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ABOUT THIS MANUAL

CHAPTER 1
ABOUT THIS MANUAL

ORGANISATION OF THIS DOCUMENT

This document consists of nine chapters.

. Chapters 1 - 3 contain common information about the program.

. Chapters 4 — 5 describe how to work with the program.

. Chapter 6 contains detailed description of PASS interface.

. Chapter 7 describes how to interpret the results obtained.

. Chapter 8 describes what to do in case of trouble shooting.

. Chapter 9 contains the number of articles with detailed description of PASS
background.
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ABBREVIATIONS

DBMS - Database Management System

IEP - Invariant Error of Prediction

MNA - Multilevel Neighbourhood of Atoms

PASS - Prediction of Activity Spectra for Substances

QSAR - Quantitative Structure-Activity Relationships

QSPR - Quantitative Structure-Property Relationships

SAR - Structure-Activity Relationships

molfiles - Molecule files: Each molfile describes a single molecular structure.

SDfiles — Structure-data files: An SDfile contains structures and/or data for any number

of molecules. SDfiles are the primary format for large-scale data transfer.
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COPYRIGHT NOTICE

Copyright 0 2006 by V.V. Poroikov, D.A. Filimonov & Associates. All rights reserved.

MDL® ISIS/Base, MDL® ISIS/Draw are registered trademarks of Elsevier MDL, 2440
Camino Ramon, Suite 300, San Ramon, CA 94583.

All other product names are trademarks or registered trademarks of their respective

holders.

No part of this document may be reproduced by any means except of permitted in
written by V.V.Poroikov, D.A.Filimonov & Associates, Institute of Biomedical Chemistry of
Russian Academy of Medical Sciences, Pogodinskaya Street, 10, Moscow, 119121,

Russia.
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HOW TO CONTACT US

If you have any questions about PASS program, please contact us by E-mail:

pass@ibmc.msk.ru

or by post:
Prof. Vladimir Poroikov, Institute of Biomedical Chemistry of Russian Academy of Medical

Sciences, Pogodinskaya Street, 10, Moscow, 119121, Russia.

PASS home page:
http://www.ibmc.msk.ru/PASS/
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CHAPTER 2
PASS SOFTWARE PRODUCT

ABOUT PASS

PASS (Prediction of Activity Spectra for Substances) software product is designed as a
tool for evaluation of general biological potential in a molecule under study. The default
list of predictable biological activity types includes main and side pharmacological effects,
(e.g., antihypertensive, hepatoprotective, sedative, etc.), mechanisms of action, (5-
hydroxytryptamine agonist, acetylcholinesterase inhibitor, adenosine uptake inhibitor,
etc.), specific toxicities (mutagenicity, carcinogenicity, teratogenicity, etc.) and names of
metabolising enzymes (CYP1A substrate, CYP1A1l human substrate, CYP3A4 substrate,
etc.). Information about novel activities and new compounds can be straightforwardly
included into PASS. Recently modified training set is used for further prediction of

biological activity spectra for new chemical compounds.

PASS is a commercially available software product.
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HARDWARE AND SOFTWARE SYSTEM REQUIREMENTS

Processor x86 family - Intel® Pentium® or compatible.
Operating environment Microsoft® Windows® 98/NT/2000/XP.

Memory 256 MB of RAM (512 MB or more recommended).
Hard disk minimum 60 MB free hard disc space.

Display 1024x768 or higher resolution.

Mouse or other compatible pointing device is recommended.

Chemical structure information is represented as molfiles or SDfiles (formats of Elsevier

MDL, http://www.mdli.com/), which can be exported from many chemical Database

Management Systems. The only requirement — these files should correspond with the
ISIS/Base V2000 standard.

PASS variants:

PASS Professional — PASS environment, PASS SAR Base, SAR Base creating and
editing options.

PASS — PASS environment, PASS SAR Base.

PASS Light — PASS environment, SAR Base creating and editing options.
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PASS SOFTWARE PRODUCT

PASS INSTALLATION PROCEDURE AND CONFIGURATION FILES

Installation procedure

Insert PASS CD to the CD-ROM drive.
Open INSTALL folder.

Run setup.exe file.

ol A

When Setup starts, follow the instructions on your screen.

Configuration files

*_ADF is an activity description file (for supplying SAR Base).

*.DFW is a configuration file (Directories, Files, Windows).

PASSACL.TXT file contains the list of pharmacotherapeutic effects, biochemical
mechanisms, toxic & adverse effects and names of metabolising enzymes.

* HLP is a help file.

*.HST is a history type file. There are two types of such files:

*.HST is history of SAR Base creation and modification. It contains SAR Base name; the
list of errors; the number of substances in the created SAR Base, etc.

*.HST is prediction history file. It contains: (1) names of input and output files; (2) the
identifiers of the compounds for which the equivalent structures are found; (3) errors in
structures causing the failure of prediction.

*_LST is the file, which contains SAR Base information; the number of compounds
revealing each particular type of activity; the maximum error of prediction for each
particular type of activity in percentage estimated in leave one out cross-validation
procedure.

*.SAR is SAR Base file (see section 3.6).

10
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CHAPTER 3
TERMS AND DEFINITIONS

BIOLOGICAL ACTIVITY

In PASS biological activities are described qualitatively (“active” or “inactive”). Reflecting
the result of chemical compound’s interaction with a biological object, the biological
activity depends on both the compound’s molecular structure and the terms & conditions
of the experiment. Therefore, structure-activity relationship analysis based on qualitative
presentation of biological activity describes general “biological potential” of the molecule
being studied. On the other hand, qualitative presentation allows integrating information
concerning compounds tested under different terms and conditions and collected from

many different sources as in the PASS training set.

Any property of chemical compounds, which is determined by their structural
peculiarities, can be used for prediction by PASS. It is clear, that the applicability of PASS
is broader than the prediction of biological activity spectra. To extend PASS application to

other properties, the user needs the appropriate training set (see below).

BIOLOGICAL ACTIVITY SPECTRUM

A Biological Activity Spectrum for a substance is the list of biological activity types for
which the probability to be revealed (Pa) and the probability not to be revealed (Pi) are
calculated. PASS calculates Pa and Pi for every activity type to be predicted. They are

independent quantities and their values vary from O to 1 (see supplements for details).

CHEMICAL STRUCTURE
The 2D structural formulae of substances were chosen as the basis for description of

chemical structure, because this is the only information available in the early stage of

research (compounds may only be designed but not synthesized yet). Structure

11
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descriptors, which we call "Multilevel Neighbourhoods of Atoms" (MNA), were designed
for chemical structure representation (Filimonov D. et al. J. Chem. Inf. Comput. Sci.,

1999, 39, 666-670; or see supplements).

EQUIVALENT SUBSTANCES

The substances are considered equivalent in PASS if they have the same MNA descriptors
set. Since MNA descriptors do not represent the stereochemical peculiarities of a
molecule, the substances, which have only stereochemical differences in the structure,

are formally considered equivalent.

TRAINING SET

The general PASS training set includes above 60,000 substances, which were thoroughly
selected, and are presented by the completely specified simply connected 2D structural
formulae of uncharged molecules. For more information see supplements. PASS SAR

Base is created on the basis of PASS training set.

SAR BASE

It contains vocabularies of MNA descriptors and activity names, the database of the
substance structures presented by MNA descriptors (see supplements), their biological
activity types and data on SAR. Unfortunately it is currently impossible to collect
sufficiently large number of active substances for all activity types using available
sources, that is why some activity types are presented in the general PASS training set
by more than thousand substances, while some others are only represented by a few
ones. Before predicting you should decide what kind of the SAR Base you are going to
use. You may use the SAR Base, supplied with PASS software, or create your own SAR

Base (the last option is provided by PASS Light and Professional).

Attention! Currently the maximum number of activity types is equal to 32767, and

maximum number of substances in SAR Base is equal to 1048560.

12
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Chapter 4
HOW DOES PASS WORK?

The description of prediction process is based on the terms of chapter 3. Please, read
chapter 3 carefully before proceeding.
PASS predicts biological activity spectra using user defined SAR Base, a list of biological

activity types to be predicted and criterion of predicted activity spectra selection.

SAR BASE DEFINING

Before starting a prediction process it necessary to define SAR Base to be used. It may
be your own SAR Base or default one. PASS interface provides the possibility to modify

SAR Base and store specific versions of SAR Base.

PREDICTION CONDITIONS

Before prediction you should defined the prediction conditions:
Activity types — the list of biological activity types to be predicted.

Pa value — the probability to be revealed this type of activity by a substance. PASS
interface provides a possibility to choose the selection criterion. By default it is Pa > Pi

(Pi - the probability not to be revealed this type of activity by a substance).

INPUT DATE FORMATS

The software PASS uses molfiles or SDfiles as external sources of structural and activity

data to prepare both the SAR Base and set of substances to be predicted. SDfiles can be

exported either from 1SI1S/Base 2.0+ (Elsevir MDL, http://www.mdli.com/) or from any

other Molecular Editor or DBMS, which has the option of SDfiles' export.

13


http://www.mdli.com/

HOW DOES PASS WORK

The example of SDfile for Nimustine molecule:

A

CI//\\\//N\Tr/N N
O N
Nimustine
-1SI'sS- 10079915102D
1818 0 0 0 O O O O 0999 V2000
2.7250 -2.0667 0.0OOOON O 0 0 0 0 0 0 0 0 0 0 O
-0.8417  -2.4833 o.o000C 0 0 0 0O 0O OO OO O OO
-1.5542  -2.0750 0.0OCOON O 0 3 0 0 0 0 0 0 0 0 O
2.0125 -2.4792 o.0000C 0 0 0 O 0O OO O O O OO
1.3042 -2.0667 o.0000C 0 0 0 0O 0O OO O O O 0O
-1.5583 -1.2500 0.OOOON O O 0 0O 0 0 0 0 0 0 0 O
-0.1250 -2.0708 0.0OOOON O 0 0 0 0 0 0 0 0 0 0 O
2.0125 -0.8292 0.OOOON O O 0 0O 0 0 0 0 0 0 0 O
2.7250 -1.2417 o.o000C 0 0 0 0O 0O OO OO O OO
1.3042 -1.2417 o.o000C 0 0 0 O 0O OO O O O OO
0.5875  -2.4833 o.o000C 0 0 0 0O 0 OO O O O OO
-0.8375 -3.3083 000000 0 0 0 0O OOO O O O 0O
-0.8417 -0.8333 000000 0 0 0 0O O OO O O O 0 O
2.0125 -3.3042 0.OOOON O O 0 0O 0 0 0 0 0 0 0 O
-2.2708  -2.4875 o.o000C 0 0 0 O 0 OO O O O OO
-3.7000 -2.4875 0.0000cd 0 0 0 O O OO O O O OO
-2.9833 -2.0750 o.o000C 0 0 0 0O 0 OO O O O 0O
3.4417  -0.8333 o.o000C 0 O 0 0O 0O OO O O O 0O
2 7 1 0 0 0 O
3 21 0 0 0 O
4 1 1 0 0 0 O
5 4 2 0 0 0 O
6 3 1 0 0 0 O
711 1 0 0 O O
8 9 1 0 0 0 O
9 1.2 0 0 0 O
10 8 2 0 0 0O O
11 5 1 0 0 0 O
12 2 2 0 0 0 O
13 6 2 0 0 0 O
14 4 1 0 0 0 O
15 3 1. 0 0 0 O
1617 1 0 0 0 O
1715 1 0 0 0 O
18 9 1. 0 0 0 O
510 1 0 0 O O
M END
> <ID> (689)
689
> <pame_i nn> (689)
Ni nusti ne
> <ACTIVITY> (689)
Ant i neopl astic, alkylator

DNA synt hesi s i nhibitor

Ter at ogen

$5$%
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A molfile can be prepared with chemical editor I1SIS/Draw 2.00 and higher (Elsevier MDL,
http://www.mdli.com/).

FLOWCHART

PREDICTION RESULTS

A result of the prediction is saved in the appropriate SDfile. It presents the biological
activity spectra for each substance. It is the list of biological activity types for which the
calculated probability to be revealed (Pa) is more than the calculated probability not to

be revealed (Pi). Taking into account that some substances from the training set are

15
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HOW DOES PASS WORK

considered inactive formally, the estimated value of Pa is more reliable. There are some
other factors, which essentially influence on Pa absolute value: the number and diversity
of substances revealing such activity in the training set, recall ratio, etc. In general, the
higher Pa value is the higher probability for a studied substance to be structurally similar
to known biologically active substances from the training set is.

The result of prediction is valuable at planning the experiment, but one should take into
account some additional factors: particular interest to some kinds of activity, desirable
novelty of a substance, available facilities for experimental testing, etc. Actually, each
choice is always the compromise between the desirable novelty of studied substance and

risk to obtain the negative result in testing.

16
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Chapter 5
GETTING STARTED WITH PASS

GETTING STARTED WITH PASS INTERFACE

L]
To start PASS - double-click PASS icon control (PASS shortcut) % ;
or run pass32.exe from PASS folder;

or run pass32.exe directly from PASS distributive CD.

Main window of PASS interface appears and SAR Base loading is started:

File Base Eredict YWew Options Help

G| & [ror B EH|EEE| © (I

| Loading Descriptors. ..

GETTING STARTED WITH PREDICTION PROCEDURE

After SAR Base loading the main window of PASS interface looks like this:

N pass

File Base Predict Wew Cptions Help

& | 88 [Por ] 48| BE@| @

| C:APASS 20064PASS3Z SAR

SAR Base selection and definition of prediction conditions are realised through the main

window of PASS interface (see chapter 6).

Use 7 button or File|]Open SDfile ... menu command to open an existing SDfile. When

SDfile loading is over the following window appears:

17
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This window is realised as SDfile viewer. It allows you

to view structures, text data and

prediction results in several manners. This tool is described in the chapter 6 (viewing

prediction results).
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Chapter 6
PASS INTERFACE and FUNCTIONS

MAIN WINDOW

The main window contains menu, speed buttons, drop down list for the selection

criterion, progress bar, status panel.

M pass

File Base Predict Yew Options Help

& | 88 [Por o] iE | BE@| 00®

| C:HPASS 20064FASS3E.SAR

You can use either menu commands or the speed buttons to execute PASS system

procedures.

The main menu items are: File, Base, Predict, View, Options and Help. All these item

menus are described in more detail below.

Use the mouse, the keyboard (F10) or key combinations: Alt+F, Alt+B, Alt+P, Alt+V,

Alt+0O, Alt+H to choose the particular menu item.

* Press F1 to call the context sensitive Help in the main window, in all dialog boxes
and sub-windows of the PASS software.

¢ The speed buttons' hints will appear when the mouse cursor points to the button.

¢ Use Help menu command for more information you need.

« Use Alt+F4 shortcut, File]Exit (Alt+X) menu command or button | in upper right

corner of PASS main window to quit PASS.

An existing SAR Base is loading by default also as the last opened SDfile. Now you can
use this SAR Base for the prediction or updating. Don't forget to carry out the training
procedure in case of SAR Base change. After that the most of the commands become

available (see Figure below).

19
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Each button has the following functions:

&

G

El

Q

Opens SDfile or molfile for viewing.

Selects activity types to be predicted.

It is a toggle button. If it is active, you can save prediction results as SDfile
in which activity names are divided into four groups: Effects, Mechanisms,
Toxicity or Metabolism.

Predicts and saves prediction results as a SDfile.

Predicts and saves structure and prediction results as SDfile.

Predicts and saves prediction results as CSV file.

Interrupts of any current process (reading from file, saving into file,
training, prediction).

OPENING SDFILE

Use File|Open SDfile ... menu command (or 7 button) to open an existing SDfile. The

following dialog box appears:

Look jr: |@ Examples j ﬁl

2| Example of Ermarg. zdf Micotinic Acid_SA.5DF
E Example of Errors_A SDF

E Example of Errors_SA SDF

E Enample. sdf

2] Example_a. 5DF

2] Example_SA.5DF

File narne: Open

Filez of twpe: | Structure and Data files (¢ 2df) j Cancel

il

Help

v

20
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After opening the window displaying prediction results for the chosen file appears (its

description see below).

VIEWING PREDICTION RESULTS

To analyze the prediction results PASS provides you with a special interactive tool. It

allows you to view structure, text data and prediction results in several manners.

Use File]Open SDfile (or 7 button) menu command to view structure(s) and
prediction results (Activity Spectra) for SDfile or molfile. You can use this menu

command to look through any SDfile.

X
2ud I GRAPE 4 I PI I.-’-'-.ntine::nplastic: j

+|| Chat General | Effects | Mechankms | Toxicity | Metabalism |

— e

K.nown Activities:
Antineoplastic
Antineoplastic alkaloid
Artiviral
ol Antiviral [Influenza)
0 Cytoztatic
Topoizomeraze | inkibitor

72 of 2703 Pozzible Activities at Pa > Fi

0.974 0001 DMA ntercalator
[.962 0.001 Topoizomeraze | inkibitor

0.923 0.004 Antineoplaztic
0767 0015 Apoptoziz agonizt j

48 Substructure Descriptars; 0 new.
&;&:&I H There are 6 known activities.
Dé\:j:, Crug-Likeness: (0939

1] 72 of 2703 Poszzible Activities
20 of 384 Poszible Pharmacological Bffects
47 of 2242 Poszzible Molecular Mechdnisms
Jaof 41 Poszible Side Effects and Todcity

- G af B9 Pozzible Metabaolizm

| 14100 | 0.923 0,004 Antineoplastic y

i
This window is divided into three main parts (I, 11, I11).

Part 1 contains a table of structural formulae of the compounds;
Part 11 contains a predicted biological activity spectrum of the focused compound;

Part 111 contains general information about predicted results.

21



PASS INTERFACE AND FUNCTIONS

Title of this window contains the name of opened file. The bottom status bar displays the
current record number and the total number of records (left side), and Pa, Pi value and

name of focused activity type (right side).

Part 1 represents the table of structural formulae of the compounds. You can see 25
(5%5), 16 (4x4), 9 (3%3), 4 (2x2) structural formulae simultaneously depending on
choosing tab. Clicking on appropriate cell you can choose a structure. The prediction
result for it appears in part 11. For navigation over the table use scroll bar, mouse, arrow
and Pg Up, Pg Down buttons, View menu or pop-up menu (press the right mouse

button on part 1 to call it):

|'u'iew Options  Help

Activity Descripkion
Ackivibw Lisk & 7 2
Informnation First Record - || oo
. History 30 ko Record ...
' Walidation Last Record
|
Prediction Historw 10 Copy B
. o, L Y
Firsk Record nzf):‘_,_q;: Kﬂ% :
Go ko Record ... o ”
Last Fecord
View menu Pop-up menu

¢ Choose First Record command to go to the first record.
¢ Choose Go to Record command to go to the chosen record. The Go to dialog box
will appear. You should type the Record Number and press OK to go to this

record.

Recard Mumber:

|| j Canicel |

¢ Choose Last Record command to go to the last record.
e Choose Copy command to copy the current structure to the clipboard. It is saved

as a bitmap (.bmp file). This format is not used in ISIS Base.
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Use GRAPH tab to evaluate the contribution of each atom of the structure to the
estimation of biological activity. PASS gives you this opportunity. You should select a
type of biological activity (by clicking on it) at the Activity Spectra Prediction (part I1) or

type it appropriate box, which is above part 11.

P : £l
s | G | B3 | ar  EREPM | noer | R [Er—— =]
L =l (5] Bmhl-luniw-- f TR e |
F ) r—
e FISPPPE
Lok BE (gL
A
dmcd ohwls
Hpca peTis
1
- T L by doww ]
s 1 1 I x
x o |
S i ] .
prt 1 1
] ]
o
]
=y
[ .
: - I ¥
[} 'l A
L
"B "
F o = 3 % P i bt b
am TIANY 0 F1] denbdpprreres

The colour of the atom depends on the contribution of the atom to the activity.
Red Pa=0, Pi=1;
Green Pa=1,Pi=0;
Blue Pa =0, Pi = 0;
Grey Pa = 0.33, Pi = 0.33.

If you point mouse cursor at an atom the Pa and Pi values for the atom are displayed.

Use Options or pop-up (press the right mouse button on GRAPH page to call it) menu
for changing SDfile window mode.

¢ Choose Background Color ... command to change color of the background.

¢ Choose Structure Color ... command to change color of the structure’s bonds.

¢ Choose Structure Font ... command to change font of the atom symbols.

¢ Choose Text Font ... command to change font for text information.

¢ Choose Hetero Atoms, Hetero Atoms and carbons or All Atoms options to

modify structure formula presentation.
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Use TEXT tab to display text information (the table of atoms, the table of bonds and all

additional text information) presented in the appropriate SDfile for the current structure.

=]
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"y 5T S0 T O BB BdBaRAE it
SN 1T Goms 383898989898 ikt
£ - T - z
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. & L_ 1 PECS ONDTR BIOECA I010E0E0ENED 1T T Py ity ot Py« Y
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Use MNA tab to display the set of MNA descriptors for the current substance.
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Press the right mouse button on this regions to call pop-up menus. You can change the

current text font of this window and/or copy text information from the current window

frame into the Windows’ clipboard.
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Part Il - Biological Activity Spectrum Prediction for the current substance is

represented in different tabs:

e Chart — the graphic representation of the biological activity spectra prediction,
where each small square reflects a certain biological activity type. Point out the
mouse cursor an appropriate square to produce the hint with Pa and Pi values and
the name of activity. The order of the squares corresponds with the order of activity
types in the Select Activity types to be Predicted window. All activity types are
divided into four classes: effects (green squares W), mechanisms (blue squares W),
side and toxic effects (red squares l) and metabolic terms (violet squares l). There
are combination of effects & mechanisms (turquoise squares ) and combination of
effects & toxic effects (yellow squares | ). Brightness of the color corresponds with

difference between Pa and Pi values for an appropriate activity.

| |

I.-’-‘-.ntih_l,lpertensive j

Chart |General| Effectsl Mechanismsl T-:u:-ciu:it_l,ll etabalizm
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« General — all predicted biological activity types that meet the criterion specified by
user. If a substance is equivalent to those from the SAR Base then the list of known

activities appears for this substance in the top of appropriate window.

X
I.-’-'-.ntih_l,lpertensive j

Chart  General |Effects| Mechanismsl Tn:n:-:in::it_l,ll b etabalizm

Y
K rimen Activities: —
Antibwpertenszive
S pazmolytic
W azodilator
Yazadilatar, ceresbral
W azodilator, perpheral

117 af 2703 Pozsble Achvites at Fa > Fi

0.886 0.005 Papchozesual dysfunction treatment
0804 0.005 Sedative

[LEST L0100 Anthupertenzive

0644 0.040 Maootropic

0656 0.063 Dopamine release stimulant
0672 0109 Transcription Factar inhibitar
0542 0.003 Antiadrenergic

0546 0.035 Hypathermic

0.497 0.020 Ulcerogenic

0483 0006 Acetyichalineg agonist
0515 0.045 Bilirubin oxidase inhibitor
0513 0.045 Psychatropic

« Effects — all predicted pharmacotherapeutic effects that meet the criterion specified

by user.

X
I.ﬁ.ntihypertensive j
Chart I General Effects Mechanismsl Tu:u:-:iu:it_l,ll b etabalizm

F

44 of 384 Poszible Pharmacalogical Effects at Pa » Fi

0.336 0.005 Psychozesual dysfunction reatment
0ES7 [L0T0 Antiypertersive
0644 0.040 Mootropic
0542 0.003 Antiadrenergic
0546 0.035 Hypothermic
0.497 0.020 Ulcerogenic
0515 0.045 Bilirubin oxidase inhibitor

0513 0.045 Psychotropic

0587 0147 Vascular [periferal] disease treatment
0431 0.015 Antineaplastic [multiple myelomal
0413 0.025 Hallucinogen

0.422 0.080 Cardiotonic

0367 0.037 Antiarhythmic

0.473 0156 Ampotrophic lateral scleroziz treatment
0.370 0.056 Male reproductive disfunction treatment
0348 0.044 T cell inhibitar
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¢ Mechanisms — all predicted biochemical mechanisms of action that meet the

criterion specified by user.

X
I.-’-'-.ntih_l,lpertensi\-'e j

Chart I Generall Effects Mechanisms |T|:u:-:i|:it_l,ll b etabalizm

Hr

[ 75 of 2242 Pozsible Malecular Mechanizms at Pa » Fi

.56 0.063 Dopamine releaze stimulant

0672 0103 Tranzcrption factor inhibitor

0542 0.009 Anhadrenergic

0483 0006 Acetyichalineg agonist

0520 0108 Beta-adrenergic-receptor kinasze inhibitar
0405 0004 Acetyicholine M2 receptar agorist
0369 0.011 Alpha 2 adrenareceptor antagonist
0.430 0072 Kinasze inhibitor

0355 00171 Interleukin 10 antagonist b
0456 0,112 5 Hydrosptroptamine release stimulant

0.331 0.003 Microtubule farmation inhibitar

0.397 0.073 Microtubule forrmation stimulant

0.374 0081 Glycine receptor antagonizst

0.455 0156 General pump inhibitor

e« Toxicity — all predicted adverse and toxic effects of action that meet the criterion

specified by user.

X
I.-’-'-.ntih_l,lpertensive j

Chart I Generall Effectsl Mechanizms  Toxicity | b etabalizm

[ 4 of 41 Pozzible Side Effectz and Tomicity at Pa > Fi

0804 0.005 Sedative
0.497 0.020 Ulzerogenic
0265 0191 Tonic

0.234 0151 Spazmogenic

¢ Metabolism - all predicted metabolic terms for which the substance is a substrate

that meet the criterion specified by user.

R X
I.-’-‘-.ntih_l,lpertensive j

Chart I Generall Effectsl Mechanismsl Toxicity  Metabolizm |

. 1 of 63 Pozzible Metabolism at Pa > Fi

0206 0128 CYP24171 substrate
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Part

11l displays the general information about predicted results for the current

substance:

53 Substructure Descrptors; O new,
There are & known activities.
Drug-Likenesz: 0.991

117 of 2703 Possible Activities

44 of 384 Pozsible Pharmacological Effects
75 of 2242 Poszible Maolecular Mechanizms
4 aof 41 Pozzible Side Effectz and Toxicity

1 of B9 Posszible Metabolizm

First line represents the total number of descriptors (53) and the number of new
descriptors (0) (new descriptors are descriptors, which are not found in any
substance from SAR Base).

If a substance is equivalent to those from the SAR Base then the number of
known activities for this substance appears (e.g., there is 5 known activities).

The drug-likeness value varies from 0 to 1. The more this value is the more drug-

likeness of a substance is. The drug-likeness is 0.991 for the current structure.

Five last lines represent:

the number of all predicted activity types;

the number of predicted effects;

the number of predicted mechanisms;

the number of predicted toxic effects.

the number of predicted names of enzymes that may metabolise the current

structure.

The string “117 of 2703 Possible Activities” means that from 2703 types of biological

activity predicted by PASS only 117 activities met the criterion you specify for Cutting

Point.

Common remark. After selection of some activity type this became active until you

select another one or select No Selected Activity item in list box above. While selection

is active it's applied to any selected structure from part 1.
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SAVING PREDICTION RESULTS

il PASS

File Baze Predict View Option: Help

i Open SOfile .. Crl+0

% fdd b GhR Bese

Save Prediction as SDfile ... b+
- B Save Stucture and Prediction az SDfile &5

Save Prediction az C5Y file ... Alt+C

& [Cios= 50kE

] Esi At

Use File|Save Prediction as SDfile ...

menu command to save the predicted biological

activity spectra for compounds from current file as SDfile without structures. In this case

you save prediction results in an appropriate field in addition to the existing data fields.

Use the Save SDfile with Prediction as dialog box to type or change the name of the

prediction result file. A window displaying the history of the latest prediction (*.HST file)

appears at once. You should answer save it or no.

IET;T"J Prediction History

540 Baze

L hPASS Z2006NAAS S5 SAR

[nput File
Output File

Beqgin

Cutting Point © Pa: P

¢ CAPASS 2006ME warmpleshE wample. sdf
o CATMPAE Rample_a SDF

: 02.11.2006 18:42:04

#1 - Equivalent Structure iz found.
#2 - Equirvalent Structure is found.
#3 - Equivalent Structure iz found.
#4 - Equivalent Structure iz found.
#5 - Equirvalent Structure is found.
#E - Equivalent Structure iz found.
#7 - Equirvalent Structure is found.
#3 - Equirvalent Structure is found.

x|

Use File|Save Structure and Prediction as SDfile ...

menu command to save both

structure and the predicted biological activity spectra for compounds from current file as

SDfile. In this case you save structure in “structure” field and prediction results in an

appropriate field in addition to the existing data fields.
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Use File]|Save Prediction as CSV file... menu command to save both structure and the
predicted biological activity spectra for compounds from current file as file of “comma
separated values”. This format allows you to analyse prediction results by electronic
spreadsheet (e.g., Microsoft Excel). In this case you should pay attention to some possible
restrictions of such electronic spreadsheet. E.g., Microsoft Excel allows to analyse only 250

columns, so you should select no more then this number of activity types for prediction,

using Base|Selection... menu item (or 8 speed button).
The Save as CSV. Field Name to Identify Substance dialog box will appear. Then you
should select the substance identifier. AutolD means that the substance identifier (ID)

will be its record number.

Save as CSY. Field Name to Identif x|

AT IVIT

Ok Cancel Help

You can save the prediction results without viewing SDfiles use Predict menu commands

or speed buttons 2 . In this case the Open SDfile for Prediction dialog box
appears. Choose the appropriate file to predict biological activity spectra (pg. 42).
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SELECTING ACTIVITY TYPES TO BE PREDICTED

Use Base|Selection menu command (or L speed button) to perform the selection of

activity types. The following window appears.

Type initial letters of activity type to find one from the list.

Iﬂ"i Select Activity Types to be Predicted ﬂ
Firu: Select: [] [m] 4 (W] Sort: I-.-'-‘-.ctivities azcending j
Mo Predictable Activity Type I Hurnber I IEF, % I:I
2 Antiallergic 18 7520
3 Antibactenal 15 8157
4 fypiimtis G 13.293

d Substance that inhibits the production of blood cells, |
5 ArTIBIoNG beta Lactamke 3 0.000 ;I
Mo nused Activity Tupe MHurnber | IEP, % -
]
2 Adrenaline antagonist 3 40.208
3 Antiadrenergic 3 40,206
4 Antiarrhythmic 3 33333 ;I
Include .. Load ... Save .. | k. I Cancel Help |

Selected Activity Tvpes: 44 of 77 4w |EP. & 7856

Basic information (Activity Description) about an activity type is appeared automatically
when you point this activity out. This option is available only in case of default SAR Base.

It displays the list of activity types, which will be predicted.

The Predictable Activity Type column displays activity names from SAR Base selected
for activity spectra prediction.

The Unused Activity Type column displays activity names from SAR Base, which are
not used for activity spectra prediction.

The Number column displays the number of substances containing in the training set
and revealing a particular type of activity.

The IEP column displays the invariant error of the prediction. IEP value for every type of
activity is obtained by leave one out cross-validation method.

The bottom status bar displays the number of selected biological activity types from SAR

Base which will be used for prediction of biological activity spectra (44), the number of all
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predictable biological activity types in the SAR Base (77) and average IEP (7.856%) for

selected activities.

If you want to exclude some activity type(s) from the list of activities you should mark

those activity(s) at the Predictable Activity Type column (press the left mouse button

for the activity selection) and click [=] button or Delete. All these activity types will be
transferred to the Unused Activity Type table.
If you want to add some activity type(s) to the list of activities from the Unused

Activity Type column you should mark those activity(s) at the Unused Activity Type

column (press the left mouse button for the activity selection) and click [ button or
Insert. All these activity types will be transferred to the Predictable Activity Type
table.

You may sort activity names for more convenience according to your criterion. It will help
you to make up selection promptly.

The names of activity types may be sorted in several ways:

Sort condition Description

Activities ascending Alphabetically
Activities descending Alphabetically (reverse order)

Ascending order of number of the active substances in the SAR Base

Number ascending revealing this activity type

Descending order of number of the active substances in the SAR

Number descending Base revealing this activity type

IEP ascending Ascending order of Invariant Error of Prediction

IEP descending Descending order of Invariant Error of Prediction

You may also sort the list of activity types by pressing the corresponding button:
Activity Type, Number, IEP.

You may select only those activity types for prediction, which match the following
criteria: (1) IEP is less than certain cut-off value (for example, IEP < 20%); (2) the
number of active compounds in the SAR Base is more than certain cut-off value (for
example, Number > 5). Of course you can select only those activity types, which you are

interested in.
You may also select all activity types by clicking L] , or cancel selection of all activity

types by clicking [ .
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Click Include... button to add activity types to list of the predicted activity types
from one of your text file (*.txt) with a particular variant of selected activity list.
Only those activity types, which names are coincided with activity names in SAR

Base, will be selected (that are only those, which are from Unused list of

activities).
Include Selected Activity Types
Loak in: | g3l PSS 20055 =] =4

_ | Doc

_ | Examples

al.T=T

PasSS Read Me.tat
Pazzacl tat

File name: Open

Files of twpe: | Text files [*.t) | Cancel

Pl

Help
A

Click Load... button to load one of your text file (*.txt) with a particular variant of
selected activity list. Only those activity types, which names are coincided with

activity names in SAR Base, will be selected.

Loak in: | g3l PSS 20055 =] =4

PASS Read bMe st

Pazzacl tat
File name: Ia‘l TeT Open I
Filez af type: ITe:-:t files [*.kaE) j Cancel |
Help |

i

33



PASS INTERFACE AND FUNCTIONS

Click Save... button to save the list of selected activity types in text file (*.txt).

Save Selected Activity Types As

Save in: | g3l PASS 20055

=& @ elemE

PASS Read Me.bst
Pazzacl tst

File narne: Ia‘l TET

Save as ype: ITe:-:t filez [*.bat]

34



PASS INTERFACE AND FUNCTIONS

DEFINING PREDICTED ACTIVITY SPECTRA SELECTION CRITERION

During the PASS run Pa and Pi are calculated for every activity type from SAR Base list.
Pa is a probability that the substance may reveal this kind of activity. Pi is a probability
that the substance does not reveal this activity. Their values vary from 0.000 to 1.000.
The selection criterion is Pa > Pi by default. Only activity types with Pa > Pi are
considered as possible.

You can specify the criterion according to which activity types are included in activity
spectra. Only those activity types that meet the criterion you specified will be included in

the predicted activity spectra.

Drop Down List for Selection Criterion

E{ﬁ PASS - C:\PASS 20064 Examples'Example.sdf
File Base Predict Wew Options Help

@ | 88 [rm <] i | B B @ &)
—————— Mo Palimit |
(FaxFi e of S&F Baze S4F

Example.sdf

| GR&PH | TEXT | MMa |
jc H 4
H ul R
H %ﬂ {
u] O u]
o oY
1.
2 u] 9

Choose the Pa value to define the selection criterion for predicted activities. Only
activities with Pa value greater than the chosen threshold will be given in predicted
activity spectra.

You may also display all activity types even with Pa < Pi. For this you should select “No
Pa limit” threshold. This option can be useful for further clustering of compounds

according to the predicted biological activity spectra, etc.
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OPENING SAR BASE

Use Base|Open Base menu command to open an existing SAR Base.

The following window app

Open SAR Baze

ears.

Look jr: I =

PASS 20055 =l =4

1 Doc
| Examples
Basel.54R

ar

File name:

Files of type:

IF"ass.sar Open

IF'.-’-‘-.SS SAR Baze files [* 2ar) j Cancel

il

Help

v

Use View]Information

menu command to display statistical data about current SAR

Base.
¥l SAR Base Information |
Substances E0358
Deszcriphors 45096
Activity Types 4535
Selected Activity Types 2703
bwerage IEP B.202, %
Frediction Enabled
Where:
Substances is the number of compounds in the SAR Base.

Descriptors
Activity Types
Selected Activity Types

Average IEP

is the number of different MNA descriptors.
is the number of activity types in the SAR Base.

is the number of activity types used for the biological activity is
spectra prediction.

is the mean value of IEP for all Selected Activity Types.

Note! The IEP (Invariant Error of Prediction) values are calculated by leave-one-out

cross-validation procedure.
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CREATING SAR BASE
(only for PASS Light and PASS Professional)

Use Base|New Base menu command to create a new SAR Base. SAR Base
Information appears. Zero values of all parameters indicate that SAR Base is empty at

this moment.

¥l SAR Base Information |
Substances 1]
Deszcriphors 1]
Activity Types 1]
Selected Activity Types [
bwerage IEP
Prediction Dizabled
Then use Base|Add ... menu command to select an SD file containing structures of

compounds and names of their biological activity, which you want to have in your SAR
Base. The example of SDfile is presented at the page 14. You may also use File]Add to
SAR Base ... menu command to add to the new SAR Base information from the current

SDfile. The Select Activity Field Name dialog box will appear.

Select Activity Field Name x|

Wfithout Activities

Cancel Help

Then you should select the name of the field containing biological activity types.

Without activities means that only information about structural formula will be added

to SAR Base.
Click OK to start the procedure of the SAR Base creating. When it is over the SAR Base

Information window is refreshed.
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¥l SAR Base Information |
Substances 100 todified
Deszcriphors 1052 bl odified
Activity Types i todified
Selected Activity Types [

bwerage IEP

Prediction Dizabled

Attention! All structures of substances are checked. If the structure is not correct the
substance is not included into the SAR Base. The errors are displayed in the

corresponding window, for example:

i SAR Base History

Drata From C:A\PASS 2008ME ampleshE=ample.zdf iz added to 54R Base.
Activity Field : <ACTIITY >

Beqin » 0211.2006 171200

End » 02.11.2006 17:12:00
Data From C:ARASS 2006%ExampleshErample. sdf was added to 54R Baze.

100 of 100 Substances are added to SAR Base.

100 new Substances are added to SAR Baze.

803 new Activity Data are added to SAR Baze.

Adding new Substances time:; 0:00:00.7710.

b l1x

Data From C:APASS 2006%ExampleshExample of Erors.=df 1z added to SAR Baze.
Activity Field : wWithout Activities
Beqin ;027112006 17:12:29
a1 - Errar Mumber of atoms and bands is not enaugh: 00
Mo 2 - Error Mumber of atoms and bonds i not enough: 00
Mo 3 - Error Y2000 iz not found.
Mo 4 - Erron Unedpected W EMD' in structure.
Mo & - Eron Unespected ' EMD' in structure.
Mo & -Eror B atam i Found.
Mo 7 - Error % atom iz found.
Mo 8 - Error Ala atom is found.
Mo 9 - Errar Mumber of actual atomz and bonds iz nat enough: 00 —
Mo 10 - Error: Yalence emror.
End »0211.200617:12:29
Drata From C:A\PASS 20068ME ampleshExample of Ermarg.2df was added to 54R Baze.
0 of 10 Substances are added to SAR Baze.
[ nevs Substances are added to SAR Basze.
[ new Activity D ata are added to SAR Baze.
Adding new Substances time; 0:00:00, 000, j
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ADDING NEW DATA TO SAR BASE
(only for PASS Light and PASS Professional)

The procedure is similar to the creation of SAR Base, but has some particular features.
First of all you should open SAR Base, which you are going to modify.

Use Base|Open Base ... menu command.

Open SAR Baze

Look ir: | 631 PASS 20055 - &8 @ cH ImE

| 1Doc

DEHamples

] Basel.54R

F'ass.sar

File name: Open I

Files of type:  |PASS S4R Base files [* sar] =] Cancel |
Help |

L
Then use Base]Add ... menu command to select an SDfile containing structures of

compounds and names of their biological activity, which you want to add to SAR Base.
The example of SDfile is presented at the page 14. You may also use File]Add to SAR
Base ... menu command to add to SAR Base information from the current SDfile. The

Select Activity Field Name dialog box will appear.

Select Activity Field Name x|

Without Activities

Cancel Help
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Then you should select the name of the field containing biological activity types.

Without activities means that only information about structural formula will be added
to SAR Base.

Click OK to start the procedure of the SAR Base changing. When it is over the SAR Base

Information window is refreshed.

I.ET;H SAR Base Information x|
Substances 100 Modified
Dezcriptors 1092 todified
Activity Typez i bl odified
Selected Activitp Topez 0
Average [EF
Prediction Dizabled

Attention! If you want to use old SAR Base later, you should save this new SAR Base as
*_SAR file with the another name.

Attention! All structures of substances are checked. If the structure is not correct the
substance is not included into the SAR Base. The errors are displayed in the

corresponding window, for example:

i SAR Base History =

Drata From C:A\PASS 20068ME #ampleszhE=ample of Ermars.2df iz added to SAR Baze. -
Activity Field : wWithout Achivities
Begin : 03.711.2006 2:54:29
Mo 1 - Error Mumber of atoms and bonds is not enough: 00
Mo 2 - Error, Humber of atoms and bonds is not enough; 010
Mo 3 - Error V2000 iz not found.
Mo 4 - Erron Unespected 't EMD' in structure.
Mo & - Error Unespected ' EMD' in structure.
Mo B -Eror B atom is found.
Mo 7 -Error # atom is found.
Mo 8 - Errar Ala atom iz found.
Mo 9 - Error Mumber of actual atoms and bonds i Aot enoughk: 00
Mo 10 - Error: Yalence emror.
End : 03.11.2008 25429
Drata From C:A\PASS 2006ME ampleszhExample of Erars.zdf was added to SA4R Baze.
0 of 10 Substances are added to SAR Baze.
0 new Substances are added to SAR Baze.
[ new Activity D ata are added to SAF Baze.
Adding new Substances time: 0:00:00.020.

=l

Attention! Please, pay attention to the using of biological activity names. If your terms
are the same as in the existing SAR Base, you must be sure that there is no equivocacy
in your list of the biological activities. To avoid such situation, use different names for

such activities.
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EXECUTING THE TRAINING PROCEDURE
(only for PASS Light and PASS Professional)

Use Base|Training menu command to start the training procedure for determining
structure-activity relationships. During the training procedure SAR Base Leave One Out

Cross-Validation window is displayed. You can interrupt the training procedure at any

moment using (] button.

Type initial letters of activity type to find one from the list.

IET;T"J SAR Base Leaye One Out Cross-Yalidation

2 Antiviral 7 29.647

Ki Antiarrbythmic 3 33333

4 Antibypertenzive 14 B.977

5 Cardictonic E 21.936

G Phosphodiesteraze inhibitor ] 20424

7 Pzyuchatropic 11 9.806

a Spazrmolytic a 11.413 j

Selected Activity Tvpes: 77 of 77 4w [EP, %: 18.213

A

The Activity Type column displays an unsorted list of activity names.

The Number column displays the number of substances revealing a particular type of
activity.

The 1EP column displays the invariant error of the prediction. IEP value for every type of
activity is obtained by Leave One Out Cross-Validation method (see Supplements).

The bottom status bar displays the number of biological activity types from the SAR Base
for which the training procedure has been executed and the average IEP for these
activities.

When the training procedure is over you can look for a certain activity type using Find

box.

Use pop-up menu to copy results of cross-validation to the clipboard. Save as menu

command allows you to save this information as a text file.

41



PASS INTERFACE AND FUNCTIONS

PREDICTING THE BIOLOGICAL ACTIVITY SPECTRA

First of all it is necessary to select activity types to be predicted (see “SELECTING
ACTIVITY TYPES TO BE PREDICTED” part in this chapter).
It is also necessary to define the predicted activity spectra selection criterion (see the

appropriate part of this chapter). Otherwise all default conditions are used.

Use Predict menu commands (or speed buttons 5| ) to predict and save the
biological activity spectra for compounds. The information about these compounds should

be prepared as SDfile or Molfile beforehand.

v pass
File Base | Predict Yiew Options Help

g Predict and Save Prediction as SDfile ...
& | £

@ Predict and Save Struckure and Prediction as SCfile ...

CMPASS 2 Fredict and Save Prediction as C5W file ..,

| v Grouped Ackivity Spectra Saving Chrl+A

Predict menu commands Description
Predict|Predict and Save Opens SD or Molfile for prediction. Predicts and
Prediction as SDfile... saves the prediction results as SDfile (without

structures)
Predict and Save structure Opens SD or Molfile for prediction. Predicts and
and Prediction as SDfile... saves structures and prediction results as SDfile.

Predicts and Saves Prediction Opens SD or Molfile for prediction. Predicts and

as CsV file... Saves the prediction results as CSV file.
Grouped Activity Spectra Mark “Grouped Activity Spectra Saving”
Saving

(or press ] button) to save the prediction results
as SDfile in which activity names are divided into
four groups: Effects, Mechanisms, Toxicity and
Metabolism.
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VIEWING BASIC INFORMATION

Use View menu commands to display the following information: the current status of the
SAR Base, the history of creation and changes of SAR Base, the list of activities, which
are predicted, the results of leave one out cross-validation procedure, the history of the

latest prediction and prediction results. It contains the following items:

Activity Descripkion E
Z | 3 IF'E'>F Activity List | ®

Inforrnation
History

Walidation
Prediction History

| C:AFASS 20064PAS

First Resard
o bm Recard .,

[.ast Record

View menu options Description

Displays the Activity Description window with basic

Activity Description information about an activity type.

Activity List Displays the list of activity types.
Information Displays the current status of SAR Base.
History Displays all your previous steps.

Displays the results of leave one out cross-validation

Validation
procedure.

Prediction History Displays the history of the latest prediction.

Points out the first record in the Structure(s) File View

First Record )
window.

Points out a chosen record in the Structure(s) File View

Go to Record... )
window.

Points out the last record in the Structure(s) File View

Last Record .
window.
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Use View]Activity Description command to open the Activity Description window

with basic information about a chosen biological activity type.

Use Activity List menu command to display the table of activity types presented in PASS
training set.

Type initial letters of activity type to find one from the list.

Wiy Activity Types List x|
Find: |&nt
Mo I Mumber | Activity Tope I:I

3 8 énalgesic _I
_ Antiadrenergic

a 18 Artiallergic

B 3 Anhiarrhythmic

7 4 Antiasthmatic

WKl

Activity Types: 77

The Number column displays the number of compounds in the training set revealing this
type of biological activity.

The bottom status bar displays the number of biological activity types in the SAR Base.

Use View|History menu command to look at SAR Base Updating History. It contains:
(1) names of input and output files; (2) the identifiers of the substances for which the

equivalent structures are found; (3) errors in structures causing the failure of prediction.

i SAR Base History =

Drata From C:A\PASS 20068ME #ampleszhE=ample of Ermars.2df iz added to SAR Baze. -
Activity Field : wWithout Achivities
Begin : 03.711.2006 2:54:29
Mo 1 - Error Mumber of atoms and bonds is not enough: 00
Mo 2 - Error, Humber of atoms and bonds is not enough; 010
Mo 3 - Error V2000 iz not found.
Mo 4 - Erron Unespected 't EMD' in structure.
Mo & - Error Unespected ' EMD' in structure.
Mo B -Eror B atom is found.
Mo 7 -Error # atom is found.
Mo 8 - Errar Ala atom iz found.
Mo 9 - Error Mumber of actual atoms and bonds i Aot enoughk: 00
Mo 10 - Error: Yalence emror.
End : 03.11.2008 25429
Drata From C:A\PASS 2006ME ampleszhExample of Erars.zdf was added to SA4R Baze.
0 of 10 Substances are added to SAR Baze.
0 new Substances are added to SAR Baze.
[ new Activity D ata are added to SAF Baze.
Adding new Substances time: 0:00:00.020.
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PASS INTERFACE AND FUNCTIONS

Use Validation menu command to display the results of leave one out cross-validation
procedure.

Type initial letters of activity type to find one from the list.

I.E'T;T"] SAR Base Leave One Out Cross-Yalidation x|
Fird: | &ntib
Mo Activity Type | Mumber | IEF, & I:
1 Analgesic g B.2R0 —
2 Antiallergic 18 7520
4 Antibiotic E 13.298
] Artibiotic: beta Lactam-ike 3 0.000
3 Aptiemetic 5 3,789
7 Antifungal 5 19579 =]

Selected Activity Tvpes: 44 of 77 4w |EP. & 7856

A

The Number column displays the number of compounds from the training set revealing
this type of biological activity.

The IEP column displays the invariant error of prediction.
The bottom status bar displays the number of selected biological activity types from the

SAR Base, which are used for biological activity spectra prediction and average IEP

(Invariant Error of Prediction) for these activities.

Use Prediction History menu command to display the history of the latest prediction
(the names of the input and output files).

IET;‘! Prediction History x|
SA8 Baze o LAPASS 200EMNE mamplesE wample of SAH Baze SOR
Cutting Point : Pa» Pi

Input File : C:APASS 2008MExamples\Micotinc Acid.mol

Output File - C:APASS 2006ME amplestMicotinic Acid_S4A 5DF

Beqin » 03.11.2006 35204

End : 03.11.2006 2:52:04
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INTERPRETING PREDICTION RESULTS

CHAPTER 7
INTERPRETING PREDICTION RESULTS

The result of prediction for the substance is returned in the form of a table containing the
list of biological activities with appropriate probability values - i.e. the likelihood for the
given activity to be either revealed (Pa) or not revealed (Pi). Their values vary from
0.000 to 1.000.

The more is Pa value, the less is the probability of false positives in the set of compounds
selected for biological testing. For example, if one selects for testing only compounds for
which a particular activity is predicted with Pa > 90%, the expected probability to find
inactive compounds in the selected set is very low, but about 90% of active compounds
are missed. If only compounds with Pa = 80% are chosen, the probability to find inactive
compounds is also low, but about 80% of active compounds are missed; etc. By default,
in PASS Pa=Pi value is chosen as a threshold, therefore all compounds with Pa=>Pi are
suggested to be active.

Another criterion for selection is the compounds’ novelty. If Pa value is high, sometimes
one may find close analogs of known biologically active substances among the tested
compounds. For example, if Pa > 0.7 the chance to find the activity in experiment is
high, but in some 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.

The quality of predictions is the main criterion of the program power. The mean accuracy
of the prediction is about 92% (leave one out cross validation). There is an appropriate
table where the maximum error of prediction for each type of activity is shown (see
Supplement). In "Prediction Results"” window a user also obtains the total sum of chemical
descriptors of the substance. Reported are the number of descriptors, which are new
compared with the PASS training set descriptors.

It should be mentioned that prediction of biological activity spectra is possible only for
low molecular weight (drug-like) substances. Prediction of biological activity spectra for

synthetic or biopolymers and inorganic substances will not provide reasonable results.
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INTERPRETING PREDICTION RESULTS

In some cases substance is predicted simultaneously as agonist and antagonist
(stimulator and blocker, activator and inhibitor) for the same receptors (enzymes, etc.).
It means that PASS could not make differentiation of intrinsic activity of substance and
indicate only its affinity to this receptor (enzymes, etc.).

It is necessary to stress that PASS can’t predict if the concrete substance becomes drug,
because it depends on many other factors. Prediction, however, can help to define what
kind of tests are adequate for studying of biological activity of concrete chemical

substance and which substances more probable will reveal the required effects.
Based on these criteria, you may choose which activities have to be tested in your
compounds on the basis of compromise between the novelty of pharmacological action

and the risk to obtain the negative result in experimental testing.

Certainly, you will also take into account your particular interest to some kinds of

activity, experimental facilities, etc.
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TROUBLESHOOTING

CHAPTER 8
TROUBLESHOOTING

The best practice is to create regular backup from all newly created or modified data
files:
* SAR Base files,

e generates SDF files

In case of any trouble researcher can reinstall PASS from distributive and restore

generated data files.

Also it's necessary to pay attention to right usage of USB protection module. USB
protection module should be firmly installed in USB slot of the same computer where
PASS is to be run. Please reinstall USB protection module software if USB module is

inserted into USB slot but PASS can not be started.

Please contact us by e-mail: pass@ibmc.msk.ru|for PASS support
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SUPPLEMENTS

CHAPTER 9
SUPPLEMENTS

COMPUTER-AIDED METHODS IN PHARMACEUTICAL R&D

Each pharmaceutical research and development (R & D) project is aimed at discovering
new drug for the treatment of certain disease. The investigation of new pharmaceuticals
is carried out in a stepwise manner. This is because drug discovery is a time consuming
process involving enormous financial resources, manpower and substantially high risk
factor. On an average it requires 12 years and approximately $800 million for
introducing a new medicine to the market (http://www.ifpma.org) with a high risk of
negative results (1 out of 10,000 substances studied is developed to a safe and potent
drug). Drug research starts with identification of a “lead molecule” with required
biological activity. Subsequently the lead molecule is developed to get more potent
compounds with appropriate pharmacodynamic and pharmacokinetic properties that they
qualify as drug candidates (Wermuth C. The Practice of Medicinal Chemistry. New York:
Academic Press, 2003). General biological potential of any molecule under study is also
evaluated in stages. The emphasis is first laid on testing for specific activity followed by
general pharmacology & toxicology study, clinical trials, post-marketing registration of
adverse effects etc. As a result, adverse/toxic actions are often discovered at a stage
when a lot of time & money is already expended (Poroikov VV, Filimonov DA. How to
acquire new biological activities in old compounds by computer prediction. J Comput-
Aided Mol. Des 2002, 16:819-824). At the same time, it is practically impossible to test
experimentally all compounds against each known kind of biological activity and possible
toxic effects. So computer-aided prediction is “the method of choice” at the early stage of
drug research. Relying on predicted results, one may establish the priorities for testing a
particular compound and the basis for selecting the most prospective
hits/leads/candidates from the set of compounds available for screening. Application of
computational methods has significantly decreased the time required for obtaining a
compound with the required properties with reduction in financial expenditures. In
addition, it helps to obtain more effective and safety medicines.

Both computer-aided analysis of quantitative structure-activity/structure-property

relationships (QSAR/QSPR) and molecular modeling are widely used for finding and
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optimizing lead compounds. However, the majority of such methods are constrained by
studying a single targeted biological activity within the particular chemical series (Holtje
H.-D, Sippl W. Rational Approaches to Drug Design, Barcelona: Prous Science, 2001.).
Typically, they are applied step-by-step to analyze different activities/properties in
correspondence with the sequential study of biologically active compounds mentioned
above. On the other hand, most of the known biologically active compounds demonstrate
several or even many kinds of biological activity, which constitute the so-called
“biological activity spectrum” of compound. Some components of biological activity
spectrum may serve as a basis for the treatment of certain pathologies, while others may
be a source for adverse/toxic effects. For instance, Thalidomide was prescribed worldwide
(1950s to early 1960s) to pregnant women as a remedy for treatment of morning
sickness. Subsequently it was discovered that Thalidomide was teratogenic (—12,000
babies were born with tiny or no limbs, flipper like arms and legs, with serious facial
deformities and defective organs). Over this fact the drug was withdrawn from the
market in 1962 (Chu Y-H, Cheng CC. Affinity capillary electrophoresis in biomolecular
recognition. Cell Mol Life Sci. 1998, 54:663—683). However, now Thalidomide is again
considered as a prospective pharmaceutical agent because of some newly discovered
activities, e.g. angiogenesis inhibitor, tumor necrosis factor antagonist, and others
(Deplanque G, Harris AL. Anti-angiogenic agents: clinical trial design and therapies in
development. European Journal of Cancer 2000, 36:1713-1724). If, at the early stage of
study, researchers could predict the most probable biological activities in drugs like
Thalidomide, they might avoid the dramatic consequences of their adverse/toxic action

and could suggest wider pharmacotherapeutic applications.

BIOLOGICAL ACTIVITY PRESENTATION

In PASS biological activities are described qualitatively (active or inactive). Reflecting the
result of chemical compound’s interaction with a biological object, the biological activity
depends on both the compound’s molecular structure and the terms & conditions of the
experiment. Therefore, structure-activity relationship analysis based on qualitative
presentation of biological activity describes general “biological potential” of the molecule
being studied. On the other hand, qualitative presentation allows integrating information
concerning compounds tested under different terms and conditions and collected from
many different sources as in the PASS training set.

Any property of chemical compounds, which is determined by their structural

peculiarities, can be used for prediction by PASS. It is clear, that the applicability of PASS
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is broader than the prediction of biological activity spectra. To extend PASS application to

other properties, the user needs the appropriate training set (see below).

CHEMICAL STRUCTURE DESCRIPTION

The 2D structural formulae of compounds were chosen as the basis for description of
chemical structure, because this is the only information available in the early stage of
research (compounds may only be designed but not synthesized yet). Plenty of
characteristics of chemical compounds can be calculated on the basis of structural
formulae (Guba W. Representation of Chemicals. In: Predictive toxicology. Ed. By
Christoph Helma. Marcel Dekker, 2003). Earlier (Filimonov DA, Poroikov VV, Karaicheva
El, et al. Computer-Aided Prediction of Biological Activity Spectra of Chemical Substances
on the Basis of Their Structural Formulae: Computerized System PASS. Experimental and
Clinical Pharmacology (Rus). 1995, 58:56-62) we applied the Substructure Superposition
Fragment Notation (SSFN) codes (Avidon VV, Pomerantsev IA, Rozenblit AB, Golender
VE. Structure-activity relationship oriented language for chemical structure
representation. J.Chem.Inform.Comput. Sci., 1982, 22:207-214). But SSFN, like many
other structural descriptors reflects rather abstraction of chemical structure by the
human mind than the nature of the biological activity revealed by chemicals. The
Multilevel Neighborhoods of Atoms (MNA) descriptors (Lagunin A, Stepanchikova A,
Filimonov D, Poroikov V. PASS: prediction of activity spectra for biologically active
substances. Bioinformatics, 2000, 16:747-748) have certain advantages in comparison
with SSFN. These descriptors are based on the molecular structure representation, which
includes the hydrogens according to the valences and partial charges of other atoms and
does not specify the types of bonds. MNA descriptors are generated as recursively
defined sequence:

. zero-level MNA descriptor for each atom is the mark A of the atom itself;

any next-level MNA descriptor for the atom is the sub-structure notation
A(D;D>..D;...),

where Dj; is the previous-level MNA descriptor for i—th immediate neighbor’s of the atom A.
The mark of atom may include not only the atomic type but also any additional
information about the atom. In particular, if the atom is not included into the ring, it is
marked by “-”. The neighbor descriptors D;D5...D;... are arranged in unique manner,
e.g., in lexicographic order. Iterative process of MNA descriptors generation can be

continued covering first, second, etc. neighbourhoods of each atom.
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This process can be continued iteratively covering 2nd, 3rd, etc. neighbourhoods of the
atom. We use 2nd level descriptors in the present version of PASS.

Multilevel Neighbourhoods of Atoms (MNA) structure descriptors of a molecule are
generated on the basis of connection table (C) and table of atoms types (A) presented
the substance. Connection table contains data on the valent bonds in a molecule. Various
bond types are not specified (topological approximation). All hydrogens based on
valences and partial charges of atoms are taken into account. The types of atoms are

specified according to the data presented in Table 1.

Table 1. Classification of different atom types used in calculation of descriptors

Class name Elements
H H
C C
N N
0 )
F F
Si Si
P p
S S
cl cl
Ca Ca
As As
Se Se
Br Br
Li* Li, Na
B” B, Re
Mg”™ Mg, Mn
Sn” Sn, Pb
Te" Te, Po
" 1, At
Os” Os, Ir
Sc” Sc, Ti, Zr
Fe* Fe, Hf, Ta
co” Co, Sb, W
sr Sr, Ba, Ra
Pd” Pd, Pt, Au
Be” Be, Zn, Cd, Hg
K” K, Rb, Cs, Fr
\a V, Cr, Nb, Mo, Tc
Ni™ Ni, Cu, Ge, Ru, Rh, Ag, Bi
In” In, La, Ce, Pr, Nd, Pm, Sm, Eu
Al" Al, Ga, Y, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Tl
R” R, He, Ne, Ar, Kr, Xe, Rn, Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, Fm,
Md, No, Lr, Db, Jl

Example of structure presentation by zero-, first- and second-levels MNA descriptors for

the phenol's molecule is shown in Figure below.
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OH
6 2
5 3
4
Atom MNA/O MNA/1 MNA/2
1 C(CC-0) C(C(CC-H)C(CC-H)-O(C-H))
2 c C(CC-H) C(C(CC-H)C(CC-0)-H(C))
3 c C(CC-H) C(C(CC-H)C(CC-H)-H(C))
4 c C(CC-H) C(C(CC-H)C(CC-H)-H(C))
5 c C(CC-H) C(C(CC-H)C(CC-H)-H(C))
6 c C(CC-H) C(C(CC-H)C(CC-0)-H(C))
7 -0 -0O(C-H) -0O(C(CC-0)-H(-0))
8 -H -H(C) -H(C(CC-H))
9 H -H(C) -H(C(CC-H))
10 H -H(C) -H(C(CC-H))
11 H -H(C) -H(C(CC-H))
12 H -H(C) -H(C(CC-H))
13 H -H(-0) -H(-O(C-H))

MNA descriptors for phenol.
MNA/O, MNA/1L,MNA/2 - zero, first and second levels
of MNA descriptors.

It is shown that usage of 1st & 2nd levels MNA descriptors provides the best accuracy of
prediction. MNA descriptors are generated for each substance. Unique integer identifier is
assigned to each particular descriptor according to the descriptors’ dictionary.

The substances are considered to be equivalent in PASS if they have the same set of
MNA descriptors. Since MNA descriptors do not represent the stereochemical peculiarities
of a molecule, the substances whose structures differ only stereochemically, are formally

considered as equivalent.

TRAINING SET

The PASS estimations of biological activity spectra of new compounds are based on the
Structure-Activity Relationships knowledge-base (SAR Base), which accumulates the
results of the training set analysis. The in-house developed PASS training set includes
more than 60,000 known biologically active substances (drugs, drug-candidates, leads,
and toxic compounds). Since new information about biologically active compounds is
discovered regularly, we perform the special informational search and analyse the new

information, which is further used for updating and correcting the PASS training set.
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MNA descriptors {D;, ..., Dnh} for each kind of activity A, the following By values are
calculated:

By = (Sk = Sor)/(1 = Sk=Sok),
S« = Sin[3; ArcSin(2P(A«|D)) - 1)/m],
Sok = 2P(Ax) - 1,

where P(Ag|Dj) is a conditional probability of activity of kind Ay if the descriptor D; is
present in a set of molecule's descriptors; P(Ak) is a priori probability to find a compound
with activity of kind Ag. For any kind of activity Ay, if P(Ak|D;) is equal to 1 for all
descriptors of a molecule, then B, = 1; if P(Ax|D;) is equal to 0 for all descriptors of a
molecule, then B, = —1; if there is no relationship between the molecule's descriptors
and activity of kind Ak, and, so, P(Ax|D;) = P(Ayx), then By =0.

Up to the PASS version 1.703 the algorithm of prediction was based on the following
data:
n is the total number of compounds in the SAR Base;
n; is the number of compounds containing descriptor D; in the structure description;
n, is the number of compounds containing the kind of activity Ay in the activity
spectrum;
n;, is the number of compounds containing both the kind of activity Ax and the descriptor
D;.
And the estimations of probabilities P(Ax), P(Ax|D;) are given by:

P(Ax) = n/n, P(Ak|D;) = ny/n,;.

In PASS version 1.703 and later instead of integers n; and n;, the sums g; and g, of

descriptors weights w are used, where w = 1/m, and m is the number of MNA

descriptors of individual molecule. This modification increases the accuracy of prediction

significantly. So, right now the estimations of probabilities P(Ax|D;) are given by:
P(AkID)) = gix/gi.

The main purpose of PASS application is to predict the activity spectra for new
substances. To provide more accurate predictions, if the compound under prediction has
the equivalent structure in the SAR Base, this structure is “excluded” from the SAR Base
during the prediction with all associated information about its biological activities. The
calculations are done by using n—-1, gi—w, and, when the kind of activity A, is contained

in its activity spectrum in the SAR Base, by using ng—=1 and gj,—w. Here w = 1/m, and
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m is a number of MNA descriptors in molecule under prediction and its equivalent in the
SAR Base. The By values are calculated using MNA descriptors, which are found in SAR
Base, i.e., for descriptors of a molecule under prediction with g; > 0 or gi-=w > 0, in the

case of structure “exclusion”.

To take the "yes/no" qualitative prediction it is necessary to determine B-statistics
threshold values for each kind of activity Ak. Using theory of statistical decision this can
be done on the basis of risk function’s minimization. But nobody can a priori specify the
risk functions for all activity kinds and all possible practical tasks. Therefore, the
predicted activity spectrum in PASS is presented by the rank-order list of activities with
probabilities "to be active"” Pa and "to be inactive" Pi, which are the functions of B-
statistics for a molecule under prediction. The B-statistics functions Pa and Pi are the
results of the training procedure described below. The list is arranged in descending
order of Pa-Pi; thus, the more probable activity kinds are at the top of the list. The list
can be shortened at any desirable cutoff value, but Pa=Pi is used by default. If the user
chooses rather higher value of Pa as a cutoff for selection of probable activities, the
chance to confirm the predicted activities by the experiment is also high, but many
existing activities will be lost. For instance, if Pa=80% is used as a threshold, about 80%

of real activities will be lost; for Pa=>70%, the portion of lost activities is 70%, etc.

TRAINING PROCEDURE

For each compound from the training set MNA descriptors are generated and its known
activity spectrum and set of descriptors are stored in the SAR Base. If this compound has
the equivalent structure in SAR Base, only new activities are added to activity spectrum.
After inclusion of all information from the training set(s) into SAR Base the values n, g;,
ny, gix are calculated. For each compound in the SAR Base and for each activity kind A,
values Bj of B-statistics are calculated. Calculations are done taking into account the
described above "exclusion" of processed compound. For each activity kind Ak, the
calculated values By are subdivided into two samples: for active and inactive compounds.
These obtained samples are used for calculation the smooth estimations of B-statistics

distribution functions on the following basis.

Suppose the sample x;, ..., X, of n values of random variable X, which has an unknown

distribution function F(x). Using of an empirical step-function for approximation of F
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often faults because of small n. To provide the smooth estimation of F(x), the inverse
function x(F) is calculated as the conditional expectation of random variable X:

x(F) = X (n—-1)1=F/(i-1)1=(1-F)""/(n—i)!=x";,

where (n-1)!=F"1/(i-1)'=(1-F)""/(n—i)! is the binomial distribution, and x';, ..., X'n (X'1
< X'z < ... < X', is the ranked sample x;, ..., X,. The distribution function F(x) is given

reciprocal function of quantiles x(F).

Each sample of B values for active compounds is arranged in the ascending order; each
sample of B values for inactive compounds is arranged in descending order. The
described above quantiles b(F) are calculated. As a result, for each appropriate kind of
activity the probabilities Pa and Pi are given by:
bactive(Pa) = B, Dinactive(Pi) = B.

By definition the probabilities Pa and Pi are also the probabilities of the 15" and 2™ kinds
of prediction error at the threshold B, respectively. They can be also interpreted as the
measures of belonging to fuzzy subsets of "active" and "inactive" compounds. Both
interpretations of probabilities Pa and Pi are equivalent and can be used for interpreting
the results of prediction. They can also be used for construction of different criteria for

prediction results’ analysis corresponded to specific practical problems.

The example of the probabilities Pa(B) and Pi(B) for activity «Alpha adrenoreceptor

antagonist» as functions of B-statistics value is shown in the figure.
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PASS prediction accuracy is estimated using average IEP for all predictable activity
kinds.

61



SUPPLEMENTS

IEP is calculated for each type of activity in PASS prediction:

IEP = #( Bo> B;)/( NoN;),

where Bg and B; are values of B-statistics for some pair of inactive and active
compounds in the training set,

N, is the number of inactive compounds in the training set,

N is the number of active compounds in the training set.

If the values of B-statistics for any active compounds are higher than the values of B-
statistics for all inactive compounds, then IEP=0. It means that all "active" and
"inactive" compounds for the current type of activity from the training set were devided
absolutely correct during LOO CV procedure. If the values of B-statistics for any active
compounds are the same as the values of B-statistics for all inactive compounds, then

IEP=0.5. This means that prediction is not correct.

PASS VALIDATION

Leave one out cross-validation for all ~4500 kinds of biological activity and —60,000
substances provides the estimate of PASS prediction accuracy at the training procedure.
Average accuracy of prediction is about 92% according to the LOO CV estimation, while
that for particular kinds of activity varies from 77.7 % (antisecretoric) to 99.5 %
(Melanocortin antagonist). Accuracy of prediction data for all kinds of biological activity

predicted by PASS is presented at the web site (http://www.ibmc.msk.ru/PASS).

The accuracy of PASS predictions depends on several factors, from which the quality of
the training set seems to be the most important one. A perfect training set should include
the comprehensive information about biological activities known or possible for each
compound. In other words, the whole biological activity spectrum should be thoroughly
investigated for each compound included into the PASS training set. Actually, no
database exists with information about biologically active compounds tested against each
kind of biological activity. Therefore, the information concerning known biological
activities for any compound is always incomplete. We investigated the influence of the
information’s incompleteness on the prediction accuracy for new compounds. About
20,000 principal compounds from MDDR database (http://www.mdl.com) were used to
create the heterogeneous training and evaluation sets. At random 20, 40, 60, 80% of

information were excluded from the training set. Either structural data or biological
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activity data were removed in two separate computer experiments. In both cases it was
shown that even if up to 60% of information is excluded, the results of prediction are still
satisfactory (Poroikov VV, Filimonov DA, Borodina YuV, Lagunin AA, Kos A. Robustness of
biological activity spectra predicting by computer program PASS for non-congeneric sets
of chemical compounds. J.Chem.Inform.Comput.Sci., 2000, 40:1349-1355). Thus,
despite the incompleteness of information in the training set, the method used in PASS is
robust enough to provide the reasonable results of prediction.

Incompleteness of data on biologically active compounds significantly restricts the
possibilities for evaluation of PASS prediction abilities, because many biological activities,
which are probable according to the predictions, were never tested. Fortunately, there
exists the NCI database with 42,689 heterogeneous compounds each being tested in
anti-HIV assays (Voigt JH, Bienfait B, Wang S, Nicklaus MC. Comparison of the NCI Open
Database with Seven Large Chemical Structural Databases. J.Chem.Inf.Comput.Sci.
2001, 41:702-712). We used this database to estimate to which extent the application of
PASS predictions enriches the population of active compounds in the subsets selected
from the sample. It was shown in this experiment that depending on the cutoff value of
Pa, the enrichment of “actives” varies from 2.3 to 16.7 (Poroikov VV, Filimonov DA,
Ihlenfeldt W-D, Gloriozova TA, Lagunin AA, Borodina YuV, Stepanchikova AV, Nicklaus
MC. PASS biological activity spectrum predictions in the enhanced open NCI database
browser. J.Chem.Inform.Comput.Sci. 2003, 43:228-236). Thus, PASS predictions
significantly increase the probability of finding particular activity in compounds under

study.
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