COMPUTER-AIDED PREDICTION OF BIOLOGICAL ACTIVITY SPECTRA. APPLICATION FOR FINDING AND OPTIMIZATION OF NEW LEADS
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INTRODUCTION

Each biologically active compound possesses a number of biological activities. Its specificity of action is always relative and is defined by the peculiarities of object, dose, route, etc. On the contrary, the biological potential of compound includes all activities, which can be discovered under some specific experimental conditions. We call such biological potential the biological activity spectrum. Biological activity spectrum of compound can be predicted on the basis of structure-activity relationships found by the analysis of the known data from the training set. Based on the analysis of large training set consisting of tens of thousands of the known biologically active compounds, computer program PASS (1, 2, 3) provides the means to evaluate any new compound in huge chemical-pharmacological space. 

BACKGROUND

Computer program PASS is the product of ideas originated more than 25 years ago within the framework of the National Registration System of New Chemical Compounds organized in the USSR in 1972 (4). It was V.Avidon who suggested that many kinds of biological activity could be predicted on the basis of structural formulae of chemical compounds (5). Similar approach was under development by V.Golender and A.Rozenblit (6). 

In 1985, when the authors joined in the project, previous experience was taken into account. The only published example of a similar approach developed and applied outside the Soviet Union was the U.S. National Cancer Institute's Drug Information System (7). In that time cooperation with scientists from Western countries was restricted and our team had to follow its own way. It was the way of trial and error, but due to this the team developed an innovative concept of biological activity spectra according to which the compound's biological action is considered as an intrinsic property of the structure (8), an original mathematical algorithm (9), new universal chemical descriptors (10), new training set (3). The program, which predicts more than 500 kinds of biological activity, was created on this basis. 

In the past years computer program PASS was reconstructed several times and its current version 1.41 is rather different even from the product which was available several years ago (8). During this evolution the accuracy and robustness of predictions has been increased substantially.

BRIEF DESCRIPTION OF PASS

Computer system PASS (Prediction of Activity Spectra for Substances) predicts simultaneously several hundreds of biological activities (pharmacological main and side effects, mechanisms of action, mutagenicity, carcinogenicity, teratogenicity and embryotoxicity). The biological activity spectrum of a compound presents all compound's actions despite the difference in essential conditions of its experimental determination. If the difference in species, sex, age, dose, route, etc. is neglected, the biological activity can be identified only qualitatively. Thus, "the biological activity spectrum" is defined as the "intrinsic" property of a compound depending only on its structure and physico-chemical characteristics. 

Prediction of this spectrum by PASS is based on SAR analysis of the training set containing more than 35,000 compounds which have more than 500 kinds of biological activity (3). Therefore, PASS once trained is able to predict simultaneously all biological activities which are included in the training set. To provide the best quality of prediction a new information about biologically active compounds is collected permanently from papers and electronic sources and, after the experts' evaluation, is regularly added to the training set.

Chemical descriptors used in PASS analysis, called multilevel neighborhoods of atoms (MNA), are recently considered in detail (10). They are automatically generated by on the basis of MOL-file (11) of a molecule. The list of MNA descriptors currently consists of more than 35700 different items. The new ones are added to this list being founded in a novel compound refreshing the training set. MNA descriptors are effectively applied in SAR, QSAR and similarity analysis (3, 10). They can be also used as keys or fingerprints to cluster the libraries of chemical compounds, to select the representative sub-sets from chemical databases, etc.

PASS algorithm was selected by theoretical and empirical comparison of many different mathematical methods to provide high accuracy of prediction and robustness of calculated estimates (12). It was shown that the mean accuracy of prediction with PASS is about 86% in LOO cross-validation (3). Using MDDR database (11) to create heterogeneous training and evaluation sets it was recently demonstrated that the predictions are robust despite excluding up to 60% of information (13).
PASS uses CSV, SD or MOL-files (11) as input and the results of prediction (output) can be obtained as TXT or SD-files. Since the prediction of biological activity spectra for 1,000 compounds in usual PC takes about 1 minute, PASS can be effectively applied to predict biological potential of separate compounds and to analyze large chemical databases.

PASS testing in a blind mode by 9 scientists from 8 countries versus the heterogenous set of 118 compounds having 138 activities demonstrated the mean accuracy of prediction 82.6% (14). 

APPLICATIONS OF PASS

Example of prediction for well-known drug Buspiron is presented below. Pa and Pi are the estimates of probability to be active and inactive respectively. Their values vary from zero to one. Only activities with Pa>0.5 are shown here. Known activities are marked in bold.

PASS 1.41 - Prediction of Activity Spectra for Substances

    Copyright (C) 1998-2000 V.V.Poroikov, D.A.Filimonov & Associates

    Chemical Structure File: buspiron.mol
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	Pa
	Pi
	Activity:

	0.981 
	0.003 
	5 Hydroxytryptamine 1A agonist

	0.969 
	0.006 
	Psychotropic

	0.946
	0.006 
	Anxiolytic

	0.933 
	0.005  
	5 Hydroxytryptamine agonist

	0.925 
	0.004 
	5 Hydroxytryptamine 1 agonist

	0.851 
	0.006 
	Antipsychotic

	0.836 
	0.007 
	Psychosexual dysfunction treatment

	0.801 
	0.008
	Antidepressant

	0.709 
	0.007 
	Alpha adrenoreceptor antagonist

	0.623
	0.010
	Neurotrophic factor

	0.597
	0.008 
	Dopamine antagonist

	0.579 
	0.007 
	Dopamine D2 antagonist

	0.589  
	0.037 
	Rhinitis treatment

	0.571 
	0.020
	Cognition disorders treatment

	0.573  
	0.038  
	Cytokine modulator

	0.566 
	0.044 
	Hypotermic

	0.501  
	0.019 
	Sodium channel blocker


Buspiron's structure has no MNA descriptor, which has not been found at least once in compounds from the training set. Most of known activities are predicted with high probabilities. Both main (Anxiolytic, etc.) and side (Hypotermic) effects are predicted. Some new effects (Rhinitis treatment, Cognition disorders treatment) and mechanisms (Alpha adrenoreceptor antagonist, Neurotrophic factor, etc.) are predicted too. This new knowledge can be used to determine the priorities in further Buspiron's investigation, which may help to find some new indications for this pharmaceutical and to avoid some adverse reactions in medical use.

Such option of PASS application can be utilized to drug-candidates or even to well-known drugs, used for many years. For instance, Gedeon Richter recommended to use the included the results of biological activity spectra prediction as the basis for further investigation of Cavinton (15).

PASS can be also applied for computer screening of chemical compounds with required activities. There exist many companies, which collect and resell the samples of chemical compounds, see for instance: (16, 17, 18). Hundreds of thousands of compounds from stock are available for screening and millions of compounds can be synthesized on request. Most of chemical databases are arranged under the DBMS ISIS (11) exports the SD structural files. These files can be used as the input for PASS. The output will give the results of biological activity prediction, which can be further used for targeting or focusing of the library. 

For instance, application of such approach to the CMC database (11), including about 7,000 biologically active compounds, reveals many compounds with predicted hypnotic effect (Figure 1). For 72 of them hypnotic effect has been confirmed by the experiment. Some other compounds from this focused collection were never tested versus hypnotic activity and may serve as a source for new leads (19). 
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Figure 1. Distribution of fraction of compounds' with predicted hypnotic activity in CMC vs. the calculated values of Pa.

Usual interpretation of prediction results is based on the Pa values. If Pa > 0.7 the chance to find the activity in experiment is high, but in many cases the compound may occur to be the close analogue of known pharmaceutical agents. If 0.5 < Pa < 0.7 the chance to find the activity in experiment is less, but the compound is not so similar to known pharmaceutical agents. If Pa < 0.5 the chance to find the activity in experiment is even more less, but if it will be confirmed the compound might occur to be a New Chemical Entity. 
It was shown that the numbers of experiments necessary to find the known effects for the heterogenous set of substances by using PASS prediction and without it are 1650 and 316 respectively (20). Therefore, the economic viability of PASS application exceeds 500%. 

On the basis of predicted biological activity spectra new lead structures were discovered with the following effects: antiamnestic (21); antiulzer (22), antitumor (23), antiinflammatory, antioxidant and anestetic (24), etc. – for more examples see (3). 
CONCLUSIONS

Computer program PASS can be effectively used for: 

1. Finding of compounds with required properties and without undesirable side effects. 
2. Revealing of new effects and mechanisms of action for known substances from the corporate and personal databases. 
3. Selecting of the most prospective compounds from the set of available samples for highthroughput screening.

4. Determining of more relevant screens for particular compound.
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CMC-HT Hypnotic

		Amount of compounds with Pa > CutLevel:

		0		0.99								0		0.99

		3		0.975								0.0004223568		0.975

		6		0.95								0.0008447135		0.95

		12		0.9								0.001689427		0.9

		18		0.85								0.0025341405		0.85

		25		0.8								0.0035196396		0.8

		33		0.75								0.0046459243		0.75

		46		0.7								0.0064761368		0.7

		53		0.65								0.0074616359		0.65

		64		0.6								0.0090102773		0.6

		77		0.55								0.0108404899		0.55

		96		0.5								0.013515416		0.5

		123		0.45								0.0173166268		0.45

		142		0.4								0.0199915529		0.4

		165		0.35								0.0232296213		0.35

		218		0.3								0.0306912572		0.3

		348		0.25								0.0489933831		0.25

		587		0.2								0.0826411375		0.2

		1004		0.15								0.1413487259		0.15

		1635		0.1								0.2301844291		0.1

		7103		0								1		0

		7103		Total amount of compounds

		Hypnotic.		0.985759		881

		Hypnotic.		0.985215		591

		Sedative.		0.975192		2063

		Sedative.		0.973271		564		10351

		Hypnotic.		0.958632

		Tranquilizer (minor).		0.954145		8330

		Sedative.		0.934781		698

		Hypnotic.		0.927057		903

		Sedative.		0.926242		751

		Sedative.		0.924215		975

		Hypnotic.		0.919576		766

		Sedative.		0.91467		722

		Sedative.		0.899221		106

		Hypnotic.		0.879229		1024

		Hypnotic.		0.877356

		Hypnotic.		0.875389

		Sedative.		0.871017		2109

		Sedative.		0.854008		1023

		Anticonvulsant.		0.840818		1663

		Sedative.		0.83439

		Anesthetic (other).		0.830572		5514		14060

		Anticonvulsant.		0.819346		699

		Hypnotic.		0.816705		735

		Tranquilizer.		0.815162

		Sedative.		0.806643

		Anesthetic (other).		0.786859

		Antihypertensive.		0.781834		1057

		Hypnotic.		0.780938		3799

		Muscle relaxant (general).		0.768093		7906

		Sedative.		0.758976		977

		Anticonvulsant.		0.758569

		Sedative.		0.755458

		Anesthetic (other).		0.753867		4139

		Sedative.		0.740304

		Anxiolytic.		0.735603		3659

		Hypnotic.		0.733336		502

		Sedative.		0.733236		576

		Sedative.		0.732742		126

		Sedative.		0.726561		1001

		Anticonvulsant.		0.722571		63		9789

		Hypnotic.		0.722062		9800

		Sedative.		0.719648		687

		Hypnotic.		0.718266

		Anesthetic (other).		0.713069

		Sedative.		0.701325

		5HT-1-A agonist.		0.700793		1724

		Anticonvulsant.		0.697622		3789

		Anticonvulsant.		0.696417

		Hypnotic.		0.690823		3188

		Sedative.		0.670565		686

		Hypnotic.		0.669899

		Tranquilizer (minor).		0.662425		4074

		5HT-1-A agonist.		0.660788		3792

		5HT-1-A agonist.		0.644253

		5HT-1-A agonist.		0.644225		1000

		Hypnotic.		0.641799		2136

		5HT-1-A agonist.		0.633153

		Nonnutritive sweetener.		0.63202		10091

		Tranquilizer (minor).		0.61593		4149		9891

		Anticonvulsant.		0.611627		2543

		Hypnotic.		0.608604		340

		Tranquilizer.		0.605829		2938

		Sedative.		0.605131		8174

		Tranquilizer.		0.603779		1562

		Sedative.		0.599208		7773		30422

		Food additive (veterinary).		0.594506

		Tranquilizer (minor).		0.58725		4197

		Anticonvulsant.		0.584179		119		10973

		Antihypertensive.		0.581354		805

		Hypnotic.		0.580308		4078

		Hypnotic.		0.577132		7932

		Antidepressant.		0.56054		8083

		Sedative.		0.560501		547

		Sedative.		0.558834		20413

		Sedative.		0.557094		4443		10868

		Humectant.		0.552887

		Tranquilizer (minor).		0.550723		5832

		Sedative.		0.549527

		Sedative.		0.545627

		Sedative.		0.545384		2107

		Sedative.		0.543314		1163

		Anticonvulsant.		0.539314		554		18130

		Sedative.		0.535494		5764

		Hypnotic.		0.534403

		Tranquilizer (minor).		0.53349		4129		10581

		Anticonvulsant.		0.533421		2544

		Antidepressant.		0.533403		5450

		Appetite stimulant (veterinary)		0.530541		8717

		Antineoplastic (aromatase inhib		0.52902

		Antihypertensive.		0.525859		3205

		Tranquilizer.		0.512141		4076

		Adrenocortical suppressant.		0.510449

		5HT-1-A agonist.		0.507965		7732

		Sedative.		0.507258		4135

		Sedative.		0.504205		4075		9883		30384

		Hypnotic.		0.501082






_1022334510

