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Abstract. This paper addresses the problem of determineif adrugisor not
bioactive, from adataset of structure and binding to atarget site on areceptor.
The application problem is model the binding to thrombin through a
mathematical discriminate function using artificial intelligence algorithm
(genetic programming-GP). The algorithm consist of atwo steps processing:
thetraining, where a set of binding description and effectsis used to obtain the
discriminate function and then application of this function to undetermined
compounds to determine their bioactivity.

1. Introduction.

Globus described the problem of custom designed molecules. Frequently it is
possible to precisely define what a molecule must do and still have significant
problems designing a molecule to do the task.

It is known that some drugs fit precisely into receptor sites to block molecular
processes in the body. This must be accomplished without fitting the receptor sites of
the body’s healthy molecular machinery. Furthermore, drug molecules must survive
in the body long enough to be effective. Early drug discovery was accomplished
without understanding these mechanisms, but modern drug designers often
consciously create molecules with atomic precision to bind well to receptor sites.

One approach to drug design is to find molecules similar to good drugs that have
fewer negative side effects. Ideally, a candidate replacement drug is sufficiently
similar to have the same beneficial effect but is different enough to avoid the side
effects.

Therefore, a design technique to automatically generate candidate molecules given
requirements may be useful, determining what separates the active (binding)
compounds from the inactive (non-binding) ones. Such a determination can then be
used in the design of new compounds that not only bind, but also have all the others
properties required for a drug (solubility, oral absorption, lack of side effects,
appropriate duration of action, toxicity, etc).
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This paper proposes mining the information available to extract a discriminate
function that model the boundary between activity and inactivity region and apply it
to unknown compoundsto find their activity.

2. Themodding algorithm.

The genetic programming (GP) agorithm (Holland 1975, Koza 1992) mimics the
evolution and improvement of life through reproduction, when each individual
contributes with its own genetic information to building a new individuas with
greater fitness to the environment and higher chances of survival. Each ‘individua’ in
a generation represents, with its chromosome, a feasible solution to the problem; in
our case, adiscriminate function to be evaluated by afitness function.

The best individuals are continuously being selected, and crossover and mutation
take place. Following a number of generations, the population converges to the
solution that best represents the discrimination function.

There are two kinds of information defined for the algorithm: terminals (variable
values and random numbers) and functions (mathematical functions used in the
generated model).

The final GP output is amodel or a function (we term discriminate function) of the
process under study, with would be the binding activity, cancer diagnostic (Werner
2001), collagen & thrombosis diagnostic (Werner 2001), etc.

3. Processing description.

The software we have developed is an adaptation of LilGP (see reference), where
GP is structured in a pre-compiled library, with other artificia intelligence procedures
(such as genetic algorithm (GA), an adaptive algorithm (AA), neural networks (NN),
and fuzzy control (FC)), integrating the model obtaining process with GP from with
real time adaptation by the GA, AA, NN, or FC. This has been applied to the KDD
Cup 2001 dataset “Prediction of molecular bioactivity for Drug design — Binding to
Thrombin” — see KDD reference.

A filter reads the information of 1909 compounds tested for their ability to bind to
atarget site on thrombin, a key receptor in blood clotting. Of theses compounds 42
are active (bind well) and the others are inactive, and are described by a single feature
vector comprised of a class value (A for active, | for inactive) and 139,351 binary
features, which describe three-dimensional properties of the molecule.

The filter stores the pointer to positive features only and its activity and fitness
function evaluates accuracy of mathematical relation (discriminate function) between
features and activity. Further discriminate function is ready to be applied to obtain
unknown activity.
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4. Binding activity obtained by discriminate function.

The GP parameters are 20 individuals and 17000 generations, 60% crossover
probability and 20% mutation probability. The functions are: multiplication, division,
add, and subtraction. The terminals are the binary features (BinF(x), an indexed
vector of (139351* x)%x) and random numbers between 0 and 1.

4.1 Genetic Programming Training

The fitness function to evaluate the performance of each individua of GP
generationis:

OK @
OK +contl* NOK _ A/contA+ NOK _ |

Fitness =

where OK is the right activity prediction, NOK_A is the wrong prediction of active
compound, NOK_| is wrong prediction of inactive compound, contl is the total
number of inactive compounds and contA is the total number of active compounds.
Table 1 presents training and test results, annex 1 present the discriminate function,
coded in tree notation and table 2 total comparative results.

Actual Predicted value % hit the
I A mark
Training I 1866 1815 51 97
A a2 15 27 64
Test I 484 203 280 42
A 150 56 A 62
Table |. Thrombin dataset results.

%hit the mark %wrong A %wrong |

Training 9% 0.78 2.67

Test 47 44 8.83

Table 2: comparative results.

5. Futureworksand conclusion.

Through the use of GP we show that it is possible to find a discriminate function
that predict compounds bioactivity with a specific shape, such as less Active errors
with the concomitant cost of a decrease in inactive accuracy. The application of this
approach would be improved during its own application, because each confirmed
prediction would be included into the training dataset, closing the loop.
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Annex 1. Discriminate function for thrombin binding.

(- (/ 0.37 (- (* 0.55 (- (* 0.99 (/ (* (* (- 0.87 0.41) (* 0.57 0.88)) (BinF (+ 0.60 0.73))) (BinF (- (-008
0.50) (- 0.30 0.75))))) (+ (/ (- (* 0.40 0.47) 0.57) (- (* 0.40 (BinF (+ (* (- (BinF091) (BinF0.23)) 057)
(BinF (- (/ (* (* 0.55 (- (BinF (* 0.78 0.10)) 0.57)) 0.57) 0.76) (* 0.86 0.53)))))) 0.57)) (* (BinF (BinF (*
0.78 0.10))) (- 0.05 (- (- 0.00 0.59) (* (- (* 0.40 (BinF (* 0.78 (* (/ 0.35 0.57) (/ 0.72 0.74))))) 0.57)
0.00)))))) (/ (- (* (- (BinF 0.21) (+ 0.02 0.87)) (BinF (* 0.78 0.10))) (* 0.40 (BinF (- (-065(* 0.86053))
(+ 0.91 0.45))))) (- (* 0.40 (BinF (* 0.78 (* 0.97 0.04)))) 0.57)))) (+ (- (- (/037 (+(/(/ (- ¢* 040 (BinF (*
0.72 0.74) 0.57))) 0.57) 0.17) 0.76) (/ (- (BinF 0.91) (BinF 0.23)) 0.35))) (- (- (/ 0:35057) 057) (- (* (/ (*
(* 0.55 (- (BinF (* 0.78 0.10)) 0.57)) 0.57) 0.76) (- 0.78 0.16)) (-0.05(- (-000059) (* 097 004))))) (/ (-
(* 0.40 0.95) 0.57) (- (/ (BinF (- (BinF 0.21) (- (/ 0.350.40) 057))) (/ (+ 0.93 0.36) (* 0.420.82))) 0.57)))
0.45))



