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This protocol allows the use of therapeutic compounds of both phytochemical and synthetic
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SUMMARY

Polypharmacology aids in the identification of multiple protein targets involved
in disease pathology and selecting appropriate therapeutic compounds interact-
ing with protein targets. Here, we present a protocol to identify the targets
involved in obesity-linked diabetes and suitable phytocompounds to bind with
the identified target. We describe steps to install and use softwares for identi-
fying several protein targets by linking multiple diseases. This protocol allows
the use of therapeutic compounds of both phytochemical and synthetic origins.
For complete details on the use and execution of this protocol, please refer to
Martiz et al.,1 and Maradesha et al.2

BEFORE YOU BEGIN

In this protocol, we detail the process of obtaining a high-confidence target protein and a suitable

therapeutic compound to bind to the identified protein target. We choose 2 lifestyle-based disor-

ders that are closely linked – obesity and diabetes, treatment by the phytochemicals of the Camellia

sinensis plant.

1. Initially, obtain the phytochemicals from IMPPAT website, download the structures in 3D SDF

format and subject to ADMET analysis using ADMETlab 2.0 software.

2. Further, the identification of protein targets of the phytochemicals using SWISS target prediction,

enlisting genes relating to disease using DisGeNET database.

3. Subsequently, construction of CTD network using Cytoscape 3.9.1 displaying intersecting genes

and PPI network construction using STRING database.

4. Further, import PPI network from STRING database, visualize, and identify final target gene of in-

terest using Cytoscape.

5. Identify final protein target, retrieve from the RCSB PDB database, Model verification using Swiss

PDB Viewer, retrieval of phytocompounds from PubChem.

However, one can choose multiple diseases/disorders and can perform target identification.

Regardless of their origin, synthesized, semi-synthesized, and natural compounds can also be

used to find the best therapeutic compound using this protocol. The purpose of this protocol is

to identify common target/s related to multiple health aberrations, which can be bound with the
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best suitable chemical compounds to interact. This is a complete in silico protocol and needs to be

done using a laptop/PC with good configurations.

Hardware and software applications

This in silico pipeline is designed to be run onWindows OS. Basic requirements: Authentic Windows

OS 7, 8, 10, 11 with 4GB of RAM and 512GB of ROM. Advanced requirements:Windows 64-bit 10 or

11 with 16 GB of RAM and 1 TB of ROM. Cytoscape version 3.9.1 is essential, Download Swiss PDB

viewer using the website mentioned in the key resources table. Use ADMETlab 2.0 web tool for

ADMET. For gene data retrieving and construction of PPI network, use DisGeNET, Gene Cards

and STRING web tools respectively. To get the compound structure in SMILES format, use

PubChem database. To construct Venn diagrams Bioinformatics & Evolutionary Genomics use

Venny web tools.

KEY RESOURCES TABLE

STEP-BY-STEP METHOD DETAILS

Part 1. Download and install Cytoscape and Swiss PDB viewer softwares

Timing: 2 h

This section accomplishes the procedure for downloading and installing both Cytoscape and Swiss

PDB viewer softwares.

Cytoscape is an open-source software platform for visualizing molecular interaction networks and

biological pathways and fusing these networks with annotations, gene expression profiles, and other

state data.

1. Download it for free using this link (https://cytoscape.org/download.html).

REAGENT or RESOURCE SOURCE IDENTIFIER

Software and algorithms

Cytoscape Cytoscape Team https://cytoscape.org/
development_team.html

SWISS PDB Viewer SIB Swiss Institute
of Bioinformatics

https://spdbv.unil.ch/refs.html

Other

DisGenNET Integrative Biomedical
Informatics Group

https://www.disgenet.org/

GeneCards GeneCards Suit Project https://www.genecards.org

ADMETlab 2.0 CBDD Team, Central
South University, China

https://admetmesh.scbdd.com/

PubChem National Center for Biotechnology
Information (NCBI)

https://pubchem.ncbi.nlm.nih.gov/

Venny Juan Carlos Oliveros,
Spanish National Biotechnology
Centre (CNB-CSIC)

https://bioinfogp.cnb.csic.
es/tools/venny/

Windows 11 64-bit, 11th Gen
Intel(R) Core (TM) i7-1165G7
@ 2.80GHz 2.80 GHz, 16 GB,
RAM, 512 GB ROM.

– –

IMPPAT Institute of Mathematical
Sciences, Chennai

https://cb.imsc.res.in/imppat/

Swiss Target Prediction SIB Swiss Institute
of Bioinformatics

http://www.swisstargetprediction.ch/
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2. Cytoscape is a Java application verified to run on the Linux, Windows, and Mac OS X platforms.

Although not officially supported, other UNIX platforms such as Solaris or FreeBSDmay run Cyto-

scape if Java version 8 is available for the platform.

Note: Cytoscape requires Java 11. We recommend running the latest version of Cytoscape

(v 3.9.1) with a 64-bit Java Runtime Environment (JRE) such as OpenJDK 11.

3. Install Cytoscape.

a. Downloading and Installing.

There are several options for downloading and installing Cytoscape. Refer to the download

page at the http://cytoscape.orgwebsite for all options.

i. Automatic installation packages exist for Windows, Mac OS X, and Linux platforms – best

for most users.

ii. User can install Cytoscape from a compressed archive distribution.

iii. User can build Cytoscape from the source code. You can check out the latest and greatest

software from our Git repository (https://github.com/cytoscape/cytoscape). Figure 1 ex-

plains the steps involved in downloading Cytoscape.

4. A fundamental set of features for data integration, analysis, and visualization are offered by the

Cytoscape core distribution.

5. Applications with additional functionalities are accessible (formerly called Plugins).

6. These include apps for network and molecular profiling analysis, new layouts, extra file format

support, scripting, and database connectivity.

7. Anybody can create by utilizing the Cytoscape open API based on JavaTM technology, and com-

munity development of applications are encouraged.

8. Download most of the applications for free from the Cytoscape App Store.

9. Swiss-PDB Viewer (also known as Deep View) is a program that offers a user-friendly interface

that permits the simultaneous analysis of many proteins (https://spdbv.unil.ch/disclaim.html).

10. Download deepview from http://www.expasy.org/spdbv/ or any of the mirror sites mentioned.

a. Download & install Swiss-PdbViewer. Distribution of deepview either as a self-extractable

archive (.exe) or as a zip archive (.zip): $ (.exe): Double click the file. By default, a directory

called spdbv will be created in your C: drive.

b. Move this directory where the user require on hard drive. Be sure to maintain the directory

content.

c. To launch Deep View, double click the application icon (). $ (.zip): Expand the file using

WinZip. In this case, be sure to configure WinZip to keep the directory hierarchy. Figure 2 ex-

plains steps to install SWISS PDB database.

11. Compare the proteins’ active sites or other important components and structural alignments

can be inferred by superimposing them.

12. The simple graphic and menu interface makes it simple to find amino acid changes, H- bonds,

angles, and distances between atoms.

13. Swiss-PDB Viewer offers several tools to build into the density and can read electron density

maps as well.

14. Furthermore, integration of different modelling tools, and alteration of residues. In order to

create beautiful ray-traced quality photos, create POV-Ray sceneries from the present pers-

pective.

Part 2. Enlisting and downloading of phytochemicals from IMPPAT website in 3D SDF format

and virtual screening using ADMET properties

Timing: 4 h

This section accomplishes the complete retrieval of IMPPAT phytochemicals and their ADMET

evaluation.1,2
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15. Open IMPPAT database (https://cb.imsc.res.in/imppat/)3 in browser.

a. Click on BASIC RESEARCH option.

b. Under the PHYTOCHEMICAL ASSOCIATIONS option, enter name of the plant i.e., Camellia

sinensis and click on SEARCH option.

c. In the list, select the phytochemical and click on it. Out of all the different formats available,

click on 3D SDF and download the file.

d. Save all the phytochemicals in a separate folder by assigning a suitable name. Figure 3 ex-

plains the downloading protocol of phytochemicals from IMPPAT.

16. Copy the name of the phytochemical, i.e., Theobromine and paste in PubChem search bar.

Figure 1. Explanation of the installation procedure of Cytoscape 3.9.1
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17. Open the details of the phytochemical, select the CANONICAL SMILES, copy, and paste in

ADMET lab evaluation https://admetmesh.scbdd.com/service/evaluation/index window and

click on submit option.4

Figure 2. Explanation of the protein structure visualization using SWISSPDB viewer
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18. Figure 4 explains obtaining the compound structure in SMILES format using PubChem, whereas

Figure 5 explains finding the bioavailability of phytochemicals using ADMETlab 2.0.1,2

Note: Analyze the phytochemical for the following criterion – oral bioavailability (OBR 30%),

blood–brain barrier (BBB), Drug half-life (HL < 3 h), Lipinski’s RO5 (rule of five), Intestinal

epithelial permeability Caco-2 cells, drug-induced liver injury (DILI), Clearness (CL > 15 mL/

min/kg), molecular weight (MW 100–600), hydrogen bond donors (HbD 0–7), hydrogen

bond acceptors (HbA 0–12), topological polar surface area (TPSA), and pan assay interference

compounds (PAINS) in alerts.

Part 3. Identification of protein targets using SWISS target prediction, enlisting genes

relating to disease using DisGeNET database

Timing: 30 min

This section accomplishes prediction of protein targets of the IMPPAT phytochemicals, retrieval of

genes related to disease.1,2

19. Prepare 3 network tables of a) Botanical; b) Target and c) Disease genes using Microsoft Excel.

Figure 3. Retrieval of phytochemical compounds in SDF format using IMPPAT database

(A–D) (A) IMPPAT database Web page, (B) Search results of compounds, and (C) List of Compounds and (D) Compound available in 3D SDF format.
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20. Prepare disease network table by downloading the both the disease genes from DisGeNET

database (https://www.disgenet.org/)5 and Target network table using SwissTargetPrediction

(http://www.swisstargetprediction.ch/).6

Figure 6 explains the preparation of disease network by retrieving all the disease genes. Figure 7

explains the prediction of targets of the phytochemicals.

Note: You can also use Gene Cards database (https://www.genecards.org/)7 instead of

DisGeNET. However, usage of both databases is also recommended.

21. Open https://bioinfogp.cnb.csic.es/tools/venny/ an online tool for creation of Venn diagram.

a. First add T2DM (Type 2 Diabetes Mellitus) genes in list 1 and then add obesity genes in list 2.

Figure 4. Obtaining compounds in SMILES format using PubChem database

(A and B) (A) Pasting the compound name in PubChem, (B) Copying the SMILES format from the PubChem database.
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Note: Automatically the web tool creates the Venn diagram.

b. Click on the intersecting genes which separately gives the list of intersecting genes between

two diseases.

c. Then create second Venn diagram

i. To find the final intersecting targets between disease (1613) and targets of phytochemicals

(268) by uploading intersecting genes between disease and targets of phytochemicals.

Note: Output is the final intersecting targets between disease and targets of phytochemicals

(118).1,2

Figure 5. Virtual screening of compounds based on their ADMET properties

(A–C) (A) ADMETlab 2.0 evaluation, (B) Pasting of SMILES format, and (C) Results with ADMET properties of a compound.
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Part 4. Construction of CTD network using cytoscape 3.9.1 displaying intersecting genes and

PPI network construction using STRING database

Timing: 4 h

This section accomplishes the construction of CTD network and PPI network using Cytoscape and

STRING database respectively.1,2

22. Open Cytoscape 3.9.1 or 3.8 (https://cytoscape.org/)8 and above version using the browser.

23. Import the network tables – Targets of phytochemicals (150), disease intersecting genes (1495)

and final intersecting targets (118). Further, merge the network with union, which automatically

creates the big network.

24. By using filters, find out 118 intersecting genes, set the layout and separate the network, further

find out the 150 targets of phytochemicals, set the layout and separate the network and remain-

ing network with the 1495 disease target network. Figure 8 explains the steps of CTD network

construction using Cytoscape.

Note: The output of step 6 is known as CTD network.

Figure 6. Obtaining genes from DisGeNET database

(A–D) (A) DisGeNET search bar, (B) DisGeNET showing list of disease, (C) Selection of a specific disease, and (D) Obtaining all the genes for a disease.
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25. Open STRING database (https://string-db.org/).9

a. Upload intersecting targets, select multiple protein filter with organism as ‘‘Homo sapiens’’

and select SUBMIT option.

b. Further, Click on CONTINUE option, under settings apply different filters as full STRING

network, confidence with highest confidence level 0.900, interactive network and hide

disconnected nodes in the network for the first PPI network and click on UPDATE option.

Note: Output is generation of PPI network.1,2

Part 5. Importing of PPI network from STRING database, visualization, and identification of

final target gene of interest using cytoscape

Timing: 1 h

This section accomplishes the identification of final target gene of interest from PPI network.1,2

26. Open Cytoscape of 3.8 (https://cytoscape.org/) and above version using the browser for second

time.

27. Select the option SEND NETWORK TO CYTOSCAPE which is below the PPI network.

28. Now visualize the STRING network (PPI network), analyze the network, and note down the result.

29. Open CytoNCA from applications menu of the Cytoscape and analyze the top 15 targets of the

STRING network by selecting 3 topological characteristics Betweenness, Closeness and Degree

and save the images of the above 3 topological characteristics.

Figure 7. Prediction of target for the selected compounds

(A–D) (A) SWISS Target prediction, (B) SWISS target prediction predicting the targets of the phytochemicals, (C) Venny web-tool, and (D) Identification

and enlisting of the intersecting targets using Venny web tool.
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Note: Repeat the step 4 for other 2 topological characteristics i.e., closeness and degree.

30. Now open Cytohubba and generate subnetworks by analyzing top 15 nodes using various

algorithms such as MCC, MNC, EPC, DMNC, Eccentricity, Closeness, bottleneck and

betweenness.

Note: Repeat step 5 for the generation of subnetworks using other algorithms after MCC.

31. Identify the final target /targets by analyzing the 3 clusters and all the subnetworks.1,2 Figure 9

explains the steps of creating a PPI network using the STRING database and importing it to Cy-

toscape.

32. Analysis of the constructed PPI network using CytoNCA and CytoHubba has been given in Fig-

ures 10 and 11, respectively.

Note: Step 4 in the graphical abstract corresponds to Part 4 and Part 5 of the manuscript.

Part 6. Identification and retrieval of the final protein target from the RCSB PDB database,

model verification using Swiss PDB viewer, retrieval of phytocompounds from PubChem

Timing: 1 h

Figure 8. Construction of CTD network using Cytoscape

(A–D) (A) Protein targets of compounds, (B) Specific protein targets related with disease, (C) Merged network of protein targets, intersecting targets,

and disease targets, and (D) Final CTD network emerged as a common network from all the networks mentioned in Figure 7C.
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This section accomplishes the identification and retrieval of final protein target (structural biology of

protein target) and phytochemicals. The RCSB PDB database also provides insights into the target

protein biochemistry.10,11

33. Search the protein name and identify the correct protein using RCSB PDB database.

34. Download the protein structure from RCSB PDB database in PDB format.

35. To add missing amino acid residues, open the downloaded PDB in Swiss PDB viewer soft-

ware.

36. Once the model is completely built, save it in the PDB format. The protein is now ready for

further in silico studies like molecular docking. Figure 12 explains the procedure to identify

and retrieve the final protein target.

37. Similarly obtain the top phytochemicals with highest bioavailability using PubChem data-

base in 3D SDF format. These phytochemicals act as ligands for further in silico studies.

Figure 13 explains the procedure to identify and retrieve the phytocompounds from Pub-

Chem.

38. The entire protocol has been summarized in the given Methods item (Methods S1: Workflow

diagram of the entire protocol to identify multiple protein targets and therapeutic compounds

using an in silico polypharmacological approach, relating to the entire protocol from Part 1 to

Part 6).

Figure 9. Construction of PPI network using STRING database

(A) Uploading of intersecting (disease-compound) gene targets to the STRING, (B) Processing of the genes to the STRING, (C) Crude network

constructed, and (D) Actual PPI network constructed by applying filters.
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EXPECTED OUTCOMES

This protocol helps in the identification of multiple targets related with more than one disease or dis-

orders. It also provides the best therapeutic targets to bind with the target protein/s. One can consider

taking more than 2 or 3 protein targets which are common with the selected number of diseases or dis-

orders. Also, more than 1 therapeutic compound can be selected for further analyses like molecular

docking and molecular dynamics simulation. Here, we have selected only 1 protein target STAT3

(PDB ID: 6NJS) which is common for diabetes mellitus and obesity. We have selected 3 compounds

based on their bioavailability rank - Resveratrol, 4-hydroxy cinnamic acid, and 4-ethyl-2-methoxy

phenol. These proteins and compounds could be subjected to in vitro and in vivo studies if in silico re-

sults are acceptable. In the end, we can conclude that this polypharmacology-based protocol helps

largely in the discovery of novel protein targets as well as their best therapeutic compounds.

LIMITATIONS

The procedure followed in the protocol needs significant amount of time yet will yield promising tar-

gets related to multiple health aberrations. However, there are chances of miscalculations/errors

during retrieval of genes, obtaining common genes using Venn diagrams, merging 2 or more net-

works, etc. Careful and observant handling of resources and following the protocol could get the

best results possible. Networks can be generated only if the network table is created properly.

Proper way of creating network table is by using appropriate spacings and font size.

Figure 10. Analysis of the constructed PPI network using CytoNCA

(A–D) (A) Importing a constructed network from STRING to Cytoscape, (B) Analysis of constructed network, (C) Identification of network by CytoNCA,

and (D) Extraction of clusters from CytoNCA.
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TROUBLESHOOTING

Problem 1

Improper Network generation (related to step 1 of Part 3).

Potential solution

� To generate the proper network, initially the network table should be prepared appropriately.

Proper way of creating network table is by using appropriate spacings and font size.

Problem 2

Exporting of PPI network from STRING tool to Cytoscape (related to step 2 of part 4).

Potential solution

� Despite of using updated version of Cytoscape, STRING and high-speed internet, during ex-

porting of network from STRING to Cytoscape, an error message occurs as ‘‘confirm whether

you are using updated version of Cytoscape 3.8 + and above. This can be resolved by exiting

Figure 11. Analysis of the constructed PPI network using CytoHubba

(A–D) (A) Initiation of analysis using CytoHubba, (B) Stages of Analysis – top 15 modes, (C) Identification of clusters using various algorithms of

CytoHubba, and (D) core key subnetwork of top 15 nodes analyzed by CytoHubba – Color intensity indicates the degree of final targets.
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from STRING and Cytoscape softwares and repeating the steps of generating the STRING

PPI network and exporting procedure and closing the other tabs and programs running on

the system.

Problem 3

Troubleshooting with respect to Cytoscape tool (step 3 and 4 of Part 1).

Potential solutions to various issues

Installation issues

� If you encounter problems during the installation process, make sure that your system meets the

minimum requirements for running Cytoscape. You can also try downloading the latest version of

the software from the Cytoscape website and reinstalling it.

Figure 12. Identification and reconstruction of correct protein model

(A and B) (A) Reconstruction of the protein model using SWISS PDB Viewer – the missing amino acids appear in pink,

(B) Completely built protein model ready for further analyses (PDB ID: 6NJS in this study).
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Network loading issues

� If you are having trouble loading a network intoCytoscape,make sure that the file format is supported

by the software. Cytoscape supports many different file formats, including GraphML, XGMML, SIF,

and CSV. You can also try opening the file in a text editor to check for any errors or formatting issues.

Performance issues

� If Cytoscape is running slowly or freezing, try closing any other programs that may be using up sys-

tem resources. You can also try adjusting the settings in the Cytoscape preferences menu to opti-

mize performance.

Java issues

� Cytoscape requires Java to run, so if you are encountering errors related to Java, make sure that you

have the latest version installed and that your system meets the Java requirements for Cytoscape.

Figure 13. Selectionofbest compounds inADMETevaluation that are suitable for interactwith theproteinmodel6NJS

(A–C) (A) Resveratrol, (B) 4-hydroxy cinnamic acid, and (C) 4-ethyl-2-methoxy phenol.
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Network layout issues

� If you are having trouble with the layout of your network, try using different layout algorithms or

adjusting the settings for the current layout algorithm. You can also try manually moving nodes

and edges to improve the visualization

Problem 4

Due to the scarcity of databases with open access, target identification often relies on one or a small

number of databases. This occasionally produces unfinished results. Additionally, there can be un-

discovered new targets that are a component of the bioactive’ mechanism of action. Multiple data-

bases should be taken into consideration for target identification to address this network disparity.

Potential solution

� This issue could also be resolved by integrating databases that perform related tasks. Further-

more, the network predictions will be supported by experimental confirmation of the target mol-

ecules utilizing investigations of protein-protein interactions or gene expression.8

Problem 5

Troubleshooting with respect to ADMET Lab 2.0 web tool (related to step 3 of Part 2).

The primary problem occurs with respect to ADMET lab tool is sometimes it consumes more time

to open.

Potential solution

� Resolved by closing the web tool and re-opening or reloading the page until it opens and make

sure to close unwanted tabs and applications.

The secondary problem is displaying incomplete results after ADMET evaluation.

Potential solution

� Resolved by re-loading the webtool and submitting the SMILES once again.

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be ful-

filled by the lead contact, [Ramith Ramu] (ramithramu@jssuni.edu.in).

Materials availability

This study did not generate any unique reagents/materials since this is a complete in silico-based

protocol. All the required resources are mentioned in key resources table (KRT).

Data and code availability

Data generated using the procedures presented in this paper are published in Martiz et al. (2022),1

and Maradesha et al. (2023).2

SUPPLEMENTAL INFORMATION

Supplemental information can be found online at https://doi.org/10.1016/j.xpro.2023.102440.
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