






Figure 2. Data upload. The user can use the batch import form to upload a spreadsheet, e.g. from Microsoft Excel (a). STITCH will then show the
first five rows of the spreadsheet and ask the user to identify columns that contain the name, chemical structure or a numerical readout (b). Selected
columns are highlighted in green. STITCH uses heuristics to suggest which kind of information the columns contain, e.g. by identifying SMILES
strings as structural descriptors.
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interactive network viewer and enriched GO terms among
the proteins can be computed (5,37). The set of all inter-
actions is also available for download under Creative
Commons licenses (with separate commercial licensing
for a subset). In this way, STITCH can be used to drive
large-scale studies. Many research groups have already
used STITCH 3 in this way; a few examples illustrating
different utilities follow: STITCH has been used to deter-
mine which proteins cause side effects during drug treat-
ment (38,39) by combining the STITCH network with
data from a side effect database (40). The database has
also been instrumental for the identification of druggable
proteins to predict polypharmacological treatment of
diseases on the basis of network topology features (41).
For a method that predicts drug targets based on
chemogenetic assays in yeast, STITCH has been chosen
as a benchmark set (42). Lastly, STITCH has also been
integrated into other tools, for example ResponseNet2.0
and QuantMap (43,44).

ACKNOWLEDGEMENTS

The authors wish to thank Yan P. Yuan (EMBL) for his
outstanding support with the STITCH servers.

FUNDING

Deutsche Forschungsgemeinschaft [DFG KU 2796/2-1 to
M.K.]; Novo Nordisk Foundation Center for Protein
Research. Funding for open access charge: European
Molecular Biology Laboratory.

Conflict of interest statement. None declared.

REFERENCES

1. Barabási,A.L. and Oltvai,Z.N. (2004) Network biology:
understanding the cell’s functional organization. Nat. Rev. Genet.,
5, 101–113.

Figure 3. User data and the STITCH network. For four compounds that are part of the example data set from Figure 2, interacting proteins are
shown. The numerical readout has been converted to a color on a red–blue gradient. Instead of the normal chemical names used by STITCH, the full
names provided in the data set are used, enabling the user to easily recognize the studied chemicals.

Nucleic Acids Research, 2014, Vol. 42, Database issue D405

 at E
uropaisches L

aboratorium
 fuer M

olekularbiologie, B
ibliothek on January 10, 2014

http://nar.oxfordjournals.org/
D

ow
nloaded from

 

,
Indeed, m
,
in order 
MK
(
)
. Work on the project has also been supported in part by the 
http://nar.oxfordjournals.org/
http://nar.oxfordjournals.org/


2. Kuhn,M., von Mering,C., Campillos,M., Jensen,L.J. and Bork,P.
(2008) STITCH: interaction networks of chemicals and proteins.
Nucleic Acids Res., 36, D684–D688.

3. Kuhn,M., Szklarczyk,D., Franceschini,A., Campillos,M., von
Mering,C., Jensen,L.J., Beyer,A. and Bork,P. (2010) STITCH 2:
an interaction network database for small molecules and proteins.
Nucleic Acids Res., 38, D552–D556.

4. Kuhn,M., Szklarczyk,D., Franceschini,A., von Mering,C.,
Jensen,L.J. and Bork,P. (2012) STITCH 3: zooming in
on protein-chemical interactions. Nucleic Acids Res., 40,
D876–D880.

5. Franceschini,A., Szklarczyk,D., Frankild,S., Kuhn,M.,
Simonovic,M., Roth,A., Lin,J., Minguez,P., Bork,P.,
von Mering,C. et al. (2013) STRING v9.1: protein-protein
interaction networks, with increased coverage and integration.
Nucleic Acids Res., 41, D808–D815.

6. Wang,Y., Xiao,J., Suzek,T.O., Zhang,J., Wang,J. and Bryant,S.H.
(2009) PubChem: a public information system for analyzing
bioactivities of small molecules. Nucleic Acids Res., 37,
W623–W33.

7. Gaulton,A., Bellis,L.J., Bento,A.P., Chambers,J., Davies,M.,
Hersey,A., Light,Y., McGlinchey,S., Michalovich,D., Al-
Lazikani,B. et al. (2012) ChEMBL: a large-scale bioactivity
database for drug discovery. Nucleic Acids Res., 40,
D1100–D1107.

8. Roth,B.L., Lopez,E., Patel,S. and Kroeze,W. (2000)
The multiplicity of serotonin receptors: uselessly diverse
molecules or an embarrassment of riches? Neuroscientist, 6,
252–262.

9. Rose,P.W., Beran,B., Bi,C., Bluhm,W.F., Dimitropoulos,D.,
Goodsell,D.S., Prlic,A., Quesada,M., Quinn,G.B., Westbrook,J.D.
et al. (2011) The RCSB protein data bank: redesigned web site
and web services. Nucleic Acids Res., 39, D392–D401.

10. Anastassiadis,T., Deacon,S.W., Devarajan,K., Ma,H. and
Peterson,J.R. (2011) Comprehensive assay of kinase catalytic
activity reveals features of kinase inhibitor selectivity.
Nat. Biotechnol, 29, 1039–1045.

11. Davis,M.I., Hunt,J.P., Herrgard,S., Ciceri,P., Wodicka,L.M.,
Pallares,G., Hocker,M., Treiber,D.K. and Zarrinkar,P.P. (2011)
Comprehensive analysis of kinase inhibitor selectivity. Nat.
Biotechnol., 29, 1046–1051.

12. Knox,C., Law,V., Jewison,T., Liu,P., Ly,S., Frolkis,A., Pon,A.,
Banco,K., Mak,C., Neveu,V. et al. (2011) DrugBank 3.0: a
comprehensive resource for ‘omics’ research on drugs. Nucleic
Acids Res., 39, D1035–D1041.

13. Okuno,Y., Yang,J., Taneishi,K., Yabuuchi,H. and Tsujimoto,G.
(2006) GLIDA: GPCR-ligand database for chemical genomic
drug discovery. Nucleic Acids Res., 34, D673–D677.

14. Günther,S., Kuhn,M., Dunkel,M., Campillos,M., Senger,C.,
Petsalaki,E., Ahmed,J., Urdiales,E.G., Gewiess,A., Jensen,L.J.
et al. (2008) SuperTarget and Matador: resources for
exploring drug-target relationships. Nucleic Acids Res., 36,
D919–D922.

15. Zhu,F., Shi,Z., Qin,C., Tao,L., Liu,X., Xu,F., Zhang,L., Song,Y.,
Liu,X., Zhang,J. et al. (2012) Therapeutic target database update
2012: a resource for facilitating target-oriented drug discovery.
Nucleic Acids Res., 40, D1128–D1136.

16. Davis,A.P., Murphy,C.G., Johnson,R., Lay,J.M.,
Lennon-Hopkins,K., Saraceni-Richards,C., Sciaky,D., King,B.L.,
Rosenstein,M.C., Wiegers,T.C. et al. (2013) The comparative
toxicogenomics database: update 2013. Nucleic Acids Res., 41,
D1104–D1114.

17. Kanehisa,M., Goto,S., Sato,Y., Furumichi,M. and Tanabe,M.
(2012) KEGG for integration and interpretation of large-scale
molecular data sets. Nucleic Acids Res., 40, D109–D114.

18. Schaefer,C.F., Anthony,K., Krupa,S., Buchoff,J., Day,M.,
Hannay,T. and Buetow,K.H. (2009) PID: the pathway
interaction database. Nucleic Acids Res., 37, D674–D679.

19. Croft,D., O’Kelly,G., Wu,G., Haw,R., Gillespie,M., Matthews,L.,
Caudy,M., Garapati,P., Gopinath,G., Jassal,B. et al. (2011)
Reactome: a database of reactions, pathways and biological
processes. Nucleic Acids Res., 39, D691–D697.

20. Caspi,R., Altman,T., Dale,J.M., Dreher,K., Fulcher,C.A.,
Gilham,F., Kaipa,P., Karthikeyan,A.S., Kothari,A.,

Krummenacker,M. et al. (2010) The MetaCyc database
of metabolic pathways and enzymes and the BioCyc collection
of pathway/genome databases. Nucleic Acids Res., 38,
D473–D479.

21. Saric,J., Jensen,L.J., Ouzounova,R., Rojas,I. and Bork,P. (2006)
Extraction of regulatory gene/protein networks from Medline.
Bioinformatics, 22, 645–650.

22. Jensen,L.J., Saric,J. and Bork,P. (2006) Literature mining for the
biologist: from information retrieval to biological discovery.
Nat. Rev. Genet., 7, 119–129.

23. Amberger,J., Bocchini,C.A., Scott,A.F. and Hamosh,A. (2009)
McKusick’s Online Mendelian Inheritance in Man (OMIM).
Nucleic Acids Res., 37, D793–D796.

24. Ashburner,M., Ball,C.A., Blake,J.A., Botstein,D., Butler,H.,
Cherry,J.M., Davis,A.P., Dolinski,K., Dwight,S.S., Eppig,J.T.
et al. (2000) Gene ontology: tool for the unification of biology.
The gene ontology consortium. Nat. Genet., 25, 25–29.

25. Lounkine,E., Keiser,M.J., Whitebread,S., Mikhailov,D.,
Hamon,J., Jenkins,J.L., Lavan,P., Weber,E., Doak,A.K., Côté,S.
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