for 

estimating the regression coefficients 

using program packages Regress [8] and 

QSARIS [7], [9]. 

2.4. Neural networks  

Neural networks NNs are artificial 

intelligent systems. They use a large 

number of interrelated data-processing 

neurons to emulate the function of brain. 

Although there are several NN models in 

use today, the most frequently used type 

I(i)-HL(m)-O(n) in this research consists of 

three-layered back-propagation neural net. 

In this neural net, the neurons are 

arranged in an input layer I(i) with i 

neurons, a hidden layer HL(m) with m 

neurons, and an output layer O(n) with n 

neurons. Each neuron in any layer is fully 

connected with the neurons of another 

layer. The neural net was trained by using 

the parameters as sigmoid transfer 

function was applied to each node in the 

hidden layer, momentum 0.7, learning rate 

0.7 and random seed 10,000 [6].  

3. Results and discussion  

3.1. Variable selection and linear 

relationship  

The correlation between the electric 

surface potential descriptors and 

experimental antioxidant values was first 

constructed based on the training set 

through linear regression analysis. Four 

descriptors SaaN, SdO, SdO_acnt and 

SsOH_acnt were identified and included in 

the QESARlinear model, and there was no 

significant correlation between the 

selected descriptors.  

The electric surface potential 

descriptors were selected by using the 

linear regression techniques forward and 
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back elimination. The best-suitable model 

QESARlinear (1) with four variables was 

selected to describe accurately the 

quantitative relationship between electric 

surface potential descriptors (X) and 

antioxidant values (Y). 

AC = 0.4002 – 0.0753SaaN – 0.0671SdO + 

0.8702SdO_acnt – 0.0765SsOH_acnt (1) 

The linear model QESARlinear (1) with 

k = 4 was adopted with statistical value 

R
2

test of 93.3851. The quality of this model 

QESARlinear was also reflected by value 

R
2

fitness of 97.5660, standard error SE of of 

0.0378 and F-stat of 130.2731. The t-Stat 

ratio values of coefficients in linear model 

QESARlinear were tested by statistical 

criteria at confident level a = 0.05. These 

turn out to be very satisfactory for 

statistical standards. This linear model 

QESARlinear (1) needs also to be validated 

by cross-validation and external 

validation. The cross-validation results 

showed that linear model QESARlinear (1) 

can be used to predict the antioxidant 

values of any tripeptides. 

 

 

 

 

 

 

 

a)                             b) 

Figure 1. a) Mean values of contribution percentage MPxk,%;  b) Correlation of values ACexp versus 

ACpred of training set (o) and the test set (●) for QESARlinear model and QESARneural model (∆) 

Moreover the important contribution of 

molecular descriptors in this model 

QESARlinear (1) was arranged in order 

SdO_acnt > SdO > SaaN > SsOH_acnt. 

These based on the mean values of 

contribution percentage MPxk,% [9]. In this 

case the magnitude of regression coefficients 

orresponding to each descriptor was 

arranged in order SdO_acnt > SsOH_acnt > 

SaaN > SdO. The values Pmxk,% and 

MPxk,% for each predictor in model (1) was 

exhibited in Figure 1. So, the important 

contribution of each descriptor in this model 

QESARlinear (1) may not rely on the 

magnitude of the coefficient to make. 

The values Pmxk,% and MPxk,% in 

Figure 1 were calculated by following 

formula [9]. 

total,,
C.100,% imimkm xbxP         (2) 

 



N

j

imimkm xb
N

xMP
1

total,,
C.100

1
,%  with Ctotal = 



k

i

kmkm xb
1

,,   (3) 
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Where N of 18 is number of 

tripeptides in training set; and m of 4 is 

number of predictors in this model 

QESARlinear.  

3.2. Neural network model  

The NN models were generated by 

using four descriptors appearing in linear 

model QESARlinear (1) as their inputs. One 

neuron, which encoded the antioxidant 

activity, constituted the output layer, and 

the hidden layer contained a variable 

number of neurons.  

The non-linear model as a NN model 

QESARneural was created by incorporating 

the neuro-fuzzy technique with genetic 

algorithm in INForm system [[6]]. This 

non-linear model type consists of three 

layers I(4)-HL(3)-O(1). The input layer 

I(4) involves four neurons SaaN, SdO, 

SdO_acnt and SsOH_acnt. The output 

layer O(1) is only neuron ACexp. The 

hidden layer HL(3) includes three 

neurons. The quality of this non-linear 

model QESARneural appeared by value 

R
2

fitness of 98.2296. 

3.3. Comparison of QESARlinear and 

QESARneural models 

Predictability of linear model 

QESARlinear and non-linear model 

QESARneural was validated carefully by 

leave-one-out validation techniques. The 

predicted antioxidation values of 5 

tripeptides in test set resulting from these 

models, as shown in Table 2. 

Table 2. Experimental ACexp and predicted ACpred antioxidant activities of 5 tripeptides. 

No Tripeptide ACexp 

 linear model QESARlinear  non-linear model QESARneural 

ACpred ARE, % ACpred ARE, % 

1 HHN 0.3170 0.2491 21.4259 0.2856 9.9054 

2 HHQ 0.3170 0.2255 28.8530 0.2570 18.9274 

3 PWK 0.4066 0.6059 49.0205 0.5905 45.2287 

4 RWQ 0.6061 0.7354 21.3278 0.5600 7.6060 

5 YYC 0.6369 0.5317 16.5136 0.5180 18.6686 

Value MARE, % 27.4282   20.0672 

The predicted resulting from these 

models was judged by absolute value of the 

relative error ARE, % [9], [10], the 

medium absolute value of the relative error 

MARE, % [9] was used for assessing 

overall error of models QESAR. 

The predicted values resulting from 

these models QSARs were judged by 

the absolute value of the relative error 

ARE, %: 

exppredexp )/ACAC(AC100ARE,%  (4) 
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The medium absolute values of the 

relative error MARE, % were used for 

assessing overall error for models QSARs: 

exp

predexp

AC

)AC(AC100
MARE,%




N
    (5) 

Where N of 5 is number of tripeptides 

in test set; ACexp and ACpred are 

experimental and predicted antioxidant 

values. 

ANOVA one factor rating also pointed 

out that the antioxidation values resulting 

from linear model QESARlinear and non-

linear model QESARneural turn out to be 

not different (F = 0.0494 < F0.05 = 5.3177). 

However, model QESARneural has less 

MARE, % value than model QESARlinear. 

4. Conclusion  

This work has appeared successfully 

the construction of linear model 

QESARlinear and non-linear model 

QESARneural. The Genetic algorithm was 

used to select consistently the important 

descriptors from a set of molecular 

descriptors to establish the best-fitting 

model QESAR. The non-linear model 

QESARneural turn out to be better 

predictable than linear model QESARlinear. 

The above results obtained from this work 

can become a good research way and 

promise for prediction of antioxidant 

activity values for tripeptides. 

* 

NGHIEÂN CÖÙU QESAR CUÛA NHOÙM TRIPEPTIDE  

NHÖ CAÙC TAÙC NHAÂN CHOÁNG OXI HOÙA 

Noâng Thò Hoàng Duyeân
(1)

 – Phaïm Vaên Taát
(2) 

(1) Tröôøng Ñaïi hoïc Khoa hoïc – Ñaïi hoïc Hueá; (2) Tröôøng Ñaïi hoïc Thuû Daàu Moät 

TOÙM TAÉT 

Moät cô sôû döõ lieäu goàm 23 tripeptide ñöôïc söû duïng ñeå nghieân cöùu caùc moái quan heä 

ñònh löôïng giöõa caùc tham soá beà maët theá tónh ñieän vaø hoaït tính choáng oxi hoùa QESAR. 

Caùc tham soá caáu truùc quan troïng SaaNH_acnt, SsOH_acnt, SaaN, SaaN_acnt, SsssCH, 

SaaaC, SsNH3p, SdO, SdO_acnt ñöôïc choïn ñeå xaây döïng caùc moâ hình tuyeán tính QESAR 

baèng giaûi thuaät di truyeàn. Moâ hình tuyeán tính 4 bieán soá toát nhaát QESARlinear bao goàm caùc 

tham soá caáu truùc SaaN, SdO, SdO_acnt vaø SsOH_acnt ñöôïc xaây döïng. Chaát löôïng moâ 

hình QESARlinear ñöôïc theå hieän ôû caùc giaù trò thoáng keâ R
2

fitness = 97,5660, sai soá chuaån öôùc 

tính SE = 0,0378, F-stat = 130,2731, R
2

test = 93,3851. Moâ hình phi tuyeán laø moâ hình maïng 

rôron QESARneural caáu truùc I(4)-HL(3)-O(1) vôùi R
2

fitness = 98,2296 ñaõ ñöôïc xaây döïng baèng 

caùch söû duïng caùc tham soá caáu truùc trong moâ hình QESARlinear. Caùc hoaït tính choáng oxi 

hoùa cuûa caùc tripeptide nhaän ñöôïc töø moâ hình QESARlinear vaø QESARneural cho thaáy caùc giaù 

trò MARE, % = 27,4282 vaø 20,0672 töông öùng. 

Töø khoùa: caùc moâ hình QESAR, hoài qui boäi,  

maïng thaàn kinh vaø caùc tripeptide choáng oxi hoùa 
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