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1. Preface

The study of biochemical pathways in living species is of ceintizortance in many areas of
application such as drug design, agrochemistry, biotechnology and metaboli@gngine

The information on the poster Biochemical Pathways distributed dghdr has been
converted into the BioPath database by Molecular Networks anchedrigith additional
information including pathways in individual species. Of central impoeas the emphasis
on chemical structure and reaction information in BioPath.

All metabolites and their reactions have been stored with atasaution (as connection
tables) giving access to each atom and each bond. Several impestamneés are unique to
this database such as complete mass balance, storage of thacdlresiof metabolites, the
annotations of atom-to-atom mappings, and the marking of the amacéinter. These
characteristics allow highly valuable applications such aslsegréor enzyme inhibitors, the
tracing of isotopic labeling, classification of enzymatic reactions andvpgtbearching.

Thus, BioPath enables a broad range of applications in life ssiear related disciplines.
The unique combination of biochemical data and chemical information oecube$ and

reactions on an atomic resolution supports scientists and engingars tteeper insights into
the mechanism of enzymatic transformations and cellular regogatind their impact on
metabolic pathways.

BioPath is available in two different distributions. The firstritisttion of BioPath consists of
the database content in structure-, reaction- and textual-baeseatfthat allows for a
seamless integration into companies' internal IT environmentsjreggyexisting knowledge
and database management systems.

The second distribution of BioPath, called BioPadplore contains the entire contents of
BioPath in a web-based retrieval system that has been developddlégular Networks.
BioPathExplore provides the full power of chemoinformatics search methods sucanas,
full and substructure searching, reaction and enzyme searching.rfatégethe contents of
BioPathExplore are enriched with information generated by other applications oédulalr
Networks and links to third-party bioinformatics databases can be established.

This user manual describes the installation BioEaxibhlore on different operating systems
and the appliance of all search capabilities in order to asgesttists in investigating the
metabolism of different organisms with as much biological andnata information as
possible.



2. Online Evaluation and Commercial Version

2.1. Online Evaluation Version

Version 1 of BioPath has been made publicly accessible durinoptdr@et. It consists of
1,175 biochemical molecules, 1,545 reactions, 989 enzymes, 200 pathways, gnothean
biochemical information. The evaluation version of the BioBxjblore system is accessible
from any PC or Unix workstation under the following web address:

http://'www.molecular-networks.com/biopath/index.html

This online version will run with Microsoft Internet Explorer (5.5hagher), Netscape (7.0 or
higher), or Mozilla (2.0 or higher). Please make sure, that dapa&nd Java are enabled in
the browser you are using.

2.2. Commercial version

Besides the free accessible online version a commerciabnatBioPath is available. This
version currently consists of 2,127 molecules and 3,024 reactions andrilsutiidt by
Molecular Networks.



3. Installation of BioPath. Explore under Microsoft Windows

Please read the following chapters carefully. We will now gymwle through the individual

steps of a BioPatBxplore installation on Microsoft Windows (2000/XP/Vista). Although
BioPathExplore is designed as client/server application it can be executed amgle s
computer that serves then as client and server.

3.1. Requirements on Server Site
Operating system: Microsoft Windows 2000/XP/Vista

Free disk space: 200 MBytes
Memory: min. 256 MByte

3.2. Requirements on Client Site

A standard Web browser, preferably Mozilla Firefox (version 7.0ghdr) or Microsoft
Internet Explorer (version 5.5 or higher) can be used for Web acClessbrowsers of
Opera (version 9.24) and Apple’s Safari (version 3 public beta) arentyrrnot
recommended.

The execution of JavaScript code is necessary since many pag&sn invisible
functions, which, for example, checks your input for errors before drigafded to the
BioPathExploreserver.

The Java Runtime Environment must also be installed in order to runafleeule editor
JME. The JRE program is freely available at http://java.sun.com).

A screen resolution of 1024 x 768 or higher is recommended.

3.3. Installation process

In order to start the installation of BioPd&kploreunder Microsoft Windows double-click on
the setup icon of BioPath (Figure 1).

R

Rat
BioPath.Explore-1.0-
Setup.exe

Figure 1: The setup program of BioPath.Explore

BioPathExploreis a web-based application that requires a running web serveefdiggmve
recommend downloading XAMPP Lite first from the internet (FégR). Click on the “Yes”
button to download and install XAMPP Lite first (see chapter dlfetion of XAMPP Lite").
In case you already installed XAMPP Lite on your compupeess the “No” button to
immediately continue with the installation of BioP&kplore(see chapter “Continue with the
installation of BioPathexplor€).



BioPath.Explore 1.0 x|

BioPath.Explore is a web-based application that requires the XAMPP Lite distribution.
If %AMPP is not vet installed on wour computer, please download and install XAMPP Lite first,

Press ¥ES if wou would like to download and install it, or press NO ko skip this step.
Please be aware that BioPath.Explore will only run, i XaMPP Lite was installed befare,

Yes Mo |

Figure 2: The installation of BioPath.Explore idénrupted by the installation of XMAPP Lite

Installation of XAMPP Lite

If you press the “Yes” button to bring forward the installation &MPP Lite a message
window with an OK button will appear (Figure 3). Not until the ®sstul installation of
XAMPP Lite press the OK button to continue with the installatiorocgss of
BioPathExplore

BioPath.Explore _‘ __"_ x|

During the installation of XAMPP please do not use spaces or special characters in the installation path field,
After installing %AMPF Lite please press the OK button to continue with the BioPath.Explore installation.

OK |

Figure 3: Window to continue with the installatiohBioPath.Explore after installing XAMPP Lite

Simultaneously your default internet browser will open and autonigtioad the download
page of XAMPP Lite (Figure 4).

L XAMPP Lite

HXAMPP Lite« ist ein zusdtzliches XAMPP, dass extra klein zusammengestellt wirde, Es
gilt als der Nachfolger von Mini€aMPP, Im Gegensatz zum noarmalen, grofen SAMPP wird
XAMPP Lite aber nicht regemafig aktualisiert,

XAMPP Lite

Wersion Grafie Inhalt

XAMPP Lite 1.6.6a Klainer alz der alte MiniZAMPP mit Apache 2.2.8 + PHP 5.2.5 +
MySQL 5.0.515 + phpMyAdmin 2.11.4 + OpenS5L 0.9.8g9 + SQLite
2.,8,15. Fur Liebhaber dez "Kleinen". Daz Paket wird aber
unraegelmilig aktualisiert, ez gibt fir die Lite Varsion keine
LUpgrades usw, Also ein reines "Take-Run-Delete-Forget-it" Paket,

= ZIP 47 MB Gewdhnliches ZIP-Archiy

7 EXE (7-zip) 18 MB Selbstexztrahierendes ZIP-Archiy

Figure 4: Part of the download page of XAMPP Lite

Download the ZIP archive and unpack the distribution to a program direxftgour choice
(e.g. E:\; see Figure 5). However, please choose a directory thethdoes not contain any
spaces or special characters (e.g., umlaut). The self#xgraarchive will automatically
generate a subdirectory named “xampplite”. Here, X#&MPP installation directory is
E:\xampplite.

7-Zip self-extracting archive 5[

Extract to:

F =

Extract I Cancel |
-9-




Figure 5: Selection of program directory of XAMPReL

After extracting the XAMPP Lite distribution no further instéibn process is needed.
Moreover, no installation routines described on the XAMPP webpagetbideexecuted in
order to run BioPatExplore

Continue with the installation of BioPalHxplore by clicking on the “OK” button of the
window that appeared at the beginning of the XAMPP Lite installation (seeeR2yur

Continue with the installation of BioPath Explore

Now, continue with the installation of BioPath.Explore by clickingtioa “Next” button of
the welcome screen (Figure 6).

@BinPath.Elenre 1.0 ;lglﬂ

Welcome to the BioPath.Explore 1.0
Setup Wizard

This wizard will guide vou through the installation of
BioPath.Explore 1.0,

It is recommended that vou close all okher applications
befare starting Setup. This will make it possible ko update
relevant syskem files without having to rebook wour
cormpilker,

Click. Mesxk o continue.

Zancel |

Figure 6: Welcome screen to install BioPath.Explore

The next window (Figure 7) will ask for the installation directofyBioPathExplore Select
the same installation folder that was selected for the XAMPR® installation KAMPP.
Unless the correct installation of XAMPP Lite is selected, the “Neutton is deactivated.

-10 -



B sioPath.Explore 1.0 o
-/ Choose Install Location
Choose the Falder in which ko install BioPath.Explare 1.0,

BioPath,Explore has to be installed to the installation direckory of wour web server (such as
%AMPR),

Please specify the directory of the XAMPP installation here,

Space required: 53.56ME
Space available: 565.8ME

"Destination Folder

< Back | Mexk = | Cancel |

Figure 7: Window to select the destination foldeB@Path.Explore

After clicking on the “Next” button the Menu Folder window will app€gigure 8). We
recommend taking over the default directory name “Molecular Networks\BidBagtiore”.

ﬂBiuPath.Eleure 1.0 o ] oA |

Chooze Start Menu Folder

Choose a Start Menu Folder For the BioPath.Explore 1.0
shartouts,

Select the Start Menu Folder in which wou would like to create the program's shorkouts, Yoo
can also enter a name ko create a new Folder,

|

™ Do not create shorkcuts

< Back I Install I Cancel |

Figure 8: Window to select the program folder obBath.Explore

Click on the “Install” button to start the extraction of all dilenecessary to run
BioPathExplore(Figure 9).

-11 -



[ sioPath.Explore 1.0 =100 =]
\:f Installing

Please wait while BioPath,Explore 1.0 is being installed,

Extract: biopath_explore_mal exe. .. 61%

[ |

= Back | Mk = | Zancel |

Figure 9: Window to show the progress of the idatain

After successful installation the XAMPP Lite installationllvautomatically be adapted to

your settings by keeping the “Configure XAMPP in DOS shaitivated and clicking on the
“Finish” button (Figure 10).

mBiUPath.Elenre 1.0 ;lglﬂ

Completing the BioPath.Explore 1.0
Setup Wizard

Caongratulations! You have successfully installed
BioPath.Explore on this computer,

¥ Configure ZAMPP in DOS shell

= Back I Firish I Cancel |

Figure 10: The installation of BioPath.Explore wasccessful

In a newly opened DOS shell a batch file automatically exedine configuration of the
XAMPP Lite installation. Press any key to close this window (Figure 11).

-12 -



Jigidigtnin ninininiaidisidiaiig ninininininiaidisidiaidigininininininigidiaidiaigigninininininigidiaiginiigininninininigigisiisigininin ey
#i ApacheFriends XAMPP Lite setup win32 Uersion 1.6 i
it

#f Authors: HKay Uogelgesang <kvolapachefriends _org>
arsten Wiedmann <webmasterBwiedmann—online.de> #
ﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂﬂ####

Configure for server 1.6.4

Configure XAMPP with awk for ‘Windows_NT'

Please wait ..

Enahle HcceptEx Winsocks v2 support for NT systems DONE?

ittt Have fun with ApacheFriends HAMPP Litet ittt

Driicken 5ie eine heliehige Taste . . .

Figure 11: The XAMPP installation is automaticadlglapted via a DOS program(XAMPP version 1.6)

If you are using XAMPP Lite version 1.7 (or higher) the messatge configure the
installation will look like in Figure 12. In this case, select option 2 if the XAMPP path is
not yet identical to your installation path or just press thebttton to finish the
configuration.

' WINDOWS' system32h crnd.exe
###ﬂﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂﬂ##

it HAMPP Lite 1.7.3 — Setup
#

# Authors: Carsten Wiedmann <carsten_sttgtBgmx. de)
ogelgesangy <{kvolapachefriends.or

Kay U o> #
###ﬂﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂ######ﬂﬂﬂﬂﬂﬂﬂ##

1. start XAMPP Control Panel
2. relocate HAMPP
Ccurrent path: C:s\Temp xampplitel?3»xampplitel
disable HTTPS <{ESL>
disable Server Side Includes <{E8I>
enable IPv4 only <{current: IPuvdrs6 Cautod?

Exit

Pleaze choose (1-5-x>:

Figure 12: The XAMPP installation is automaticadlglapted via a DOS program (XAMPP version 1.7)

On your desktop you will find two new icons for starting and stoppingaghaication
BioPathExplore

B rl .
;ﬂﬂl
Stark BioPath.Explore
1.0

Figure 13: Button to start BioPath.Explore

Press the “Start BioPath.Explore” button (Figure 13) to open the vssukapplication in
Microsoft's Internet Explorer (Figure 14).
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/43 BioPath.Explore Welcome page - Microsoft Internet Expl =10/ x|

Datel  Bearbeiten  Ansicht  Fawvoriten  Extras 7

dmirick - = - @ b | @Qsuchen  [GlFavoriten  Medien % | B S ks >
Adresse I’Gj http: ff127.0.0. 1 /biopathjindex. html j ﬁWechseIn 2u
=

% I_\_o‘l_pleculal_- Networks GmbH

Biochemical Pathways Database under C@ROL

BioPath is a database of biochemical pathways that provides access to metabaolic
transformations and cellular regulations derived from the Roche Applied Science
"Biochemical Pathways" wall chart,

RioPath contains a library of cross-linked hiochemical molecules and reactions. all
structure and reaction information is stored on an atomic level allowing the direct
access to all atoms and bonds of all metabolites and to the bonds broken and made
during an enzyratic reaction.

BioPath is designed to support scientists to understand the impact of gene regulations
an b|0|0g|ca| systems for drug target identification and pravides the following features:
2,127 molecules with connection tables including stereochemical information
+ 2,024 biochemical reactions stoichiometrically balanced, with marked reaction
centers and atom-atom mapping numbers between educts and products
* 2,513 unique enzymes represented by names or EC numbers
+ 4132 pathways represented by names
e« Covered organism:  prokaryotes, plants, yeasts and animals, general
pathways
+ Subcellular localization of pathways {cytosol, chloroplasts, mitochondria, ...)

C@ROL is a chemical warehouse system designed to store 2D structures, multiple 3D
conformations and chemical reactions along with textuell data. The web-based user
interface provides access to the features of the structure search engine for the
retrieval of chemical compounds and their related data. This engine can perform
structure and sub-structure searches, similarity searches, transformation searches,
and reaction searches.

Start Structure-based Search Start Reaction-bazed Search

Run in full-screen mode [

ou also can change between both search modes later any time Ll
4

[&] Fertig l_ l_ l_ |4 Internst

Figure 14: Welcome screen of the running appligatio

Simultaneously, another DOS shell will appear that has to stay(opamnimized) as long as
you are using BioPatlxplore(Figure 15).

ﬁﬁ' Path.Explore 1.0

Please do not close this window wvhile using BioPath.Explore
To shutdown BioPath.Explore, use
'Stop BioPath.Explore’ icon on your desktop

ing I’Ipache 2 and launching BioPath_Explore site...

Figure 15: DOS shell that has to stay open untif&ith.Explore is running

BioPathExplore will be closed by clicking on the button “Stop BioPath.Explore”. TMails
also close the DOS shell (Figure 16).

Bt
A
Stop BioPath. Explore
1.0

Figure 16: Button to stop and close the application

For the next time you would like to run BioP&hRplore start the application again by
clicking on the “Start BioPath.Explore” button; close it by cligkegain on the button “Stop
BioPath.Explore”.

-14 -



On default, no modifications have to be made to the configuration figiadtathExplore
located undeiXAMPRcgi-bin\biopath\biopath.cfg . However, if you would like
to modify the settings such as export functionality, displayloh€se names, etc. adapt this
file according to chapter 5.7. Contrary to the Linux installatiw@re is no need to run a script
that transfers the new settings to your installation.

3.4. Known Problems and Limitations

On Microsoft Vista after the installation of BioPd&Rplore a message shows up telling
that the installation might be incomplete. Usually, if no otheoremessage occurred
during the installation click on the entry that the program was successfuidijads

If you are running an internet security program on your systemessage about a
potential dangerous application could appear when loading the website of
BioPathExplore Define an exclusion for this site (e.g. by permitting thermgt browser

to start) in order to load the welcome page of BioExgblore

If instead of the welcome page of BioP&tkplore (see Figure 14) an error message
shows up that the page could not be found, press the Reload button of youwstinter
browser that might solve this problem.

If a web server is running on your computer (such as Apachendbt@formation Server,
or Internet Information Services) that uses port 80 the program tBi&Rplore will not
run. Try to deactivate the running web server during the time amu executing
BioPathExplore

If you installed Skype on your computer, you have to deactivaligring installation and
running BioPattExplore Even if Skype is running in the background (indicated as small
icon in the right-lower corner of your desktop) the program BioBaftorewill not run.
Skype must be closed during the time you are running BidBatlore

3.5. Uninstallation of BioPath.Explore under Window s

Uninstall the BioPatlExplore installation by double-clicking on the button
uninst_biopath_explore.exe in yoAMPPdirectory. The XAMPP Lite application can be
completely removed by deleting all files with in the directdAMPP

-15 -



4. Installation using VMware Player

BioPathExplore is also available as pre-installed service running withirowts operating
system. In this case you can run BioP&atiplore nearly without any configuration efforts on
your own computer. However, the drawback of this approach is the afepdwerful
computer hardware (see next chapter). In the following the iastall of this service on a
Microsoft Windows computer (the so called ‘host’ computer) is shown.

4.1. Requirements on Host Computer
Operating system: Microsoft Windows 2000/XP/Vista, x86 Linux (kernel 2.4 or Bighe

Free disk space: 5 GBytes
Memory: min. 512 MByte

4.2. Requirements on Host Computer or any other Cli  ent

A standard Web browser, preferably Netscape (from version 7.0 loerhigr Microsoft
Internet Explorer (from version 5.5 or higher) can be used for Wedssicélso newer
releases of Mozilla and Firefox are compatible to BioEgblore

The execution of JavaScript code is necessary since many pag&sn invisible
functions, which, for example, checks your input for errors before drigafded to the
BioPathExploreserver.

Java-Applets should also be executable in order to start theatgeglava molecule
editor JME.

A screen resolution of 1024 x 768 or higher is recommended.

4.3. Installation of VMware Player

Visit the website of VMware and download the latest version oVtfierare Player (version
2.0 or higher). VMware Player is available for Microsoft Windaav&l x86 Linux. In the
following the installation on a Windows computer will be shown.

Install the software by double-clicking on the downloaded VMware ePlalystribution.
During the installation you will be guided through the individual steps (Figure 17).

-16 -



The installation wizard has successfully installed YMware
Player. Click Finish to exit the wizard.

Figure 17: Window showing the successful installatf VMware

After the installation you might have to restart your computer.

4.4. Unpacking of BioPath.Explore

Unpack the file “BioPath.Explore-VirtualServer-SFX-single.exg”double-clicking on the

file. This is a self-extracting file that will ask fordestination folder to which the extracted
files are saved (Figure 18).

T BioPath.Explore Virtual Server (single SFX) == X |

BioPath.Explore Virtual Server is a VMware virtual machine and
@ requires Viware Player or VMWare Server to be run.
You must install at least VMware Playerin orderto use it. [f you

have not done that yet, please visit VMware web site at
hitp:/fwww.vmware. com/download/player and download and
install VMware Player.

Destination folder

C:A\BioPath.Explore -

Installation progress

[ Ingtall ] [ Cancel ]

Figure 18: Window to select the destination foldéthe appliance

In sum the extracted files will reserve about 4 GByte of gEre, thus make sure that the
destination folder has enough free disc space.

Depending on the power of your computer extraction of the file could last about 5-15aninute

-17 -



4.5. Installation of BioPath.Explore for VMware

After finishing the installation open the VMware program bykifig on the program icon
that was created at the end of the installation process. A iredow will show up that will
ask you to either open existing virtual machines or download virtual machinese(E&jur

Figure 19: Window of VMware Player to open the &opte

Click on the button “Open” to browse your file directory tree (Feg2®). In the next window
specify the directory and filename of the extracted BioEBafiorefile.

Figure 20: Window to select the appliance of BidPBkplore

The system will now automatically start the pre-installed atpey system and starts the
BioPathExploreserver in the background.

-18 -



If the program asks for creating a new identifier, check thempgAlways Keep” and press
the “OK” button (Figure 21).

Figure 21: Window to decide if new identifiers shible created or kept

If the service is ready to be used, a window will show a wdelbess (URL) you need to start
BioPathExplore on your host computer or any other computer that is connected to the hos
computer via LAN (Figure 22). You are now ready to start BioBafilore(see chapter 6).
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Figure 22: Welcome screen of the running applicats VMware appliance

Important remark for using the VMware Player

If you click inside of the VMware Player the window will keep the focus of the enasdong

as you press the buttons “Crtl” and “Alt” on your keyboard simutiasly. Moreover, if your

host computer has the focus and you would like to press a button inside of the VMware Play
you first have set the focus to VMware by clicking anywharéhe VMware window. Now

the player has the mouse focus and you can navigate with your mouaseahthe window,
press buttons etc. To release the focus and give it back to thepleoating system press the
buttons “Crtl” and “Alt” on your keyboard.

If you do not need the BioPaHxplore service any more, you can shut down the service by
pressing the button “Shutdown” within the VMware Player window.

4.6. Trouble shooting for VMware installation
1) Check settings of your firewall

If your web browser is not able to access the BioEBagiioreserver by the shown ip address
you should check the settings of your firewall on your host computer.

2) Change mode of VMware Player to NAT (default: Bridged)

If the BioPathExplore Server does not show a meaningful ip address (e.g. 127.0.0.2), switch
to the NAT mode of the VMware Player: First, change the sstiighe VMware Player by
clicking on the option “Ethernet” “NAT".

Figure 23: Switch to the NAT mode if BioPath.Explgets an invalid IP address

After that, reboot the VMware Player by clicking on the “Rebdmttton. Next time the
BioPathExploreserver starts in NAT mode, i.e. the service is no longe¥sadae within the
intranet, but still accessible on your host computer.
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5. Installation of BioPath. Explore under Linux

Please read the following chapters carefully. We will now gymwle through the individual
steps of a BioPatBxploreinstallation.

5.1. Requirements on Client Site

A standard Web browser, preferably Netscape (from version 7.0 loerhigr Microsoft
Internet Explorer (from version 5.5 or higher) can be used for Wedssicélso newer
releases of Mozilla and Firefox are compatible to BioEagblore

The execution of JavaScript code is necessary since many pagesn invisible
functions, which, for example, checks your input for errors before drigafded to the
BioPathExploreserver.

Java-Applets should also be executable in case you want to usetebeated Java
molecule editor JME. If you only want to run property-based kearg/ou do not have to
activate this option.

A screen resolution of 1024 x 768 or higher is recommended.

5.2. Requirements on Server Site
Operating system: x86 Linux (kernel 2.4 or higher), Sun Solaris 5.8 or later,iSGblr

Apache or Apache2 Web server

5.3. Apache Configuration

Before you start the installation process of BioHatplore you should check whether the
Apache Web server is running on the server and whether it caccbssad from a client
computer in the same network. If not, please setup Apache first.

In the Apache configuration filettpd.conf there are some important settings concerning
the DocumentRoot and the location of CGI scripts. On SUSE Linux 8.1 or later
DocumentRoot is by default set tésrv/www/htdocs and the CGI scripts are stored in
/srviwww/cgi-bin/ . This can vary for other Linux or Unix systems and is NOT a
problem as long as the entries point to existing directories.

In the following we will refer to both directories only asHTDOCSand CGI-BIN . Please
substitute them by their absolute paths.

5.4. Create Directories on Web Server

Login asroot to your Web server computer and create the following direct(seeschapter
5.3 for further explanations):

CGI-BIN /biopath
CGI-BIN /biopath/tmp
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5.5.

5.6.

In

HTDOC#Hiopath

Unpack BioPath.Explore Distribution
Mount the  BioPathexplore CD-ROM and copy the file [CD-
ROM]/biopath/cactvstools-[OS]-

3.XXX_biopath4[customer].tar.gz to CGI-BIN /biopath/tmp
Unpack the BioPatExploredistribution inCGI-BIN/biopath/tmp by:
gunzip cactvstools-[OS]-3.XXX_biopath4[customer].tar.gz

and

tar —xvf cactvstools-[OS]-3.XXX_biopath4[customer].tar

Run BioPath.Explore Installation Script

Go to CGI-BIN/biopath/tmp and run the./installme script. During the
installation you will be asked to enter some further information.
If it is asked for CGI-BIN  or HTDOCS please substitute them in our answers by

their full paths (see Apache configuration)!

Q: I need a place to create my library subdirectory called 'cactvstevibeyou want me
to put the libraries ? [/usr/local/lib]

CGI-BIN /biopath

Is this a WWW CGil installation ? [n]

y

What is your local URN namespace ? [.local]

<Enter>

Where do you want me to put the start scriptSGI{BIN/biopath ]
CGI-BIN /biopath

Q: I need a place to copy all HTML files for the database. Where do you veatot pat
these files ? [/usr/local/httpd/htdocs/biopath]
A: HTDOC®iopath

>0 20 20 »

Now the following message should be displayed:
Cleaning up...

Test run of basic scriptless interpreter...

*%k%

Hello! | am the CACTVS interpreter version 3.XXX
License timeout: none

*k%

Q: Remove tar source file ? [n]

A n

case that you do not see the "Hello! | am the ..." messaggepteanot proceed with the

installation and contact Molecular Networks GmbH for further supfswpport@mol-
net.com).
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5.7.

normal text editor.

Adapt the Installation
Go to the directoryCGI-BIN/biopath

and edit the filebiopath.cfg with a

The variables foWWWDIR_LOCAIHTMLDIR, CGIDIR , SERVERIP, and
HOSTNAMHave to be adapted to your current Web server settings. The setting of the
following variables is depending on the environment in which BioBaghoreis

installed. EXPORTEXPASY_LINK BRENDA_LINKLIGANDPDB_LINK,

BioXM_LINK can be either setto 1 or 0. If you do not know what to set, just keep the

default entries.
WWWDIR_LOCAL

HTMLDIR

CGIDIR

SERVERIP
HOSTNAME

EXPORT

EXPASY_LINK
BRENDA_LINK
LIGANDPDB_LINK
LIGANDPDB_CGI

BIORS_LINK
BIORS_CGl
PATHMINER_LINK
PATHMINER_CGI

BIOXM_LINK

Absolute path to the document root directory on the Web server
(should match with the entry "DocumentRoot" in the
configuration file)
Name of the directory, in which the HTML files of
BioPathExplorewere installed
Relative path to server script directory (should match with the
entry in the web server configuration file)
IP address of the Web server
Full Web server host name, such as
computername.company.com
(only for an intranet or local installation the short name of the
computer is sufficient).
Active structure and reaction export functionality by gettin
the variable to “1”, deactivated by “0”
Activate / Deactivate links to ExXPASYy server (in &lePage)
Activate / Deactivate links to Brenda server (in &lePage)
Activate / Deactivate links to LigandPDB database
Relative path to server script file executing requests t
LigandPDB database
Activate / Deactivate links to BioRS server (in DelRabe)
Relative or absolute path to executable server script of BioRS
Activate / Deactivate links to PathMiner servier Detail Page)
Relative or absolute path to executable server script of
PathMiner
Active / Deactivate links to BioXM server (in Detail Rag

BIOXM_CGI_REPORT Relative or absolute path to executable server stBXM

report pages

BIOXM_CGI_REVIEW Relative or absolute path to executable server siripio XM

review pages

DOWNLOADPASSWD If the password is not empty, the user has to input this password
when exporting datasets from BioPath

REPORTDOWNLOAD Activate this flag if the export processes via paskslwuld be
reported
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REPORTEMAILADDRESS  Specify the email address of the persons #thsstthe
exports processes

CHINESENAMESUPPORT  Activate (1) or deactivate (0) the display of Gleine
names

After these modifications run the scrig@GI-BIN/biopath/update.tcl by
executing./update.tcl in CGI-BIN/biopath . (only on Linux computers)

Ensure that the Apache default user wwwrun is allowed to exetiutdes in CGI-
BIN/biopath

5.8. Test the Installation

Open an internet browser with activated Java and JavaScript, therthep®llowing URL:
http:/<HOSTNAMHE<HTMLDIR> (<HOSTNAME>and <HTMLDIR> are identical to the
settings in the fildiopath.cfg ).
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6. Start

You can access BioPaHxploreby starting your Web browser and typing in the Web address
(URL) mentioned in the former chapter. Naturally you can alsaget shortcut on your
desktop. You will see a starting page similar to that in Figure 24.

Figure 24: Initial screen of BioPath.Explore - TRaiery form

Minor variations of the appearance depend on the computer type, the Welerbawasthe
contents of the BioPath database. These variations are normal and are no caasa.for al

All of the red text, and this is relevant for the entire @ystare hypertext links. They direct
you to other Web pages of the BioP&tploresystem.
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7.  Navigation Model

BioPathExplore provides on top of the screen a navigation button bar (see Figure 25), that
enables an easy switch over between different windows and operaittes. The dropdown
menuMoleculesandReactionsallows switching between the molecule and reaction database
The buttonsQuery, Search Browse Download Visualize Print, and Quit are assigned to
specific tasks and grouped into a logical order. At the beginniagBadPathExploresession,

the buttonQueryis pressed whereas the butt@rewse Download Visualize andPrint are
inactive. The only button which can be pressed so far iSélaechbutton (and of course the
Quit button).

Figure 25: Button bar for the navigation betweeffetent windows

The system is designed to switch easily between severaatigmermodes. The normal
workflow goes from th&ueryform via theSearchbutton to theHitlist page (see Figure 26).

Figure 26: Button bar after a search has been pantxd

Once a hit list has been created by performing a searchljgplay can be switched to the
detailed view of thé8rowsemode. There are more options for hit lists. They can be stored in
a data file by pressing ti@ownloadbutton, the chemical structures can be displayed in 2D or
optionally in 3D by pressing théisualizebutton, or the hit list can be sent to the printer by
pressing thePrint button. The latter is also available if the display is switcleeBrowse
mode.
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8.  Simple Search Applications

8.1. Introduction

All searches for compounds and reactions are started from the fguery This form is
automatically opened at the beginning of a BioRatplore session or if the buttoQueryin
the navigation bar is pressed (see Figure 27).

Figure 27: Query form of BioPath.Explore

The Query form is organized as following: On the left-hand sidecgoufind all window
elements for a structure-based search, e.g. the molecule edittnatving a query structure
and beneath the buttons for the specification of a search type. Omghhdéand side all
window elements for the definition of a property-based search atetbcThere are mainly
entry fields in which numerical values can be entered. Eidsfare divided into basic and
advanced search methods. You can switch between both tabs by clicking tittesBasic
Searchand Advanced SearctEvery input row in both tabs of the query form consists of a
field description, a checkbox for negation, and a data field.

The query typesunctional GroupsOccurrence andCompartmenbpen up an additional list
of predefined entries, which offer more search options (see ch@#® on page 47 for
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functional group searches). You can get assistance to specificetartrgnts by clicking onto
the corresponding question mdak

The Searchbutton of the navigation bar at the very top of the screen is useart@ Stearch
for the query structure and/or the data entered into Query form. In general,
BioPathExplore allows the combination of structure- and property-based search méthods
one query. Just draw a chemical compound or substructure in the racedor on the left-
hand side of thQueryform and enter additional search criteria on the right-hand side.

8.2. Gross Formula Search and Display of Results

As an example for a simple search we will perform a gimssula search. Please, enter into
the data fieldrormula of the Queryform the textC303H6 Deselect the optioallow extra
elementsand press th8earchbutton in the navigation bar in order to find structural isomers
of carbohydrates with the formula [C{Bl)]; (see Figure 28).

Figure 28: Formula search for carbohydrates witeth carbon atoms

With only these few maneuvers you will find four hits from BioHaxiplorein the database
(see Figure 29).

Figure 29: Hit list page to the gross formula seaf carbohydrates with three carbon atoms

To obtain additional information for each compound, e.g. physicochemicalrpespelease
click on the corresponding data record number in the left column thlele Record The
display is then automatically switchedBoowsemode and each compound is displayed with
its full information (Figure 30).
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Figure 30: BioPath.Explore’s detail page for |-late

Some queries may result in unexpectedly many hits. Thereforenave deliberately
renounced the usage of molecule pictures onLteepage. Some hundreds of pictures can
have an enormous impact on your computer capacity. In case yowastillto see the
overview chart with all the pictures, please choose the optisualizeand switch to &D
Structure Gallery(Figure 31).

Figure 31: Generation of a 2D structure gallery

Then the BioPatExplore Image Gallery Page is displayed which contains chemical
structures and some basic information for each record (Figure 32).

-29.-



Figure 32: Image gallery page

From this window you can again switch to the detailed view oBtibg'semode. This can be

done either by clicking onto the red hyperlinkedcordnumber which is displayed for each
record (Figure 32) or by clicking onto tBeowsebutton of the navigation bar. Depending on
the availability of physicochemical properties, the detailedv\véan turn out to be more or

less voluminous (Figure 33).
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Figure 33: Detail page of 3-hydroxy-propionate

On theDetail Pageyou can find in the lower part a button which enables the display of the
compound as an interactive 3D model which can be rotated and zoomed in dRad)ana

34). The 3D structure is generated by CORINA which can be ofitiobandled to
BioPathExplore
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Figure 34: Interactive 3D model of a chemical compo displayed in BioPath.Explore

8.3. Usage of the Molecule Editor for Structure Sea  rches

From all structural search methods, the easiest one isdbge fgrmula search. However, it is
also the least precise search method. If you are, for examplantarigsted in glutamate and
not in its isomers, you can make the search easier by qaoyina full structure search. The
most straightforward way is to draw the query structure bynsied the built-in Java
molecule editor.

The chemical structure of glutamate is quickly drawn. Pledis&, anto the button with the
chain symbol and then in the middle of the drawing area. Hold the left mouse button
pressed and move your mouse until the chain has a size of 7 (see @adrttefower left
corner of Figure 35).

Figure 35: Drawing of a carbon chain

Next, please activate the drawing mode for single bonds byipgabe button on the left
side in the upper second row. Click onto the third carbon atom of the chain (see Figure 36).
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Figure 36: Drawing of the substitution pattern

Now, the two double bonds of the carbonyl group should also be drawn. In@dkethis a
double bond can easily created by clicking on the third button in the upper second row

Click onto the two carbon atoms next to the terminal carbon atoms of the chain @yure

Figure 37: Drawing of the substitution pattern

You can see that the substituents are still carbon atoms, dias atan be redefined by
selecting another element on the element bar and then by clakioghe atoms that need to
be changed. In our case we select the nitrogen atom from theneleane and click onto
the substituent with the single bond (Figure 38).
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Figure 38: Changing element types

Then we select the oxygen atom and click onto the two substituents of both double bonds
and the terminal atoms in order to define carboyxlic acid groups. (Figure 39).

Figure 39: The final query structure of glutamate

8.4. Starting a Search

After finishing the drawing of a query structure, the searcle tyas to be specified in the
search type panel, which is located below the molecule editbeiQueryform (see Figure
27 on page 27 and Figure 40).

Figure 40: Structure search type panel

The search typExacthas to be selected for a full structure search. Other optidhs search
type panel ar&ubstructurgSimilarity, andPrecursorswhich will be explained in chapter 9.
The Searchbutton in BioPathexplorés navigation bar has to be pressed in order to start the
desired structure search (Figure 41).

-34 -



Figure 41: BioPath.Explore's navigation button bar

The result of a structure search will then be presented dnsteage.
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0. Extensive Search Possibilities

The database offers extensive search capabilities whigntedly go beyond the simple
examples of a gross formula and a full structure search. Hmrewyll find additional
information for the different search possibilities.

9.1. General Remarks

Usually, the query structure for structure searches will laevarwith the Java molecule
editor. Hydrogen atoms need not to be specified since they will atitaily be completed.
Full structure and substructure searches are stereospecifiaséntttat a query compound
contains chiral centers, only those hits are found which correspond steteechemistry of
the query compound.

If open sites are to be defined in the query structure, a sulbs&setarch should be initiated.
If additional characteristics, like formal atom charges oro@®t markings should be
considered, it is also necessary to carry out a substructure search.

9.2. Substructure Searches

BioPathExplore contains a high performance substructure search system kith you can
search for embedded fragments in all available moleculesidaigal, a substructure search
can replace any full structure search. Full structure kearare, however, much faster than
substructure searches. An essential difference between stilnsrsearches and full structure
searches is, that hydrogen atoms are not automatically add#uk tquery structure. All
valences that are not explicitly specified are considered tpbr. Thus, any atom can be
connected.

In most cases simple substructure queries are sufficientftompea substructure search. The
search system, however, also supports more sophisticated searcls, quenehich the
character of atoms and bonds can be specified more precisetya@ditional query features
are, for example, statements concerning valence, number of neighbarbemships in rings,

or aromaticity. These query features are accessible withimtegrated Java molecule editor.
By pressing theQRY button a pop-up panel is opened (see Figure 42), in which additional
attributes can be assigned to atoms and bonds of the query str&siget the desired
attributes on the panel and click onto those atoms or bonds to which tiyefeptares shall

be applied.
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Figure 42: Attribute window of the Java editor faxtended query features

Further search options can be specified in the lower part @uleeyform below the search
type panel (Figure 43).

Figure 43: Additional search options for substruetsearches

Ring bonds can also be aromatidsually, aromatic bonds in hits can be mapped to single
bonds as well as to double bonds of the query structure. If it is chélealesaturated ring
systems should also match aromatic bonds, this setting should be activated.

In Table 1 some examples for substructure searches with the correspondingajaagiesn.

Query Type Query Structure Number of Hits
Full structure 1
Substructure 20

Stereo Substructure 2
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Query Type Query Structure Number of Hits

Stereo Substructure 14

Table 1: Examples for full- and substructure seastvith and without stereo centers

9.3. 3D Substructure Searches

BioPathExplorealso supports 3D substructure searches, that are particuladyarsinding
structures with a certain spatial arrangement of functional gradpsh follows a known
pharmacophore model.

A simple 3D substructure search will be demonstrated herexder to formulate the query,
the molecule editor of th@ueryform has to be used. In our example we will follow the 3-
point pharmacophore model for antiarrythmic agents. The pharmacophoric g
phenyl ring, a tertiary amine, and a carbonyl group. Therefore, ave these groups within
the molecule editor one after another. Between each drawimdgtlibutton has to be pressed
since all pharmacophoric groups shall not be connected (Figure 44).

Figure 44: Drawing of three pharmacophoric groups

In order to define the internal distances of the pharmacophorkaveeto label one specific
atom in each pharmacophoric group which interacts with the ligandh&@henyl group we
select a carbon atom of the ring, for the tertiary amine we ehthesnitrogen atom, and for
the carbonyl group the oxygen is selected. The labeling itselbegerformed by pressing
the label buttori23and by clicking on each of the atoms listed before (Figure 45).

-38 -



Figure 45: Atom labeling for pharmacophoric groups

Now, internal distances for the selected atoms have to be definds Query form of
BioPathExplore This can be done by switching to thdvanced Searctab, opening th8D
Constraintsand entering the atom labels and a value range for the distaAcgstrom. In
our example the distances between atom 1 and 2 shall be from 4 teeéu&en atom 2 and 3
from 6 to 8 A, and between atom 1 and 3 from 4.4 to 6 A. Atom labels bdwe separated
by blanks, distances can be entered either as numeric value or as rangei@igure

Figure 46: Definition of 3D constraints

Please note that the distance entries in the 3D constramiswvishould lead to a reasonable
configuration. The above mentioned entries, for example, set up ddrtaaghas an average
side length of 5, 7 and 5.2 A - with a tolerance of 1 A for each sioeetzer, it would not be
possible to set up a triangle with side lengths of 3, 4 and 10 A.

The 3D substructure search can now be started by setting thh sg#e toSubstructureand
pressing th&earchbutton in BioPathexplorés navigation bar (see Figure 41 on page 35). In
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order to speed up the 3D substructure search we recommend the ¢mmbwvith some
numeric search criteria, e.g. Lipinski’'s Rule of Five.

Figure 47: Search type panel

Figure 48 shows one hit of the 3D substructure search.

Figure 48: Example hit of the 3D substructure séafharmacophoric groups are colored in red

In order to display all conformers that are stored in the dagdbashis specific record, one
can set theVisualizationformat to Display Conformersand press th®isplay button. A

selection of conformers for the current record is shown in Figur&ia8e each conformer is
visualized by a Java applet, the molecular structures can bedsatabmed, and displayed in

different styles.
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Figure 49: Selection of diverse conformers for ske&cted record

The generation of 3D structures is handled by the CORINA prograrerdei sets of
conformers are generated by the ROTATE program. The stora@® cstructures and
conformers in the BioPathxplore database is an optional feature and therefore not included
in the BioPatlExplorestandard package.

9.4. Similarity Searches

In some cases it is useful not to look for completely identanpounds in the
BioPathExploredatabase, but to search for molecules that have a similarrpat functional
groups, which may vary in their arrangement.

Hits of a similarity search that are highly similar congohto a query structure do not only
have similar functional groups, but also similar sizes. Furthernmbeze are seldom any
additional functional groups present in the compounds found in the dat@baseumber of
hits can be regulated by the minimum value of similarity bygishe so-called Tanimoto
index. The lower the rate, the more hits you will obtain.
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Some examples for similarity searches are given in Table 2 on the next page.

Query Similarity Number Example Hits
Range of Hits
>98 % 2
>95% 5
>92 % 8

Table 2: Examples for similarity searches

9.5. Precursor Searches

Another search type provided by BioP&tkploreis the so-called precursor search. For some
operational areas, e.g. in synthesis, it is less importanethyl ester or a methyl ester of a
substance is needed, or if a secondary alcohol or a ketone of a giveimgobilock is
available — both compounds can be easily converted into each other. Howesierple
solution to this kind of query are precursor searches. By saetttia search type another
panel is displayed (see Figure 50).

Figure 50: Options for precursor searches (defaelttings are shown)

In this panel you can determine how to systematically generdaiize in three steps
concerning th&ackbonethe Substituentsand furtheiProcessingsteps which will be applied
to the catalog compounds. First you define what the scaffold ofaimpaunds should be.
This could be, for example, the aromatic ring system including the entire cakddeton. The
substituents that are connected to this scaffold can eithemimved completely, kept as a
single atom or considered as an abstract substituent without sgerfient type definition.
Furthermore, potential hits of this search can undergo a gendralaéation procedure.
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Usually, the default settings of the panel shown in Figure 50 giee gesults for most
gueries. Some sample hits for a precursor search are given in Table 3.

Query Panel Number Example Hits
Settings of Hits

Default 10

Table 3: Example for a precursor search

This conceptual new search method is a valuable instrument palyidolathe planning of
synthesis (we may inform you that precursor searches argatsof the program system
WODCA which is specially designed for the interactiveraggnthetic planning of organic
synthesis. Please, contact Molecular Networks for more information).

9.6. Name Searching

This search is the only one that works also for entries withoustuctural data - like in the
case of agar. Several versions of name queries exist. Thelpxaet, Exact (only letters),
Fragment Fragment (only letters)Fragment(only letters),Shell matchand SYSV regular
expressionAll queries allow upper and lower case notation.

The versionsShell match syntaandSYSV regular expressi@ome from the Unix world and
work exactly as the file system wildcards in a bourne sheddpactively allow the use of full
system V regular terms, including alternative branches.Hésetqueries also the symbols *’
(none, one or more desirable character), ‘?’ (exactly oneedesivaracter) and ‘[]' (character
set) can be interpreted in the search (Table 4).

Query Type Query Hit List
exact name L-glutamate L-glutamate
name fragment glutamate L-glutamate, N-acetylglutamate,
(S)-glutamate-1-semialdehyde
shell match glu* glutarate
syntax glutaryl-coenzym A

Table 4: Some examples for name searches

9.7. EC Number

EC numbers (Enzyme Commission numbers) are a numerical dassiii scheme for
enzymes, based on the biochemical reactions they catalyze. Stemsy able to interpret the
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input of a single EC number (such as 3.1.3.3), several EC numbers (3.1.3.3) or 3.1.3.*
to retrieve all members of the 3.1.3 class (Table 5).

Query Type Query Hit List
EC number 3.1.3.3 L-serine, phosphate
EC number 3.1.3.33.1.34 L-serine, phosphate, diacylglycerol-3

phosphate, D-1,2-diacylglycerol

EC number 3.1.3.* 3-phosphoserine, L-serine, phosphate,
diacylglycerol-3 phosphate, D-1,2-diacyl-
glycerol, myo-inositol, pyrophospate, etc.

Table 5: Some examples for EC number searches

9.8. Gross Formula Searches

For gross formula searches there are two options. They diffetomiral) or not allowing
elements that are not included in the given formula. In order toedafgross formula search
enter the molecular formula successively in any desirabtpiesice without any space
character. An element symbol has to start with a capitar lahd is continued with a lower-
case letter in case that the element symbol is formed byldtiers. This is necessary to
distinguish between CS gas (one carbon, one sulphur) and the elemeaes§ian). If an
element symbol is not followed by a number, it will be considerea siagle element. The
number of elements can be defined as a single number, as an ngen(dawnwards or
upwards), or as a closed range. Sometimes it can be useful to use the tonbdicate that
a certain element must not be contained in the hits. The query 83-R0 searches for
compounds with three to four carbon atoms, three oxygen atoms, at leastlgmng atom
and without any nitrogen atom. Also sums or differences can be idclundgegross formula:
If one is interested in molecules having in sum two halogen atom&ereby each
combination of halogens are permitted - the query should contain (F+d)2BOn the other
hand it is also possible to appoint differences of atoms to, fongbe, find all molecules in
the database which contain six carbon atoms and where the nunaxggeh atoms are two
lesser than the number of nitrogen atoms. In this case the fowauld be: C6(N-O)2 (Table
6).

Query Type Query Remarks Hit List
no additional C303H6 Precisely three carbon  D-glyceraldehyde, L-lactatg,
elements allowed atoms, three oxygen atomd-lactate, 3-hydroxy-

and six hydrogen atoms propionate
additional C303 Precisely three carbon  D-glyceraldehyde, pyruvate,
elements allowed atoms and three oxygen L-serine, lactate, 3-

atoms and further elementsnercapto-pyruvate
additional C5-605-6  Five to six carbon atoms, D-glucose, D-fructose, L-
elements allowed five to six oxygen atoms ribulose, myo-inositol
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Query Type Query Remarks Hit List

and further elements

additional (F+CI+Br+l)2 Precisely two halogens andliiodo-L-tyrosine, 3,3'-
elements allowed further elements diiodothyronine
additional C6(N-O)2  Precisely six carbon atom4.-histidinol, L-arginine
elements allowed and two more nitrogen

atoms than oxygen atoms

Table 6: Examples for gross formula searches

9.9. Molecular Weight Searches

The query for the molecular weight only needs a brief reméoktiRg point numbers like the
molecular weight are checked for identity integrally rounded {mly there and not in the
range searches), so that the molecular weight does not have pediiged with a decimal
place (Table 7).

Query Type Query Remarks Example Hits
Molecular weight 46 Molecules with a roundedethanol C2H60 (46.07),
(range or number) molecular weight of 46  formate CH202 (46.03)

g/mol
Molecular weight 155-160 Molecules with a roundedrotate C5H4N204 (156.10)
(range or number) molecular weight of 155 allantoin C4AH6N403

to 160 g/mol (158.12)

Table 7: Examples of a molecular weight search

9.10. Data Set Record Number

This query is only useful if you know the data set record numbecofmgound from earlier
searches. The input can be any closed range, for example 10-200p@ds ranges are
possible. Several of these ranges or single data set record numbeimsiare @l be listed one
after another separated by space characters (Table 8).

Query Type Query Remarks Hit List
data set record(s) 100 data set number #100 100
data set record(s) 120-23 data set number #1, #200, 21, 22, 23
#21, #22, #23
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data set record(s) -5 data set number #1-#5 1,2,3,4,5

Table 8: Examples for searching a data set recamhiber

9.11. Complexity

The structural complexity is a theoretical estimation of hommex the molecule structure
is. For synthetic purposes you can herewith for example exclude compeithdso many
functional groups. Benzene has a complexity of ca. 15, whereas sonpder molecules
could have a complexity of up to several thousands (Table 9).

Query Type Query Remarks Example Hits
complexity -40 molecules with a complexity uf,2-propanediol,
(range or number) to 40 ethanolamine

complexity (range 1000-1200 molecules with a complexity NAD, Ubiquinone
or number) from 1000 to 1200

Table 9: Examples for structural complexity

9.12. Atom Count Searches

During the search for the number of atoms all atoms withiolacule are taken into account,
incl. the hydrogen atoms. You can let the system searclspgafic number or by a number
range (Table 10).

Query Type Query Remarks Hit List
atom count 23 molecules with a total of 23 ribose-1-phosphate
(range or number) atoms (incl. H-atoms) agmatine
atom count 90-95 molecules with a total of 902-polyprenylphenol,
(range or number) to 95 atoms (incl. H-atoms) succinyl-CoA

Table 10: Examples for atom count queries

9.13. Ring Count Searches

For the number of rings you must understand that the number of tb#exbEESSSR rings is
counted. These are all rings that include a sequence of thgeatoms that are not contained
in another ring. For biphenyl the counter is two, but for naphthaliigetitree, because the
covering ten-membered ring is counted, too. A three atomic seqteicens over a bridged
atom from one ring into another, is not included in one of the two elanyesik rings (Table
11).
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Query Type Query Remarks Hit List
ring count 2 molecules with two rings alpha-carotene,
(range or number) menaquinol
ring count 35 molecules with either threeadenosine-5'-
(range or number) or five rings diphosphate

Table 11: Examples for ring count queries

9.14. Hydrogen Bond Donors / Acceptors

The number of H-bond donors or acceptors is an estimation. For the dibrotanding
partners of the hydrogen atoms are counted and not the actual active hydrogesatbatsaa
primary amino group only counts as one donor (Table 12).

Query Type Query Remarks Hit List
H-donors 5 molecules with five beta-D-fructose, I-
(range or number) hydrogen donor groupsarginine
H-acceptors (range 3-5 molecules with 3 to five(R)-mevalonate, (S)-
or number) hydrogen acceptor malate

groups

Table 12: Examples for hydrogen bond queries

9.15. Rotatable Bonds

For rotatable bonds only those bonds are counted that can rotate fi@elpg bonds, no
amide single bonds) and for which the rotation has a stereoscopic effect (hacefmnds to
methyl groups). As well as by the hydrogen bond donors and acceptode#sswith a
heuristic estimation, not an exact rotation modeling (Table 13).

Query Type Query Remarks Hit List
Rotatable bonds 1 Molecules with exactly Propanonate,
(range or number) one rotatable bond Aminoacrylate
Rotatable bonds 5-6 Molecules with five to  (R)-Pantothenol, D-
(range or number) six rotatable bonds Gluconate

Table 13: Examples for rotatable bond queries

9.16. XLogP

XLogP is one approach for calculating the logP, the octanol/vpateition coefficients of
organic compounds. The detailed algorithm has been described by Wan@gRetWang, Y.
Fu, L. LaiJ. Chem. Inf. Comput. ScB9, 868-873, 1999). It is a floating point value, ranging
from -19.8 to 24.0. The average xlogp value of the structures is about -0.4 (Table 14).
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Query Type Query Remarks Hit List

XLogP (range or 2-3 molecules with a logP estriol, cholate,
number) value between 2 and 3 juvenile hormone Il

Table 14: Examples for XLogP queries

9.17. Reaction Hubs

Reaction hubs are defined as the amount of reactions in which one imageicwvolved. For
example L-glutamate is involved in 64 reactions, thus having a oaaatib of 64. It is an
integer value, ranging from 1 to 727 (for proton). The average numbeaction hubs is
about 5.7 (Table 15).

Query Type Query Remarks Hit List
reaction hub 700- Molecules having a proton
(range or number) reaction hub of at least

700

Table 15: Examples for reaction hubs queries

9.18. Functional Groups
In some cases chemists are interested in compounds that can riegldgscribed as

aldehydes without any carboxyl group principal such a search is possible by substructure

searches, but unnecessarily complicated. For this kind of seaiinRgthExplore offers a
simple and fast method.

By pressing the button in the Queryform of the entryFunctional groupsa list of groups
will open (Figure 51). In this panel many common functional grouppr@edefined and can
be specified by adapting the amount of their occurrence in the dlesorapounds. The
predefined range for each functional group goes from O to 99.
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Figure 51: Window for functional group specificat®

The following functional groups are searchable: Acid, acid halidehgtle, ketone, amine,
prim. amine, sec. amine, tertiary amine, quart. amine, amids, e@stohol, phenol, thiol,
thiophenol, ether, thioether, enole, epoxide, lactone, oxime, nitro, acid até)ydyanide,

sulphonic acid, phosphate, aliphatic halide, aromatic halide, aromatigentatom, aromatic
sulphur atom, aromatic oxygen atom, CC-double bond, CC-triple bond.

Enter the desired range for all interesting functional groups. So@mmples on functional
group searches are demonstrated in Table 16.

Query Type Remarks Hit List
carboxylic acid (-COOH): 0 0 molecules with one all-trans-retinal,
aldehyde (-CHO): 1 1 aldehyde group, but no  5-hydroxyindole-

carboxylic acid groups acetaldehyde

carboxylic acid (-COOH): 1 1 exactly one acid group andL-ornithine, L-
amine (-NR): > 3 twoto three amino groups tryptophane

Table 16: Examples for functional group searches

9.19. Occurrence

Here the organism in which the molecule or reaction should ocaubespecified, such as
General Pathwayin Prokarya in Plants and Yeast®rin Animals Please click on the -
button in order to open a list of predefined occurrences (Figure 52).
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Figure 52: Window for occurrence specifications

L-tryptophane is an essential amino acid that cannot be syrdtidsizanimals. Searching for
tryptophane will give you some hits, but combining this search avifiven occurrence in
animals will give no hits (Table 17).

Query Type Remarks Hit List
name (name fragment): trypto search for molecules with L-tryptophane
occurrence: all species (default) name fragment “trypto”
name (name fragment): trypto search for molecules with no hit
occurrence: in animals name fragment “trypto”

only in species “animals”

Table 17: Examples for occurrence searches

9.20. Compartment

Here the location in which the molecule or reaction should occur capduified, such as
Cytoso| Chloroplasts Mitochondrig Endoplasmatic reticulupiPeroxysomesndothelium of
blood vessel|sVascular muscle cellAnimal extracellular matrix Nucleus Animal cell
membranPlant Cell Wall Please, use the separate panel for the desired selectitickimgc
on the -button (Figure 53) in th€ompartmentine.

Figure 53: Window for compartment specifications

Some searches on the compartment are shown in Table 15.
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Query Type Remarks Hit List

name (name fragment): trypto search for molecules with L-tryptophane,
compartment: all (default) name fragment “trypto”  5-hydroxytryptophang
name (name fragment): trypto search for molecules with no hit

occurrence: animal cell membran name fragment “Trypto”
only in “animals cell
membrans”

Table 18: Examples for compartment searches

9.21. Negative Searches

On all entry rows in th@ueryform there is a checkbox between the search criterion and the
associated data field which is labeled wiibt. When this button is activated the result of a
search in this row is negated (Figure 54).

Figure 54: Negate a search criterion

This, for example, means that structures with a molecular weilglth isnot in the range
from 0 to 500 g/mol will fulfill the search criteria. Negatearches on its own are relatively
useless. In combination with one or more positive criteria they feoeever, often an
effective instrument to optimize the hit list.

9.22. Further General Valid Search Options

In addition to the fundamental search operations, the lower part @uée/form contains
another row of switches which globally affects the processing of rexj{se® Figure 55).

Figure 55: Lower window area of the query form

Connect criteria by logicalln this row you can specify how the several search fields
should be linked, in case you use more search fields at the saenantone request. A
typical example in which two search criteria should be combine8iNiy, is a search for
compounds that contain a certain substructure and their moleculdnt \degs not exceed

a certain limit. If you want to look for two alternatives at s#aene time, just enter the two
admissible possibilities into two fields and set the linking mode @f®o The third
versionXORallows the search for compounds that fulfill one of two aatdsut not both.
This option is rather made for specialists. Which field you usewluich purpose is
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indifferent. The search system sorts out the sequence of theepa#dsts to efficiency
criteria each time new anyway.

Maximal hits Here you can specify the maximum number of hits in any Be#s a
default you will get maximal 100 hits. Typical numeric or texeotated queries need
only a few seconds.

Query TimeoutMore complex substructure searches, especially in combinattbr3wi
searches, can, however, take considerably more time. In case gduantmporary
answer quickly, you can restrict the maximal search time.
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10. Searches on Biochemical Reactions

10.1. Introduction

All searches for reactions are initiated from eeryform in reaction mode. The default
mode Moleculescan be switched to the reaction mode by chooBiegctionfrom the pull
down menu on the top left-hand corner (Figure 27 and Figure 56).

Figure 56: Query form of BioPath.Explore is seteéaction mode

TheQueryform in reaction mode is quite similar to tQeleryform in molecule mode: On the
left-hand side you can find all window elements for a reactionebsesarch, e.g. the molecule
editor to draw a reaction query. On the right-hand side all windemezits for the definition
of a property-based search are located. These entry fiedspacific for reaction searches
(Figure 57).

Figure 57: Query form of BioPath.Explore for reamtisearches

10.2. Reaction Substructure Search

In the following section a detailed introduction is given how @arsh for biochemical
pathways that includes a specific reaction step: The reducti@ aafrbonyl group to an

-B3 -



alcohol group (Figure 58). This kind of application can be achievedrbyirg@out a reaction
substructure search within BioPdERplorés reaction database.

Figure 58: Reduction of a carbonyl group to an dobgroup

In order to define a reaction substructure search query, thetBigRaore system has to be
switched to reaction mode (Figure 56). Then, a C=0 structure fragrae be drawn on the
reactant side of the Java Molecule Editor JME (Figure 59).

Figure 59: First step in the query definition tcaseh for reduction reactions

A label can be assigned to the oxygen atom by clicking on the ti2f®n in the button bar
of JIME (Figure 60).

Figure 60: Button in JME to set atom-atom mappiogibers

Then, by clicking on the oxygen atom the number "1" will automlitite assigned to this
atom (Figure 61).

Figure 61: Second step in the query definitiongarsh for reduction reactions

Now, the reactant molecule fragment is copied to the product sitie oéaction by clicking
on the arrow button of JME (Figure 62 and Figure 63).
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Figure 62: Button in JME to transfer reactants ke tproduct side

Figure 63: Third step in the query definition taseh for reduction reactions

The product molecule needs to be modified into an alcohol fragnyefitsb changing the
bond order (Figure 64).

Figure 64: Fourth step in the query definition ®asch for reduction reactions

Then, a hydrogen atom has to be added by creating a new borgl on the oxygen atom of
the product molecule fragment. By clicking on the element "X" ineteenent button bar on
the left hand side of JME a small window is shown in which the &ype can be specified
(by default H, Figure 65).

Figure 65: Select the atom X in order to draw hyghko atoms

Close this small window and change the terminal atom type to hydimgelicking onto it
(Figure 66).

Figure 66: Fifth step in the query definition tcaseh for reduction reactions

In order to specify open sites on the carbon atoms on the reacthpra@duct side of the
reaction, the Atom/Bond Query window has to be opened by clickingeo®RY button in
the button bar of JME. C has to be chosen so that #6 appears in time lasthe Atom/Bond
Query window. The Atom/Bond Query window can now be closed (Figure 67).
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Figure 67: Query in JME to specify open sites

By clicking onto the carbon atoms of the reactant and product mol@aglaents the open
sites are assigned (Figure 68).

Figure 68: Final query to search for reduction réians

Now the input of the reaction query is finished. By clicking onto Skarchbutton in the
navigation bar of BioPatBxplorg the reaction substructure search is initiated and after a few
seconds the histlist is shown (Figure 69).
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Figure 69: Hitlist for reduction reactions

By switching the display intBrowsemode, all details of a specific reaction record are shown
(Figure 70).
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Figure 70: Browse mode for reaction display

10.3. Reaction Center Search

Searches focussed on reaction centers are useful to retrietiengavith a specific number
of bonds that are broken or formed. In this section it is shown how ievestll biochemical
pathways that includes reactions in which a carbon-carbon single bdodmied on the
product side.

The query definition is started by drawing a C-C bond on the praudetof JIME (Figure
71).

Figure 71: First step in specifying a query to selafor reactions forming a C-C single bond

Both carbon atoms need to be labeled by clicking ol #3dutton in the button bar of IME
and clicking on both atoms. The numbers 1 and 2 will then automgtiEalassigned to the
atoms (Figure 72).
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Figure 72: Second step in specifying a query tace#or reactions forming a C-C single bond

Open theAtom/Bond Queryindow by clicking on theQRY button in JME’s button bar.
Select C in theAtom/Bond Querwindow so that #6 appears in the last line (Figure 67). After
that click on both carbon atoms in order to specify open sites. @leggom/Bond Query
window (Figure 73).

Figure 73: Third step in specifying a query to sdafor reactions forming a C-C single bond

Unfortunately, it is not directly possible to specify bonds withirEJWhich should be made
or broken during a reaction. In order to bypass this limitationesiry fields are provided
that allow the assignment of bond flags to bonds of the reactimterc& hree fields are
available to speciffReactant constrainfand three fields fdProduct constraints

In theProduct Constraintsection on the right hand side of tQaery formthe atom labels "1
2" have to be entered in the first line. The attribvizke/Break bonds active by default,
when any atom numbers are specified (Figure 74).

Figure 74: Fourth step in specifying a query torséafor reactions forming a C-C single bond

Now the input of the reaction query is finished. By clicking ontoSkarchbutton in the
navigation bar of BioPatBxplore the reaction center search is initiated and after a few
seconds the histlist is shown (Figure 75).
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Figure 75: Hitlist for reactions that form a C-Qwjle bond

10.4. Searching on Enzyme Name

Searching on enzyme names is realized by an exact stritofp imaa name fragment match
(Table 19).
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Query Type Query Hitlist

enzyme name glutaminase reaction that is catalyzed by the enzyme with HC

(exact) code 3.5.1.2.

enzyme name Homocitrate synthaseeaction from 2-oxoglutarate to homocitrate (EC
code 4.1.3.21).

(exact)

enzyme name malate reactions that are catalyzed by isopropylmalate

(fragement) si/nthase, malate dehydrogenase, malate synthgse,
etc.

Table 19: Some examples for enzyme name searches

10.5. Searching on EC Numbers

Searching on enzyme numbers is also supported in the reaction modePathBxplore
Some examples are described in detail in chapter 9.7.

10.6. Searching on Data Set Records

This query is only useful if you know the data set record numbereaaion from earlier
searches. The input can be any closed range, for example 10-2Opd@ssible are open
ranges (downwards and upwards, see chapter 9.9 on page 45 for more information).

10.7. Searching on Reaction Keys

This query type is only useful if you exactly know the reactiondea chemical compound.
For example, RXN01004 will find the reaction catalyzed by phosphoserine-transamina

10.8. Searching on Pathway Names

Pathway names describe a set of reactions that belongs ttaim gathway. If the exact
pathway name is known, one can either perform an exact strinthseara name fragment
search (Table 20).
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Query Type Query Hitlist

pathway name  biosynthesis of reactions that belong to the biosynthesis of cholesterol

(fragment) cholesterol

pathway name degradation of L- reactions that belong to the degradation of L-glutarpate

(fragment) glutamate
pathway name glutamate reactions that belong to the conversions, degradajions,
(fragment) and biosynthesis of L-glutamate

Table 20: Some examples for pathway name searches

10.9. Searching on Anabolic/Catabolic reactions

Biochemical reactions can be classified into catabolic and anateaictions. In catabolic
reactions e.g. food molecules are metabolized to a series diniguiblocks. In anabolic
reactions these molecules are used to form new molecules that form the cell

Searching on a selected direction will limit the resultintg hd an anabolic or catabolic
direction.

10.10.Searching on Occurrence

Searching on occurrence is described in detail in chapter 9.191e®yirsg an occurrence all
reactions in the hitlist will be specific to this selected species.

10.11.Searching on Compartment

Searching on different compartments is described in the correspoidipgeicfor molecules
(see 9.20).
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11. Contact Information

The distribution, maintenance, and support of BioEExhloreis handled by

Molecular Networks GmbH

Dr. Christof H. Schwab

Henkestral3e 91

91052 Erlangen

Germany

Tel. +49 9131 815668

Fax +49 9131 815669

E-mail: schwab@molecular-networks.com
Web: http://www.molecular-networks.com

If you have any questions, comments or you are interested in additioranation, please
contact us.

-63 -



Index

2D Structure Gallery .........ccccceeviiiiiiinnnns 29
3D CoNnStraintS.......cvvveiiiiiiieeeiie 39
3D Pharmacophore Search...................... 38
3D SHrUCTUIe ... 31
3D Substructure Search..................... 38, 39
BioPath Database ............c........... 25, 28, 41
BioPathExplore................ 7, 26, 38, 48, 63
Browse Mode ..........ccooeeeiiiiiiiiiiiis 28
Browse Page........cccoooovieiiiiiiies 26
ComMPIEXIY ..ooeeeeeiiie e 46
CORINA. ... 41
Data Set Record.........cc.coovvvvvvinnennnn.. 45, 61
Detail Page ........cccceeeeeiiiiieieieiiieeieiiians 28, 31
Display of Conformers..............cccevvvnnnnnn. 40
Download ...........ooooiiiiiiiiiiiie e 26
EC NUmMber........coooe 44
Full Structure Search......................... 32, 36
Functional Group............. 38, 41, 46, 48, 49
Further Search Options.............cccccvvvvneeee. 37
Gross Formula.............oooeeeiene 28, 36, 44
Internet Explorer ..........ccceeeeeeeeee. 8, 16, 21
Java......cccceiiiiii, 8, 16, 21, 32, 36
JavaScript......ccoooevviiiiiiiie 8,16, 21
List Page......ccevvvvveveiiiiiieieeeeeeee, 26, 29, 35
Molecular Weight..........ccccoeeveeeeennnn. 45, 51
Molecule Editor....................... 8, 16, 21, 36
MOZIlla ..ceveviiiiiiiiiee 8

-64 -

Name Searching...........ccooeeiiiiiiiiinnninnee. 43
Navigation Bar.............c........ 26, 27, 28, 34
Negative Search..............cccooiiiiiiiiiinee, 51
NEetSCaPEe......vveeiiieeeiieeee e 16, 21
(O] 1= - T 8
Pathway Name..........ccccvvvvviiiincnnnnn. 61, 62
Precursor Search........cccccoocoen, 42
PrNT. 26
QUETY e 26
Query Form.......ccoceeevviveennnnnn. 28, 38, 48, 51
QUIL e, 26
RING COUNt.....ouviiiiiiiiiiiiiieeeeee s a7
ROTATE....ci e 41
Rule of FIVE ..., 40
SaAfali...cueiiiiiiiiiii 8
Search Type Panel ............ooooiiiiiinnnee, 34
Similarity Search ...........cviiiiiiinis 41, 42
Substructure Search. .................... 36, 48, 52
Tanimoto INdeX.......cccceevvveeiiiiiiiiiiis 41
TaUtOMErISM ... 52
Visualize ... 26
VMWATE ..o 16
Vmware Player ........cccoevvviiiiiiieeiiiinn, 16
Web Browser .......ccoccevvvvnneenn. 8, 16, 21, 25
WODCA ... 43
XAMPP LIte ..eveiiiiiieie e 8



