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The hydrolysis of 29 pheny! hippurates (XC,H,O0COCH,NHCOC H,) by the cystein protease actinidin has been
investigated with artificial neural networks (ANN), using as structural descriptors o (the Hammett constant), 7,
(the hydrophobic constant for the more hydrophobic of the two meta substituents), and MR {the molar refrac-
tivity of para substituents). The quantitative structure activity relationship (QSAR) formulated with ANN is
compared with a multiple linear regression QSAR. The chance correlation of ANN models is investigated using
a random assignment of experimental output patterns, and the predictive ability of the neural networks is tested
with the leave-one-out method.

INTRODUCTION

Artificial Neural Networks (ANN) are a promising new method for solving hard problems by
virtue of their ability to construct an internal representation of the problem which allows accurate pre-
dictions to be made for similar problems.>* In many chemical areas there is a wealth of experimental
data but a scarcity of rules to define the chemical process. In such cases ANN, which employ learning
procedures to develop intemal representations from examples, may be able to discern patterns in the
data which would allow the development of very accurate models of the chemical phenomena.>”’

Recently there has been growing interest in the application of neural networks in the field of
quantitative structure-property relationships®'9 and Quantitative Structure-Activity Relationships
(QSAR).1'!2 It has been demonstrated that this new technique is often superior to the traditional
MultiLinear Regression (MLR) analysis. The commonest type of ANN used in QSAR is the Multi-
Layer Feedforward (MLF) network, consisting of three types of layers of units (or artificial neurons): a
layer of input units is connected to one or more layer(s) of hidden units, which is connected to a layer
of output units. The activity of the input units represents the raw information that is fed into the net-
work. The activity of each hidden unit is determined by the activities of the input units and the weights
on the connections between the input and hidden units. Similarly, the behaviour of the output units
depends on the activity of the hidden units and the weights between the hidden and output units.

The scope of the present paper is to study the applicability of ANN to investigate the hydroly-
sis of phenyl hippurates by the cysteine protease actinidin, and to compare the results with the predic-
tions of the MLR model for the same set of compounds. The chance correlation of ANN models is
investigated using a random assignment of experimental output patterns. The predictive ability of the
neural model is tested with the leave-one-out cross-validation method.
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RESULTS AND DISCUSSION

Actinidin is a cysteine protease isolated from the fruit of Actinidia chinensis (Kiwi fruit); the
cystein protease actinidin hydrolysis of 29 phenyl hippurates, with the formula XC,H,OCOCH,NHCOCH,,
has been investigated using MLR QSAR.!* The model contained as structural descriptors three empiri-
cal substituent parameters: o, the sum of the Hammett constant for the substituents in the positions 3, 4,
and 5; m,, the hydrophobic constant of the more hydrophobic of the two meta substituents; MR,, the
molar refractivity of the substituent in the 4-position of phenyl hippurates. The structures of the 29
phenyl hippurates, the substituent constants, and the experimental logl/K  (where K_ is the Michaelis
constant) are presented in Table 1 and were used in ref. 13 to develop a MLR QSAR. With all 29 exper-
imental data, the following equation is obtained:

Table 1

Structure, physical parameters, experimental and calculated log1/K | for the actinidin-catalyzed hydrolysis
of XC,H,0COCH,NHCOCH; at 25°C, pH 6.0

logl/K
No Substituent o n, MR, - -
exp? calc® residual®
1 |H 0.00 0.00 0.10 2.77 2.85 -0.08
2 | 3-F 0.34 0.14 0.10 3.01 3.08 -0.07
3 1 3-Cl 0.37 0.71 0.10 3.63 3.61 0.02
4 | 3-Br 0.39 0.86 0.10 3.64 3.68 -0.04
5131 0.35 1.12 0.10 3.93 3n 0.21
6 | 3-CH, -0.07 0.56 0.10 3.26 3.31 -0.05
7 | 3-t-Bu -0.10 1.98 0.10 3.66 3.69 -0.03
8 | 3-CF, 0.43 0.88 0.10 3.47 3.71 -0.24
9 | 3-CN 0.56 0.00 0.10 3.08 3.36 -0.28
10 | 3-NO, 0.71 0.00 0.10 3.53 3.51 0.02
11 | 3-NHCOCH, 0.21 0.00 0.10 3.18 3.02 0.16
12 | 3-CONH, .28 0.00 0.10 3.15 3.08 0.07
13 | 3-SO,NH, 0.46 0.00 0.10 3.42 3.26 0.16
14 | 4-F 0.06 0.00 0.09 2.72 2.90 -0.18
15 [ 4-Cl 0.23 0.00 0.60 3.04 3.1 -0.07
16 | 4-CH, -0.17 0.00 0.56 2.95 2.79 0.16
17 | 4-COCH, 0.50 0.00 1.12 3.47 3.48 -0.01
18 | 4-CN 0.66 0.00 0.63 3.62 3.64 -0.02
19 | 4-NO, 0.78 0.00 0.74 3.80 3.79 0.01
20 | 4-OCH, -0.27 0.00 0.79 2.87 2.87 0.00
21 | 4-NH, -0.66 0.00 0.54 2.55 2.65 -0.10
22 | 4-CONH, 0.36 0.00 0.98 3.47 3.47 0.00
23 | 4-SO,NH, 0.57 0.00 1.23 3.22 3.21 0.01
24 | 3,5-(CHy), -0.14 0.56 0.10 3.37 3.30 0.07
25 | 3-CH,-5-Et -0.14 1.02 0.10 3.52 3.55 -0.03
26 | 3,5-(OCH;), 0.24 0.02 0.10 3.60 3.06 0.54
27 | 3,5-Cl, 0.74 0.71 0.10 3.84 3.79 0.05
28 | 3,5-(NO,), 1.42 ~0.28 0.10 3.90 3.90 0.00
29 | 3,4,5-Cl; 0.97 0.71 0.60 4.01 4.01 0.00

2 The data were taken from ref. 3
b Estimated by the network NN2
¢ Residual = logl/K ap log /K, yna

logt/K _ =2.976(+ 0.012) + 0.798( + 0.454) o + 0.456(% 0.292) n; + 0.090(x 0.058)MR,
(n
n=29 r=0.883 s=0.191






