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1. Preface 

The study of biochemical pathways in living species is of central importance in many areas of 
application such as drug design, agrochemistry, biotechnology and metabolic engineering. 

The information on the poster Biochemical Pathways distributed by Roche has been 
converted into the BioPath database by Molecular Networks and enriched with additional 
information including pathways in individual species. Of central importance is the emphasis 
on chemical structure and reaction information in BioPath. 

All metabolites and their reactions have been stored with atomic resolution (as connection 
tables) giving access to each atom and each bond. Several important features are unique to 
this database such as complete mass balance, storage of the 3D structure of metabolites, the 
annotations of atom-to-atom mappings, and the marking of the reaction center. These 
characteristics allow highly valuable applications such as searching for enzyme inhibitors, the 
tracing of isotopic labeling, classification of enzymatic reactions and pathway searching. 

Thus, BioPath enables a broad range of applications in life sciences and related disciplines. 
The unique combination of biochemical data and chemical information on molecules and 
reactions on an atomic resolution supports scientists and engineers to gain deeper insights into 
the mechanism of enzymatic transformations and cellular regulations and their impact on 
metabolic pathways. 

BioPath is available in two different distributions. The first distribution of BioPath consists of 
the database content in structure-, reaction- and textual-based format that allows for a 
seamless integration into companies' internal IT environments, e.g., into existing knowledge 
and database management systems. 

The second distribution of BioPath, called BioPath.Explore, contains the entire contents of 
BioPath in a web-based retrieval system that has been developed by Molecular Networks. 
BioPath.Explore provides the full power of chemoinformatics search methods such as name, 
full and substructure searching, reaction and enzyme searching. Furthermore, the contents of 
BioPath.Explore are enriched with information generated by other applications of Molecular 
Networks and links to third-party bioinformatics databases can be established. 

This user manual describes the installation BioPath.Explore on different operating systems 
and the appliance of all search capabilities in order to assist scientists in investigating the 
metabolism of different organisms with as much biological and chemical information as 
possible. 
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2. Online Evaluation and Commercial Version 

2.1. Online Evaluation Version 

Version 1 of BioPath has been made publicly accessible during the internet. It consists of 
1,175 biochemical molecules, 1,545 reactions, 989 enzymes, 200 pathways, and many other 
biochemical information. The evaluation version of the BioPath.Explore 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 (5.5 or higher), Netscape (7.0 or 
higher), or Mozilla (2.0 or higher). Please make sure, that JavaScript and Java are enabled in 
the browser you are using. 

2.2. Commercial version 

Besides the free accessible online version a commercial version of BioPath is available. This 
version currently consists of 2,127 molecules and 3,024 reactions and is distributed by 
Molecular Networks. 
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3. Installation of BioPath. Explore  under Microsoft Windows 

Please read the following chapters carefully. We will now guide you through the individual 
steps of a BioPath.Explore installation on Microsoft Windows (2000/XP/Vista). Although 
BioPath.Explore is designed as client/server application it can be executed on a single 
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 7.0 or higher) or Microsoft 
Internet Explorer (version 5.5 or higher) can be used for Web access. The browsers of 
Opera (version 9.24) and Apple’s Safari (version 3 public beta) are currently not 
recommended. 

·  The execution of JavaScript code is necessary since many pages contain invisible 
functions, which, for example, checks your input for errors before it is forwarded to the 
BioPath.Explore server. 

·  The Java Runtime Environment must also be installed in order to run the molecule 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 BioPath.Explore under Microsoft Windows double-click on 
the setup icon of BioPath (Figure 1). 

 

Figure 1: The setup program of BioPath.Explore 

BioPath.Explore is a web-based application that requires a running web server. Therefore, we 
recommend downloading XAMPP Lite first from the internet (Figure 2). Click on the “Yes” 
button to download and install XAMPP Lite first (see chapter “Installation of XAMPP Lite”). 
In case you already installed XAMPP Lite on your computer, press the “No” button to 
immediately continue with the installation of BioPath.Explore (see chapter “Continue with the 
installation of BioPath.Explore”). 
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Figure 2: The installation of BioPath.Explore is interrupted by the installation of XMAPP Lite 

Installation of XAMPP Lite 

If you press the “Yes” button to bring forward the installation of XAMPP Lite a message 
window with an OK button will appear (Figure 3). Not until the successful installation of 
XAMPP Lite press the OK button to continue with the installation process of 
BioPath.Explore. 

 

Figure 3: Window to continue with the installation of BioPath.Explore after installing XAMPP Lite 

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

 

Figure 4: Part of the download page of XAMPP Lite 

Download the ZIP archive and unpack the distribution to a program directory of your choice 
(e.g. E:\; see Figure 5). However, please choose a directory name that does not contain any 
spaces or special characters (e.g., umlaut). The self-extracting archive will automatically 
generate a subdirectory named “xampplite”. Here, the XAMPP installation directory is 
E:\xampplite. 

 



- 10 - 

Figure 5: Selection of program directory of XAMPP Lite 

After extracting the XAMPP Lite distribution no further installation process is needed. 
Moreover, no installation routines described on the XAMPP webpage have to be executed in 
order to run BioPath.Explore. 

Continue with the installation of BioPath.Explore by clicking on the “OK” button of the 
window that appeared at the beginning of the XAMPP Lite installation (see Figure 2). 

 

Continue with the installation of BioPath.Explore 

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

 

 

Figure 6: Welcome screen to install BioPath.Explore 

The next window (Figure 7) will ask for the installation directory of BioPath.Explore. Select 
the same installation folder that was selected for the XAMPP Lite installation (XAMPP). 
Unless the correct installation of XAMPP Lite is selected, the “Next” button is deactivated. 
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Figure 7: Window to select the destination folder of BioPath.Explore 

After clicking on the “Next” button the Menu Folder window will appear (Figure 8). We 
recommend taking over the default directory name “Molecular Networks\BioPath.Explore”. 

 

Figure 8: Window to select the program folder of BioPath.Explore 

Click on the “Install” button to start the extraction of all files necessary to run 
BioPath.Explore (Figure 9). 
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Figure 9: Window to show the progress of the installation 

After successful installation the XAMPP Lite installation will automatically be adapted to 
your settings by keeping the “Configure XAMPP in DOS shell” activated and clicking on the 
“Finish” button (Figure 10). 

 

Figure 10: The installation of BioPath.Explore was successful 

In a newly opened DOS shell a batch file automatically executes the configuration of the 
XAMPP Lite installation. Press any key to close this window (Figure 11). 
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Figure 11: The XAMPP installation is automatically adapted via a DOS program(XAMPP version 1.6) 

If you are using XAMPP Lite version 1.7 (or higher) the messages to configure the 
installation will look like in Figure 12. In this case, select option no. 2 if the XAMPP path is 
not yet identical to your installation path or just press the ‘x’-button to finish the 
configuration. 

 

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

On your desktop you will find two new icons for starting and stopping the application 
BioPath.Explore. 

 

Figure 13: Button to start BioPath.Explore 

Press the “Start BioPath.Explore” button (Figure 13) to open the web-based application in 
Microsoft’s Internet Explorer (Figure 14). 
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Figure 14: Welcome screen of the running application 

Simultaneously, another DOS shell will appear that has to stay open (or minimized) as long as 
you are using BioPath.Explore (Figure 15). 

 

Figure 15: DOS shell that has to stay open until BioPath.Explore is running 

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

 

Figure 16: Button to stop and close the application 

For the next time you would like to run BioPath.Explore start the application again by 
clicking on the “Start BioPath.Explore” button; close it by clicking again on the button “Stop 
BioPath.Explore”. 
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On default, no modifications have to be made to the configuration file of BioPath.Explore 
located under XAMPP\cgi-bin\biopath\biopath.cfg . However, if you would like 
to modify the settings such as export functionality, display of Chinese names, etc. adapt this 
file according to chapter 5.7. Contrary to the Linux installation there 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 BioPath.Explore a message shows up telling 
that the installation might be incomplete. Usually, if no other error message occurred 
during the installation click on the entry that the program was successfully installed. 

·  If you are running an internet security program on your system a message about a 
potential dangerous application could appear when loading the website of 
BioPath.Explore. Define an exclusion for this site (e.g. by permitting the internet browser 
to start) in order to load the welcome page of BioPath.Explore. 

·  If instead of the welcome page of BioPath.Explore (see Figure 14) an error message 
shows up that the page could not be found, press the Reload button of your internet 
browser that might solve this problem. 

·  If a web server is running on your computer (such as Apache, Internet Information Server, 
or Internet Information Services) that uses port 80 the program BioPath.Explore will not 
run. Try to deactivate the running web server during the time you are executing 
BioPath.Explore. 

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

 

3.5. Uninstallation of BioPath.Explore under Window s 

Uninstall the BioPath.Explore installation by double-clicking on the button 
uninst_biopath_explore.exe in your XAMPP directory. The XAMPP Lite application can be 
completely removed by deleting all files with in the directory XAMPP. 
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4. Installation using VMware Player 

BioPath.Explore is also available as pre-installed service running within its own operating 
system. In this case you can run BioPath.Explore nearly without any configuration efforts on 
your own computer. However, the drawback of this approach is the need of powerful 
computer hardware (see next chapter). In the following the installation 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 higher) 

·  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 or higher) or Microsoft 
Internet Explorer (from version 5.5 or higher) can be used for Web access. Also newer 
releases of Mozilla and Firefox are compatible to BioPath.Explore. 

·  The execution of JavaScript code is necessary since many pages contain invisible 
functions, which, for example, checks your input for errors before it is forwarded to the 
BioPath.Explore server. 

·  Java-Applets should also be executable in order to start the integrated Java 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 of the VMware Player (version 
2.0 or higher). VMware Player is available for Microsoft Windows and x86 Linux. In the 
following the installation on a Windows computer will be shown. 

Install the software by double-clicking on the downloaded VMware Player distribution. 
During the installation you will be guided through the individual steps (Figure 17).  
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Figure 17: Window showing the successful installation of 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.exe” by double-clicking on the 
file. This is a self-extracting file that will ask for a destination folder to which the extracted 
files are saved (Figure 18).  

 

Figure 18: Window to select the destination folder of the appliance 

 

In sum the extracted files will reserve about 4 GByte of disc space, 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 5-15 minutes. 
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4.5. Installation of BioPath.Explore for VMware 

After finishing the installation open the VMware program by clicking on the program icon 
that was created at the end of the installation process. A new window will show up that will 
ask you to either open existing virtual machines or download virtual machines (Figure 19).  

 

Figure 19: Window of VMware Player to open the appliance 

Click on the button “Open” to browse your file directory tree (Figure 20). In the next window 
specify the directory and filename of the extracted BioPath.Explore file. 

 

Figure 20: Window to select the appliance of BioPath.Explore 

The system will now automatically start the pre-installed operating system and starts the 
BioPath.Explore server in the background.  
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If the program asks for creating a new identifier, check the option “Always Keep” and press 
the “OK” button (Figure 21). 

 

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

 

If the service is ready to be used, a window will show a web address (URL) you need to start 
BioPath.Explore on your host computer or any other computer that is connected to the host 
computer via LAN (Figure 22). You are now ready to start BioPath.Explore (see chapter 6). 
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Figure 22: Welcome screen of the running application as 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 mouse as long 
as you press the buttons “Crtl” and “Alt” on your keyboard simultaneously. Moreover, if your 
host computer has the focus and you would like to press a button inside of the VMware Player 
you first have set the focus to VMware by clicking anywhere in the VMware window. Now 
the player has the mouse focus and you can navigate with your mouse inside of the window, 
press buttons etc. To release the focus and give it back to the host operating system press the 
buttons “Crtl” and “Alt” on your keyboard.  

If you do not need the BioPath.Explore 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 BioPath.Explore server 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 BioPath.Explore 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 settings of the VMware Player by 
clicking on the option “Ethernet” �  “NAT”.  

 

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

 

After that, reboot the VMware Player by clicking on the “Reboot” button. Next time the 
BioPath.Explore server starts in NAT mode, i.e. the service is no longer accessible 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 guide you through the individual 
steps of a BioPath.Explore installation. 

5.1. Requirements on Client Site 

·  A standard Web browser, preferably Netscape (from version 7.0 or higher) or Microsoft 
Internet Explorer (from version 5.5 or higher) can be used for Web access. Also newer 
releases of Mozilla and Firefox are compatible to BioPath.Explore. 

·  The execution of JavaScript code is necessary since many pages contain invisible 
functions, which, for example, checks your input for errors before it is forwarded to the 
BioPath.Explore server. 

·  Java-Applets should also be executable in case you want to use the integrated Java 
molecule editor JME. If you only want to run property-based searches, you 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, SGI Irix 6.5 

·  Apache or Apache2 Web server 

5.3. Apache Configuration 

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

In the Apache configuration file httpd.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 to /srv/www/htdocs  and the CGI scripts are stored in 
/srv/www/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 as HTDOCS and CGI-BIN . Please 
substitute them by their absolute paths. 

5.4. Create Directories on Web Server 

Login as root  to your Web server computer and create the following directories (see chapter 
5.3 for further explanations): 

·  CGI-BIN /biopath  

·  CGI-BIN /biopath/tmp  
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·  HTDOCS/biopath  

5.5. Unpack BioPath.Explore Distribution 

·  Mount the BioPath.Explore CD-ROM and copy the file [CD-
ROM]/biopath/cactvstools-[OS]-
3.XXX_biopath4[customer].tar.gz to CGI-BIN /biopath/tmp  

·  Unpack the BioPath.Explore distribution in CGI-BIN/biopath/tmp by: 
gunzip cactvstools-[OS]-3.XXX_biopath4[customer].tar.gz 
       and 
tar –xvf cactvstools-[OS]-3.XXX_biopath4[customer].tar  

5.6. 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 'cactvs'. Where do you want me 
  to put the libraries ? [/usr/local/lib] 
A: CGI-BIN /biopath  

·  Q: Is this a WWW CGI installation ? [n] 
A: y 

·  Q: What is your local URN namespace ? [.local] 
A: <Enter> 

·  Q: Where do you want me to put the start scripts ? [CGI-BIN/biopath ] 
A: CGI-BIN /biopath  

·  Q: I need a place to copy all HTML files for the database. Where do you want me to put 
these files ? [/usr/local/httpd/htdocs/biopath] 
A: HTDOCS/biopath  

·  Now the following message should be displayed: 
Cleaning up... 
Test run of basic scriptless interpreter... 
*** 
Hello! I am the CACTVS interpreter version 3.XXX 
License timeout: none 
*** 
Q: Remove tar source file ? [n] 
A: n 

In case that you do not see the "Hello! I am the …" message please do not proceed with the 
installation and contact Molecular Networks GmbH for further support (support@mol-
net.com). 



- 23 - 

5.7. Adapt the Installation 

·  Go to the directory CGI-BIN/biopath and edit the file biopath.cfg with a 
normal text editor. 

·  The variables for WWWDIR_LOCAL, HTMLDIR, CGIDIR , SERVERIP, and 
HOSTNAME have to be adapted to your current Web server settings. The setting of the 
following variables is depending on the environment in which BioPath.Explore is 
installed. EXPORT, EXPASY_LINK, BRENDA_LINK, LIGANDPDB_LINK, 
BioXM_LINK  can be either set to 1 or 0. If you do not know what to set, just keep the 
default entries. 
WWWDIR_LOCAL Absolute path to the document root directory on the Web server 
     (should match with the entry "DocumentRoot" in the 
     configuration file) 
HTMLDIR  Name of the directory, in which the HTML files of  
     BioPath.Explore were installed 
CGIDIR   Relative path to server script directory (should match with the  
     entry in the web server configuration file) 
SERVERIP  IP address of the Web server 
HOSTNAME  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). 
EXPORT    Active structure and reaction export functionality by setting  
     the variable to “1”, deactivated by “0” 
EXPASY_LINK  Activate / Deactivate links to ExPASy server (in Detail Page) 
BRENDA_LINK  Activate / Deactivate links to Brenda server (in Detail Page) 
LIGANDPDB_LINK Activate / Deactivate links to LigandPDB database 
LIGANDPDB_CGI Relative path to server script file executing requests to  
     LigandPDB database 
BIORS_LINK  Activate / Deactivate links to BioRS server (in Detail Page) 
BIORS_CGI  Relative or absolute path to executable server script of BioRS 
PATHMINER_LINK Activate / Deactivate links to PathMiner server (in Detail Page) 
PATHMINER_CGI Relative or absolute path to executable server script of  
     PathMiner 
BIOXM_LINK  Active / Deactivate links to BioXM server (in Detail Page) 
BIOXM_CGI_REPORT Relative or absolute path to executable server script of BioXM 
     report pages 
BIOXM_CGI_REVIEW Relative or absolute path to executable server script of BioXM
     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 password should be 
reported 
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REPORTEMAILADDRESS Specify the email address of the persons that tracks the 
exports processes 

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

·  After these modifications run the script CGI-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 execute all files in CGI-
BIN/biopath  

5.8. Test the Installation 

Open an internet browser with activated Java and JavaScript, then open the following URL: 
http://<HOSTNAME>/<HTMLDIR> (<HOSTNAME> and <HTMLDIR> are identical to the 
settings in the file biopath.cfg ). 
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6. Start 

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

 

Figure 24: Initial screen of BioPath.Explore - The Query form 

Minor variations of the appearance depend on the computer type, the Web browser, and the 
contents of the BioPath database. These variations are normal and are no cause for alarm. 

All of the red text, and this is relevant for the entire system, are hypertext links. They direct 
you to other Web pages of the BioPath.Explore system. 
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7. Navigation Model 

BioPath.Explore provides on top of the screen a navigation button bar (see Figure 25), that 
enables an easy switch over between different windows and operation modes. The dropdown 
menu Molecules and Reactions allows switching between the molecule and reaction database. 
The buttons Query, Search, Browse, Download, Visualize, Print, and Quit are assigned to 
specific tasks and grouped into a logical order. At the beginning of a BioPath.Explore session, 
the button Query is pressed whereas the buttons Browse, Download, Visualize, and Print are 
inactive. The only button which can be pressed so far is the Search button (and of course the 
Quit button). 

 

Figure 25: Button bar for the navigation between different windows 

The system is designed to switch easily between several operation modes. The normal 
workflow goes from the Query form via the Search button to the Hitlist page (see Figure 26). 

 

Figure 26: Button bar after a search has been performed 

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

8.1. Introduction 

All searches for compounds and reactions are started from the query form. This form is 
automatically opened at the beginning of a BioPath.Explore session or if the button Query in 
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 side you can find all window 
elements for a structure-based search, e.g. the molecule editor for drawing a query structure 
and beneath the buttons for the specification of a search type. On the right-hand side all 
window elements for the definition of a property-based search are located. There are mainly 
entry fields in which numerical values can be entered. The fields are divided into basic and 
advanced search methods. You can switch between both tabs by clicking on the titles Basic 
Search and Advanced Search. Every input row in both tabs of the query form consists of a 
field description, a checkbox for negation, and a data field.  

The query types Functional Groups, Occurrence, and Compartment open up an additional list 
of predefined entries, which offer more search options (see chapter 9.16 on page 47 for 
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functional group searches). You can get assistance to specific entry elements by clicking onto 
the corresponding question mark . 

The Search button of the navigation bar at the very top of the screen is used to start a search 
for the query structure and/or the data entered into the Query form. In general, 
BioPath.Explore allows the combination of structure- and property-based search methods in 
one query. Just draw a chemical compound or substructure in the molecule editor on the left-
hand side of the Query form 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 gross formula search. Please, enter into 
the data field Formula of the Query form the text C3O3H6. Deselect the option allow extra 
elements and press the Search button in the navigation bar in order to find structural isomers 
of carbohydrates with the formula [C(H2O)]3 (see Figure 28). 

 

Figure 28: Formula search for carbohydrates with three carbon atoms 

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

 

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

To obtain additional information for each compound, e.g. physicochemical properties, please 
click on the corresponding data record number in the left column labeled with Record. The 
display is then automatically switched to Browse mode and each compound is displayed with 
its full information (Figure 30). 
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Figure 30: BioPath.Explore’s detail page for l-lactate 

Some queries may result in unexpectedly many hits. Therefore we have deliberately 
renounced the usage of molecule pictures on the List page. Some hundreds of pictures can 
have an enormous impact on your computer capacity. In case you still want to see the 
overview chart with all the pictures, please choose the option Visualize and switch to a 2D 
Structure Gallery (Figure 31). 

 

Figure 31: Generation of a 2D structure gallery 

Then the BioPath.Explore Image Gallery Page is displayed which contains chemical 
structures and some basic information for each record (Figure 32). 
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Figure 32: Image gallery page 

From this window you can again switch to the detailed view of the Browse mode. This can be 
done either by clicking onto the red hyperlinked Record number which is displayed for each 
record (Figure 32) or by clicking onto the Browse button of the navigation bar. Depending on 
the availability of physicochemical properties, the detailed view can turn out to be more or 
less voluminous (Figure 33). 
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Figure 33: Detail page of 3-hydroxy-propionate 

On the Detail Page you 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 and out (Figure 
34). The 3D structure is generated by CORINA which can be optionally bundled to 
BioPath.Explore. 
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Figure 34: Interactive 3D model of a chemical compound displayed in BioPath.Explore 

8.3. Usage of the Molecule Editor for Structure Sea rches 

From all structural search methods, the easiest one is the gross formula search. However, it is 
also the least precise search method. If you are, for example, only interested in glutamate and 
not in its isomers, you can make the search easier by carrying out a full structure search. The 
most straightforward way is to draw the query structure by means of the built-in Java 
molecule editor. 

The chemical structure of glutamate is quickly drawn. Please, click onto 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 number at the lower left 
corner of Figure 35). 

 

Figure 35: Drawing of a carbon chain 

Next, please activate the drawing mode for single bonds by pressing the  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 order to do this 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 (Figure 37). 

 

 

Figure 37: Drawing of the substitution pattern 

You can see that the substituents are still carbon atoms, but atoms can be redefined by 
selecting another element on the element bar and then by clicking onto the atoms that need to 
be changed. In our case we select the nitrogen atom from the element bar  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 search type has to be specified in the 
search type panel, which is located below the molecule editor in the Query form (see Figure 
27 on page 27 and Figure 40). 

 

Figure 40: Structure search type panel 

The search type Exact has to be selected for a full structure search. Other options in the search 
type panel are Substructure, Similarity, and Precursors which will be explained in chapter 9. 
The Search button in BioPath.Explore’s navigation bar has to be pressed in order to start the 
desired structure search (Figure 41). 
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Figure 41: BioPath.Explore's navigation button bar 

The result of a structure search will then be presented on the List page. 
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9. Extensive Search Possibilities 

The database offers extensive search capabilities which essentially go beyond the simple 
examples of a gross formula and a full structure search. Here you will find additional 
information for the different search possibilities. 

9.1. General Remarks 

Usually, the query structure for structure searches will be drawn with the Java molecule 
editor. Hydrogen atoms need not to be specified since they will automatically be completed. 
Full structure and substructure searches are stereospecific. In case that a query compound 
contains chiral centers, only those hits are found which correspond to the stereochemistry of 
the query compound. 

If open sites are to be defined in the query structure, a substructure search should be initiated. 
If additional characteristics, like formal atom charges or isotope markings should be 
considered, it is also necessary to carry out a substructure search. 

9.2. Substructure Searches 

BioPath.Explore contains a high performance substructure search system with which you can 
search for embedded fragments in all available molecules. In principal, a substructure search 
can replace any full structure search. Full structure searches are, however, much faster than 
substructure searches. An essential difference between substructure searches and full structure 
searches is, that hydrogen atoms are not automatically added to the query structure. All 
valences that are not explicitly specified are considered to be open. Thus, any atom can be 
connected. 

In most cases simple substructure queries are sufficient to perform a substructure search. The 
search system, however, also supports more sophisticated search queries, in which the 
character of atoms and bonds can be specified more precisely. Such additional query features 
are, for example, statements concerning valence, number of neighbors, memberships in rings, 
or aromaticity. These query features are accessible within the integrated Java molecule editor. 
By pressing the QRY button a pop-up panel is opened (see Figure 42), in which additional 
attributes can be assigned to atoms and bonds of the query structure. Select the desired 
attributes on the panel and click onto those atoms or bonds to which the query features shall 
be applied. 
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Figure 42: Attribute window of the Java editor for extended query features 

Further search options can be specified in the lower part of the Query form below the search 
type panel (Figure 43). 

 

Figure 43: Additional search options for substructure searches 

·  Ring bonds can also be aromatic: Usually, aromatic bonds in hits can be mapped to single 
bonds as well as to double bonds of the query structure. If it is needed that saturated ring 
systems should also match aromatic bonds, this setting should be activated. 

In Table 1 some examples for substructure searches with the corresponding queries are given. 

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 searches with and without stereo centers 

 

9.3. 3D Substructure Searches 

BioPath.Explore also supports 3D substructure searches, that are particularly used for finding 
structures with a certain spatial arrangement of functional groups which follows a known 
pharmacophore model. 

A simple 3D substructure search will be demonstrated here. In order to formulate the query, 
the molecule editor of the Query form has to be used. In our example we will follow the 3-
point pharmacophore model for antiarrythmic agents. The pharmacophoric groups are a 
phenyl ring, a tertiary amine, and a carbonyl group. Therefore, we draw these groups within 
the molecule editor one after another. Between each drawing the New button 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 pharmacophore, we have to label one specific 
atom in each pharmacophoric group which interacts with the ligand. For the phenyl group we 
select a carbon atom of the ring, for the tertiary amine we choose the nitrogen atom, and for 
the carbonyl group the oxygen is selected. The labeling itself can be performed by pressing 
the label button 123 and by clicking on each of the atoms listed before (Figure 45). 
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Figure 45: Atom labeling for pharmacophoric groups 

Now, internal distances for the selected atoms have to be defined in the Query form of 
BioPath.Explore. This can be done by switching to the Advanced Search tab, opening the 3D 
Constraints and entering the atom labels and a value range for the distance in Angstrom. In 
our example the distances between atom 1 and 2 shall be from 4 to 6 Å, between atom 2 and 3 
from 6 to 8 Å, and between atom 1 and 3 from 4.4 to 6 Å. Atom labels have to be separated 
by blanks, distances can be entered either as numeric value or as range (Figure 46). 

 

Figure 46: Definition of 3D constraints 

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

The 3D substructure search can now be started by setting the search type to Substructure and 
pressing the Search button in BioPath.Explore’s navigation bar (see Figure 41 on page 35). In 
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order to speed up the 3D substructure search we recommend the combination with 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 search. Pharmacophoric groups are colored in red 

In order to display all conformers that are stored in the database for this specific record, one 
can set the Visualization format to Display Conformers and press the Display button. A 
selection of conformers for the current record is shown in Figure 49. Since each conformer is 
visualized by a Java applet, the molecular structures can be rotated, zoomed, and displayed in 
different styles. 



- 41 - 

 

Figure 49: Selection of diverse conformers for the selected record 

The generation of 3D structures is handled by the CORINA program. Diverse sets of 
conformers are generated by the ROTATE program. The storage of 3D structures and 
conformers in the BioPath.Explore database is an optional feature and therefore not included 
in the BioPath.Explore standard package. 

9.4. Similarity Searches 

In some cases it is useful not to look for completely identical compounds in the 
BioPath.Explore database, but to search for molecules that have a similar pattern of functional 
groups, which may vary in their arrangement. 

Hits of a similarity search that are highly similar compared to a query structure do not only 
have similar functional groups, but also similar sizes. Furthermore, there are seldom any 
additional functional groups present in the compounds found in the database. The number of 
hits can be regulated by the minimum value of similarity by using the 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 

Range 

Number 

of Hits 

Example Hits 

> 98 % 2 

   

> 95 % 5 

    

> 92 % 8 

   

Table 2: Examples for similarity searches 

9.5. Precursor Searches  

Another search type provided by BioPath.Explore is the so-called precursor search. For some 
operational areas, e.g. in synthesis, it is less important if a ethyl ester or a methyl ester of a 
substance is needed, or if a secondary alcohol or a ketone of a given building block is 
available – both compounds can be easily converted into each other. However, a simple 
solution to this kind of query are precursor searches. By selecting this search type another 
panel is displayed (see Figure 50). 

 

Figure 50: Options for precursor searches (default settings are shown) 

In this panel you can determine how to systematically generalize hits in three steps 
concerning the Backbone, the Substituents, and further Processing steps which will be applied 
to the catalog compounds. First you define what the scaffold of the compounds should be. 
This could be, for example, the aromatic ring system including the entire carbon skeleton. The 
substituents that are connected to this scaffold can either be removed completely, kept as a 
single atom or considered as an abstract substituent without specific element type definition. 
Furthermore, potential hits of this search can undergo a generalized oxidation procedure. 
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Usually, the default settings of the panel shown in Figure 50 give good results for most 
queries. Some sample hits for a precursor search are given in Table 3. 

Query Panel 

Settings 

Number 

of Hits 

Example Hits 

 

Default 10 

       

Table 3: Example for a precursor search 

This conceptual new search method is a valuable instrument particularly for the planning of 
synthesis (we may inform you that precursor searches are also part of the program system 
WODCA which is specially designed for the interactive, retrosynthetic 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 without any structural data - like in the 
case of agar. Several versions of name queries exist. They are: Exact, Exact (only letters), 
Fragment, Fragment (only letters), Fragment (only letters), Shell match, and SYSV regular 
expression. All queries allow upper and lower case notation. 

The versions Shell match syntax and SYSV regular expression come from the Unix world and 
work exactly as the file system wildcards in a bourne shell, respectively allow the use of full 
system V regular terms, including alternative branches. For these queries also the symbols ‘*’ 
(none, one or more desirable character), ‘?’ (exactly one desired character) 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 
syntax 

glu* glutarate 
glutaryl-coenzym A 

Table 4: Some examples for name searches 

9.7. EC Number 

EC numbers (Enzyme Commission numbers) are a numerical classification scheme for 
enzymes, based on the biochemical reactions they catalyze. The system is 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 3.1.3.4) 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 3.1.3.3 3.1.3.4 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 differ in allowing or not allowing 
elements that are not included in the given formula. In order to define a gross formula search 
enter the molecular formula successively in any desirable sequence without any space 
character. An element symbol has to start with a capital letter and is continued with a lower-
case letter in case that the element symbol is formed by two letters. This is necessary to 
distinguish between CS gas (one carbon, one sulphur) and the element Cs (caesium). If an 
element symbol is not followed by a number, it will be considered as a single element. The 
number of elements can be defined as a single number, as an open range (downwards or 
upwards), or as a closed range. Sometimes it can be useful to use the number 0 to indicate that 
a certain element must not be contained in the hits. The query C3-4O3S-1N0 searches for 
compounds with three to four carbon atoms, three oxygen atoms, at least one sulphur atom 
and without any nitrogen atom. Also sums or differences can be included in a gross formula: 
If one is interested in molecules having in sum two halogen atoms - whereby each 
combination of halogens are permitted - the query should contain (F+Cl+Br+I)2. On the other 
hand it is also possible to appoint differences of atoms to, for example, find all molecules in 
the database which contain six carbon atoms and where the number of oxygen atoms are two 
lesser than the number of nitrogen atoms. In this case the formula would be: C6(N-O)2 (Table 
6). 

Query Type Query Remarks Hit List 

no additional 
elements allowed 

C3O3H6 Precisely three carbon 
atoms, three oxygen atoms 
and six hydrogen atoms 

D-glyceraldehyde, L-lactate, 
D-lactate, 3-hydroxy-
propionate 

additional 
elements allowed 

C3O3 Precisely three carbon 
atoms and three oxygen 
atoms and further elements 

D-glyceraldehyde, pyruvate, 
L-serine, lactate, 3-
mercapto-pyruvate 

additional 
elements allowed 

C5-6O5-6 Five to six carbon atoms, 
five to six oxygen atoms 

D-glucose, D-fructose, L-
ribulose, myo-inositol 
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Query Type Query Remarks Hit List 

and further elements 

additional 
elements allowed 

(F+Cl+Br+I)2 Precisely two halogens and 
further elements 

diiodo-L-tyrosine, 3,3’-
diiodothyronine 

additional 
elements allowed 

C6(N-O)2 Precisely six carbon atoms 
and two more nitrogen 
atoms than oxygen atoms 

L-histidinol, L-arginine 

Table 6: Examples for gross formula searches 

9.9. Molecular Weight Searches 

The query for the molecular weight only needs a brief remark. Floating point numbers like the 
molecular weight are checked for identity integrally rounded (but only there and not in the 
range searches), so that the molecular weight does not have to be specified with a decimal 
place (Table 7). 

Query Type Query Remarks Example Hits 

Molecular weight 
(range or number) 

46 Molecules with a rounded 
molecular weight of 46 
g/mol 

ethanol C2H6O (46.07),  
formate CH2O2 (46.03) 

Molecular weight 
(range or number) 

155-160 Molecules with a rounded 
molecular weight of 155 
to 160 g/mol 

orotate C5H4N2O4 (156.10) 
allantoin C4H6N4O3 
(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 number of a compound from earlier 
searches. The input can be any closed range, for example 10-20. Also open ranges are 
possible. Several of these ranges or single data set record numbers are allowed to 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) 1 20-23 data set number #1, #20, 
#21, #22, #23 

1, 20, 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 record number 

9.11. Complexity 

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

Query Type Query Remarks Example Hits 

complexity 
(range or number) 

-40 molecules with a complexity up 
to 40 

1,2-propanediol, 
ethanolamine 

complexity (range 
or number) 

1000-1200 molecules with a complexity 
from 1000 to 1200  

NAD, Ubiquinone 

Table 9: Examples for structural complexity 

9.12. Atom Count Searches 

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

Query Type Query Remarks Hit List 

atom count 
(range or number) 

23 molecules with a total of 23 
atoms (incl. H-atoms) 

ribose-1-phosphate, 
agmatine 

atom count 
(range or number) 

90-95 molecules with a total of 90 
to 95 atoms (incl. H-atoms) 

2-polyprenylphenol, 
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 the so called ESSSR rings is 
counted. These are all rings that include a sequence of three ring atoms that are not contained 
in another ring. For biphenyl the counter is two, but for naphthaline it is three, because the 
covering ten-membered ring is counted, too. A three atomic sequence that runs over a bridged 
atom from one ring into another, is not included in one of the two elementary six rings (Table 
11). 
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Query Type Query Remarks Hit List 

ring count 
(range or number) 

2 molecules with two rings alpha-carotene, 
menaquinol 

ring count 
(range or number) 

3 5 molecules with either three 
or five rings 

adenosine-5’-
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 donors, the binding 
partners of the hydrogen atoms are counted and not the actual active hydrogen atoms, so that a 
primary amino group only counts as one donor (Table 12). 

Query Type Query Remarks Hit List 

H-donors 
(range or number) 

5 molecules with five 
hydrogen donor groups 

beta-D-fructose, l-
arginine 

H-acceptors (range 
or number) 

3-5 molecules with 3 to five 
hydrogen acceptor 
groups 

(R)-mevalonate, (S)-
malate 

Table 12: Examples for hydrogen bond queries 

9.15. Rotatable Bonds 

For rotatable bonds only those bonds are counted that can rotate freely (no ring bonds, no 
amide single bonds) and for which the rotation has a stereoscopic effect (therefore no bonds to 
methyl groups). As well as by the hydrogen bond donors and acceptors this deals with a 
heuristic estimation, not an exact rotation modeling (Table 13). 

Query Type Query Remarks Hit List 

Rotatable bonds 
(range or number) 

1 Molecules with exactly 
one rotatable bond 

Propanonate, 
Aminoacrylate 

Rotatable bonds 
(range or number) 

5-6 Molecules with five to 
six rotatable bonds 

(R)-Pantothenol, D-
Gluconate 

Table 13: Examples for rotatable bond queries 

9.16. XLogP 

XLogP is one approach for calculating the logP, the octanol/water partition coefficients of 
organic compounds. The detailed algorithm has been described by Wang et al. (R. Wang, Y. 
Fu, L. Lai J. Chem. Inf. Comput. Sci., 39, 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 
number) 

2-3 molecules with a logP 
value between 2 and 3 

estriol, cholate, 
juvenile hormone III 

Table 14: Examples for XLogP queries 

9.17. Reaction Hubs 

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

Query Type Query Remarks Hit List 

reaction hub 
(range or number) 

700- Molecules having a 
reaction hub of at least 
700 

proton 

Table 15: Examples for reaction hubs queries 

9.18. Functional Groups 

In some cases chemists are interested in compounds that can roughly be described as 
aldehydes without any carboxyl group. In principal such a search is possible by substructure 
searches, but unnecessarily complicated. For this kind of searching BioPath.Explore offers a 
simple and fast method. 

By pressing the button  in the Query form of the entry Functional groups a list of groups 
will open (Figure 51). In this panel many common functional groups are predefined and can 
be specified by adapting the amount of their occurrence in the desired compounds. The 
predefined range for each functional group goes from 0 to 99. 
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Figure 51: Window for functional group specifications 

The following functional groups are searchable: Acid, acid halide, aldehyde, ketone, amine, 
prim. amine, sec. amine, tertiary amine, quart. amine, amide, ester, alcohol, phenol, thiol, 
thiophenol, ether, thioether, enole, epoxide, lactone, oxime, nitro, acid anhydride, cyanide, 
sulphonic acid, phosphate, aliphatic halide, aromatic halide, aromatic nitrogen atom, aromatic 
sulphur atom, aromatic oxygen atom, CC-double bond, CC-triple bond. 

Enter the desired range for all interesting functional groups. Some examples on functional 
group searches are demonstrated in Table 16. 

Query Type Remarks Hit List 

carboxylic acid (-COOH): 0 0 

aldehyde (-CHO):  1 1 

molecules with one 
aldehyde group, but no 
carboxylic acid groups  

all-trans-retinal,  
5-hydroxyindole-
acetaldehyde 

carboxylic acid (-COOH): 1 1 

amine (-NRx):   2 3 

exactly one acid group and 
two to three amino groups 

L-ornithine, L-
tryptophane 

Table 16: Examples for functional group searches 

9.19. Occurrence 

Here the organism in which the molecule or reaction should occur can be specified, such as 
General Pathway, in Prokarya, in Plants and Yeasts, or in 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 synthesized by animals. Searching for 
tryptophane will give you some hits, but combining this search with a given occurrence in 
animals will give no hits (Table 17). 

Query Type Remarks Hit List 

name (name fragment): trypto 
occurrence: all species (default) 

search for molecules with 
name fragment “trypto” 

L-tryptophane 

name (name fragment): trypto 
occurrence: in animals 

search for molecules with 
name fragment “trypto” 
only in species “animals” 

no hit 

Table 17: Examples for occurrence searches 

9.20. Compartment 

Here the location in which the molecule or reaction should occur can be specified, such as 
Cytosol, Chloroplasts, Mitochondria, Endoplasmatic reticulum, Peroxysomes, Endothelium of 
blood vessels, Vascular muscle cell, Animal extracellular matrix, Nucleus, Animal cell 
membran, Plant Cell Wall. Please, use the separate panel for the desired selection by clicking 
on the -button (Figure 53) in the Compartment line. 

 

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 
compartment: all (default) 

search for molecules with 
name fragment “trypto” 

L-tryptophane, 
5-hydroxytryptophane 

name (name fragment): trypto 
occurrence: animal cell membran 

search for molecules with 
name fragment “Trypto” 
only in “animals cell 
membrans” 

no hit 

Table 18: Examples for compartment searches 

9.21. Negative Searches 

On all entry rows in the Query form there is a checkbox between the search criterion and the 
associated data field which is labeled with not. 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 weight which is not in the range 
from 0 to 500 g/mol will fulfill the search criteria. Negate searches on its own are relatively 
useless. In combination with one or more positive criteria they are, however, 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 of the Query form contains 
another row of switches which globally affects the processing of requests (see Figure 55). 

 

Figure 55: Lower window area of the query form 

·  Connect criteria by logical: In this row you can specify how the several search fields 
should be linked, in case you use more search fields at the same time in one request. A 
typical example in which two search criteria should be combined by AND, is a search for 
compounds that contain a certain substructure and their molecular weight does not exceed 
a certain limit. If you want to look for two alternatives at the same time, just enter the two 
admissible possibilities into two fields and set the linking mode onto OR. The third 
version XOR allows the search for compounds that fulfill one of two criteria, but not both. 
This option is rather made for specialists. Which field you use for which purpose is 
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indifferent. The search system sorts out the sequence of the part requests to efficiency 
criteria each time new anyway. 

·  Maximal hits: Here you can specify the maximum number of hits in any search. As a 
default you will get maximal 100 hits. Typical numeric or text orientated queries need 
only a few seconds. 

·  Query Timeout: More complex substructure searches, especially in combination with 3D 
searches, can, however, take considerably more time. In case you need a temporary 
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 the Query form in reaction mode. The default 
mode Molecules can be switched to the reaction mode by choosing Reaction from the pull 
down menu on the top left-hand corner (Figure 27 and Figure 56). 

 

Figure 56: Query form of BioPath.Explore is set to reaction mode 

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

 

Figure 57: Query form of BioPath.Explore for reaction searches 

10.2. Reaction Substructure Search 

In the following section a detailed introduction is given how to search for biochemical 
pathways that includes a specific reaction step: The reduction of a carbonyl group to an 



- 54 - 

alcohol group (Figure 58). This kind of application can be achieved by carrying out a reaction 
substructure search within BioPath.Explore’s reaction database. 

 

 

Figure 58: Reduction of a carbonyl group to an alcohol group 

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

 

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

A label can be assigned to the oxygen atom by clicking on the "123" button in the button bar 
of JME (Figure 60). 

 

Figure 60: Button in JME to set atom-atom mapping numbers 

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

 

Figure 61: Second step in the query definition to search for reduction reactions 

Now, the reactant molecule fragment is copied to the product side of the reaction 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 to the product side 

 

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

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

 

Figure 64: Fourth step in the query definition to search for reduction reactions 

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

 

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

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

 

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

In order to specify open sites on the carbon atoms on the reactant and product side of the 
reaction, the Atom/Bond Query window has to be opened by clicking on the QRY button in 
the button bar of JME. C has to be chosen so that #6 appears in the last line of the 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 molecule fragments the open 
sites are assigned (Figure 68).  

 

Figure 68: Final query to search for reduction reactions 

Now the input of the reaction query is finished. By clicking onto the Search button in the 
navigation bar of BioPath.Explore, 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 into Browse mode, 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 retrieve reactions with a specific number 
of bonds that are broken or formed. In this section it is shown how to retrieve all biochemical 
pathways that includes reactions in which a carbon-carbon single bond is formed on the 
product side. 

The query definition is started by drawing a C-C bond on the product side of JME (Figure 
71). 

 

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

Both carbon atoms need to be labeled by clicking on the 123 button in the button bar of JME 
and clicking on both atoms. The numbers 1 and 2 will then automatically be assigned to the 
atoms (Figure 72). 
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Figure 72: Second step in specifying a query to search for reactions forming a C-C single bond 

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

 

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

Unfortunately, it is not directly possible to specify bonds within JME which should be made 
or broken during a reaction. In order to bypass this limitation, six entry fields are provided 
that allow the assignment of bond flags to bonds of the reaction center. Three fields are 
available to specify Reactant constraints, and three fields for Product constraints. 

In the Product Constraints section on the right hand side of the Query form the atom labels "1 
2" have to be entered in the first line. The attribute Make/Break bond is active by default, 
when any atom numbers are specified (Figure 74). 

 

Figure 74: Fourth step in specifying a query to search for reactions forming a C-C single bond 

Now the input of the reaction query is finished. By clicking onto the Search button in the 
navigation bar of BioPath.Explore, 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-C single bond 

10.4. Searching on Enzyme Name 

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

enzyme name 

(exact) 

glutaminase reaction that is catalyzed by the enzyme with EC 
code 3.5.1.2. 

enzyme name 

(exact) 

Homocitrate_synthase reaction from 2-oxoglutarate to homocitrate (EC 
code 4.1.3.21). 

enzyme name 

(fragement) 

malate reactions that are catalyzed by isopropylmalate 
synthase, malate dehydrogenase, malate synthase, 
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 mode of BioPath.Explore. 
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 number of a reaction from earlier 
searches. The input can be any closed range, for example 10-20. Also possible 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 reaction key of a chemical compound. 
For example, RXN01004 will find the reaction catalyzed by phosphoserine-transaminase. 

10.8. Searching on Pathway Names 

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

pathway name 

(fragment) 

biosynthesis of 
cholesterol 

reactions that belong to the biosynthesis of cholesterol 

pathway name 

(fragment) 

degradation of L-
glutamate 

reactions that belong to the degradation of L-glutamate 

pathway name 

(fragment) 

glutamate reactions that belong to the conversions, degradations, 
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 anabolic reactions. In catabolic 
reactions e.g. food molecules are metabolized to a series of building blocks. In anabolic 
reactions these molecules are used to form new molecules that form the cell. 

Searching on a selected direction will limit the resulting hits to an anabolic or catabolic 
direction. 

10.10. Searching on Occurrence 

Searching on occurrence is described in detail in chapter 9.19. By selecting 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 corresponding chapter for molecules 
(see 9.20). 
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11. Contact Information 

The distribution, maintenance, and support of BioPath.Explore is handled by  

Molecular Networks GmbH 
Dr. Christof H. Schwab 
Henkestraße 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 additional information, please 
contact us. 
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