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Redes de Interacciones entre Proteínas

- Biología de sistemas y redes biológicas
- Determinación experimental a gran escala del interactoma
- Extracción automática de interacciones descritas en la literatura
- Predicción computacional de interacciones
- Propiedades de las redes de interacción
- Combinación con otra información
- Bibliografía general
- Práctica
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Bioinformática orientada al componente individual
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Bioinformática y Sistemas Complejos en Biología
Biología de Sistemas vs. Biología Molecular

• Visión reduccionista
• Objeto de estudio: componentes (genes proteínas).
• Biología Molecular
• Propiedades de los componentes -> conocimiento biológico
• Enfermedades (dianas/marcadores = proteínas/genes).

• Visión desde el punto de vista de sistemas complejos
• Objeto de estudio: redes, relaciones, propiedades emergentes 

(no propiedades de componentes individuales).
• Biología de Sistemas
• Propiedades “globales” (emergentes, etc.) -> conocimiento biológico
• Enfermedades (dianas/marcadores = redes, patrones complejos).

?
?

Michael Liebman (www.bioitworld.com)



¿Es suficiente la visión reduccionista?

• Reduccionismo en Biología muy exitoso (Biología Molecular). “The ultimate aim of the modern movement in 
biology is to explain all biology in terms of physics and chemistry”. F. Crick (1966)

• Sistemas biológicos: prototipo de sistemas complejos. => Muchos fenómenos biológicos nunca podrán explicarse
a partir de las propiedades de los componentes (“el todo es mas que la suma de las partes”).

• Determinación de “repertorios de componentes” y sus caracteristicas (secuenciación de genomas, proteómica, 
genómica estructural ...): Ni el número ni las características de genes y proteínas dan cuenta de muchas
características de los organismos:

- Similar número de genes en Drosophila y C. elegans.
- Alta similaridad de secuencia entre humano y ratón.
- ...

•Van Regenmortel, M.H. (2004) Reductionism and complexity in molecular biology. Scientists now have the tools to unravel biological and 
overcome the limitations of reductionism. EMBO Rep, 5, 1016-1020.



¿Es suficiente la visión reduccionista?

• Fallo en tratamiento de cáncer, ... En parte debido al enfoque reduccionista extremo.

• No vacuna HIV, ...  “

• Fracaso vacunas de péptidos.  “

• Reducción de fármacos en el mercado a pesar de la creciente inversión. (1 fármaco <–> 1 diana).

• No resultados esperados para técnicas terapéuticas prometedoras de base reduccionista (terapia génica, 
RNA antisentido, ...).

• No mejora esperada de estas aproximaciones con secuenciación de genomas, etc.

•Van Regenmortel, M.H. (2004) Reductionism and complexity in molecular biology. Scientists now have the tools to unravel biological and 
overcome the limitations of reductionism. EMBO Rep, 5, 1016-1020.



¿Es suficiente la visión reduccionista?

Fallos en aproximaciones in-vitro e in-silico.

Fallos en técnicas experimentales de base reduccionista (delecciones, knockout, ...).
Knockout: no efecto, efecto distinto al esperado, o efecto “inespecífico” (cambio expresión 100’s genes).

“Some mice should, by rights, be dead. At the very least, Teyumuras Kurzchalia
expected his to be critically ill. But the most prominent symptom of his 
genetically engineered mice was a persistent erection”

Pearson, H. (2002) Surviving a knockout blow. Nature, 415, 8-9.



Biología de componentes vs. Biología de sistemas

In vivo In vivo + in vitro In vivo + in vitro + in silico
Características del

sistema desde el pto.
vista de los componentes y sus

relaciones
Propiedades emergentes, ...

Características de los 
componentes (moléculas)

Características del
sistema



“genomics” / “post-genomics”
Multi-level high-throughput characterization of components

- Full-genome sequencing (“genome”).
- Characterization of transcripts (mRNA) (“transcriptome”)
- Characterization of the protein repertory (“proteome”)
- Cellular localization of the components (“localizome”)
- Genetic regulation networks (“regulome”)
- Protein interaction networks (“interactome”)
- High throughput characterization of gene-phenotype relationships (“phenome”)
- Metabolic networks (“metabolome”)
- ......
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The interactome

Walhout, A. J. & Vidal, M. (2001). Protein interaction maps for model organisms. Nat Rev Mol Cell Biol 2(1), 55-62.



Experimental determination of the interactome

Y2H TAP/MS
http://pubs.acs.org/hotartcl/mdd/00/sep/edwards.html



Experimental determination of the interactome

TAP/MS Y2H

A.Valencia



High-throughput experimentally determined interactomes

A.Valencia

•Rain, J.C., Selig, L., De Reuse, H., et al. (2001) The protein-protein interaction map of Helicobacter pylori. Nature, 409, 211-215.
•Gavin, A.C., et al. (2002) Functional organisation of the yeast proteome by systematic analysis of protein complexes. Nature, 415, 141-147.
•Ho, Y., et al. (2002) Systematic identification of protein complexes in Saccharomyces cerevisiae by mass spectrometry. Nature, 415, 180-183.
•Ito, T., et al. (2000) Toward a protein-protein interaction map of the budding yeast: A comprehensive system to examine two-hybrid interactions in all possible 
combinations between the yeast proteins. Proc Natl Acad Sci USA, 97, 1143-1147.
•Uetz, P., et al. (2000) A comprehensive analysis of protein-protein interactions in Saccharomyces cerevisiae. Nature, 403, 623-631.
•Giot, L., Bader, J.S., Brouwer, et al. (2003) A protein interaction map of Drosophila melanogaster. Science, 302, 1727-1736.
•Li, S., Armstrong, C.M., Bertin, N., et al. (2004) A map of the interactome network of the metazoan C. elegans. Science, 303, 540-543.
•Butland, G., Peregrin-Alvarez, J.M., Li, J., et al. (2005) Interaction network containing conserved and essential protein complexes in Escherichia coli. Nature, 
433, 531-537.



Quality of the high-throughput interaction data

Overlap:
6 int !

Estimation (yeast): 12.000-40000 (6000)

Uetz, P. and Finley, R.L., Jr. (2005) From protein networks to biological systems. FEBS Lett, 579, 1821-1827.



von Mering, C., Krause, R., Snel, B., Cornell, M., Oliver, S.G., Fields, S. and Bork, P. (2002) Comparative assessment of large scale data 
sets of protein-protein interactions. Nature, 417, 399-403.

Quality of the high-throughput interaction data



Quality of the high-throughput interaction data

Hoffmann R, Valencia A. (2003). Protein interaction: same network, different hubs. Trends Genet. 19(12):681-683. 



Retrieving protein relationships from the literature
(text mining)

Extraction of 
interactions.

Interface for the human 
intervention

Pubmed
10M entries

*[proteinA]...verbindicatinganaction...[proteinB]
“After extensive purification, Cdk2 was still bound to cyclin D1”

Rules about interactoins

Terms that indicate 
interaction

activate,associatedwith,bind,interact,phosphorylate,regulate
Action words are for example:

Selection of the text 
corpus

A. Valencia

C. Blaschke, M. A. Andrade, C. Ouzounis and A. Valencia. (1999). ISMB99. 60-67. 



Retrieving protein relationships from the literature. iHop

Robert Hoffmann & Alfonso Valencia. (2004). A gene network for navigating the literature. Nature Genetics 36, 664. 



In-silico prediction of protein interactions
c) gene fusion

d) similarity of phylogenetic trees

protein
distance
matrices

d1

d2

a) phylogenetic profiles
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intra-protein inter-protein

intra- and inter-
protein correlated
mutations
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MSAs
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•Huynen, M., Snel, B., Lathe, W. & Bork, P. (2000) Predicting protein function by genomic context: quantitative evaluation and qualitative 
inferences. Genome Res, 10, 1204-1210.
•Valencia, A. & Pazos, F. (2002) Computational methods for the prediction of protein interactions. Curr Opin Struct Biol, 12, 368-373.
•Salwinski, L. & Eisenberg, D. (2003). Computational methods of analysis of protein-protein interactions. Curr Opin Struct Biol. 13, 377-382.



Conservation of gene neighboring

Dandekar, T., Snel, B., Huynen, M. & Bork, P. (1998). 
Conservation of gene order: a fingerprint of proteins that
physicaly interact. Trends Biochem Sci. 23, 324-328.

Overbeek, R., Fonstein, M., D'Souza, M., Pusch, G. D. &
Maltsev, N. (1999). Use of contiguity on the chromosome to 
predict functional coupling. In Silico Biol. 1, 93-108.



Enright, A. J., Iliopoulos, I., Kyrpides, N. C. & Ouzounis, C. A. (1999). 
Protein interaction maps for complete genomes based on gene fusion 
events. Nature. 402, 86-90.

Gene Fusion

Marcotte, E. M., Pellegrini, M., Ho-Leung, N., Rice, D. W.,
Yeates, T. O. & Eisenberg, D. (1999). Detecting protein 
function and protein-protein interactions from genome 
sequences. Science. 285, 751-753.

http://www.sciencemag.org/content/vol285/issue5428/images/large/se2997711001.jpeg
http://www.sciencemag.org/content/vol285/issue5428/images/large/se2997711002.jpeg
http://www.sciencemag.org/content/vol285/issue5428/images/large/se2997711003.jpeg


Phylogenetic Profiles

•Pellegrini, M., Marcotte, E. M., Thompson, M. J., Eisenberg, D. & Yeates, T. O. (1999). Assigning protein functions by comparative 
genome analysis: Protein pylogenetic profiles. Proc Natl Acad Sci USA. 96, 4285-4288.

•Date, S. V. & Marcotte, E. M. (2003). Discovery of uncharacterized cellular systems by genome-wide analysis of functional linkages. Nat
Biotechnol. 21, 1055-1062.

H(A) = - Σp(a) ln p(a) 

pij = -1/logEij

http://www.pnas.org/content/vol96/issue8/images/large/pq0690185001.jpeg


Phylogenetic Profiles

•Bowers, P.M., Cokus, S.J., Eisenberg, D. and Yeates, T.O. (2004) Use of logic relationships to decipher protein network organization. 
Science, 306, 2246-2249.



Based on correlated mutations (i2h)
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Pazos, F. & Valencia, A. (2002). In silico two-hybrid system for the selection of physically interacting protein pairs. Proteins. 47, 219-227.



1alc_1-1rnd_1   0,968
3adk_2-4tnc_2   0,961
1alc_1-1rnd_2   0,957
1sgt_1-2c2c_2   0,889
2c2c_2-3pgk_1   0,878
3trx_1-9pap_2   0,857
4tnc_1-4mt2_2   0,853
4tnc_2-4mt2_2   0,836
3trx_1-3pgk_2   0,829
3trx_1-9pap_1   0,814
2c2c_2-1rnd_2   0,813
4tms_2-3dfr_2   0,809
9pap_2-3adk_2   0,805
4tms_1-3dfr_2   0,804
1sgt_2-1alc_1   0,799
9pap_1-3adk_2   0,790
3trx_2-9pap_2   0,761
4tnc_2-4mt2_1   0,747
3adk_2-3pgk_2   0,726
4tnc_1-4mt2_1   0,718
9pap_2-4tnc_2   0,702
3trx_1-3adk_1   0,673
3dfr_1-3dfr_2  * 0,657
2pf2_2-1alc_2   0,628
3adk_1-4tnc_1   0,617
3adk_1-4tnc_2   0,614
2pf2_2-1alc_1   0,595
3adk_2-4tnc_1   0,539
4tms_1-3dfr_1   0,507
3trx_2-3pgk_1   0,489
3trx_2-3pgk_2   0,471
3trx_1-3adk_2   0,471
1sgt_1-1alc_1   0,455
3trx_1-2c2c_2   0,453
3trx_1-2c2c_1   0,446
4tms_2-4tnc_2   0,444
2c2c_1-1rnd_2   0,442
1sgt_2-1alc_2   0,435
3trx_2-3adk_1   0,427
4tms_1-4tnc_2   0,413
1sgt_1-1rnd_1   0,403
4tms_1-4tnc_1   0,401
4tms_2-3dfr_1   0,398
1alc_2-4mt2_2   0,362
1sgt_1-1rnd_2   0,358
1sgt_1-4mt2_2   0,356
1sgt_2-1rnd_1   0,352
3trx_1-4tnc_2   0,316
2c2c_1-4tnc_1   0,303

2c2c_2-1alc_1   3,503
1sgt_2-4mt2_1   3,448
9pap_1-9pap_2  * 3,042
1alc_1-1alc_2  * 2,852
2c2c_1-4mt2_1   2,825
4tms_1-4tms_2  * 2,735
3trx_1-3trx_2  * 2,571
4mt2_1-4mt2_2  * 2,469
2c2c_2-4mt2_1   2,355
2c2c_2-4mt2_2   2,331
4tnc_1-4tnc_2  * 2,238
3blm_1-3blm_2  * 2,206
3pgk_1-3pgk_2  * 2,197
2c2c_1-4mt2_2   2,139
1sgt_2-2c2c_1   2,068
2c2c_1-1alc_1   2,011
2c2c_1-1alc_2   1,886
3adk_1-3adk_2  * 1,862
1sgt_2-2c2c_2   1,835
2c2c_1-2c2c_2  * 1,787
3adk_1-3pgk_1   1,624
1rnd_1-4mt2_1   1,530
2c2c_1-9pap_2   1,520
3adk_2-3dfr_2   1,507
1sgt_2-2pf2_2   1,489
9pap_1-3adk_1   1,488
3adk_1-3pgk_2   1,444
2c2c_2-1alc_2   1,415
2c2c_1-3pgk_2   1,389
1sgt_1-4mt2_1   1,387
3adk_1-3dfr_1   1,367
1rnd_2-4mt2_1   1,359
2c2c_2-3adk_1   1,319
1rnd_1-1rnd_2  * 1,314
3pgk_1-4tms_1   1,299
2c2c_1-3adk_1   1,297
3pgk_1-4tms_2   1,292
3trx_1-3pgk_1   1,279
2c2c_1-3pgk_1   1,278
1alc_1-4mt2_1   1,278
2c2c_2-9pap_2   1,274
1rnd_1-4mt2_2   1,258
3adk_2-3pgk_1   1,252
1rnd_2-4mt2_2   1,240
3adk_1-3dfr_2   1,209
3trx_2-2c2c_1   1,196
3pgk_2-4tms_2   1,178
3pgk_2-4tms_1   1,170

Based on 
correlated mutations 

(i2h)



Based on correlated mutations (i2h)



Based on correlated mutations (i2h)



Interaction-based function prediction

• Pazos, F. & Valencia, A. (2002). In silico two-hybrid system for the selection of physically interacting protein pairs. Proteins. 47, 219-227.
•Vazquez, A., Flammini, A., Maritan, A. & Vespignani, A. (2003). Global protein function prediction from protein-protein interaction networks. 
Nat Biotechnol. 21, 697-700.
•Samanta, M. P. & Liang, S. (2003). Predicting protein functions from redundancies in large-scale protein interaction networks. Proc Natl Acad 
Sci U S A. 100, 12579-12583.
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Goh, C.-S., Bogan, A.A., Joachimiak, M., Walther, D. and Cohen, F.E. (2000) Co-evolution of Proteins with their Interaction Partners.
J Mol Biol, 299, 283-293.

Pazos, F. and Valencia, A. (2001) Similarity of phylogenetic trees as indicator of protein-protein interaction. Protein Eng, 14, 609-614.



2c2c_2-4mt2_2   0,959
9pap_1-9pap_2  * 0,907
2c2c_1-4mt2_2   0,901
3pgk_1-3pgk_2  * 0,901
4mt2_1-4mt2_2  * 0,898
3trx_1-3trx_2  * 0,894
4tms_1-4tms_2  * 0,854
2c2c_2-4mt2_1   0,849
1rnd_1-1rnd_2  * 0,817
2c2c_1-4mt2_1   0,813
1alc_1-1alc_2  * 0,801
4tnc_1-4tnc_2  * 0,794
2c2c_1-2c2c_2  * 0,773
3pgk_1-4tms_1   0,756
3pgk_1-4tms_2   0,731
2c2c_1-3adk_1   0,726
3pgk_2-4tms_1   0,723
2c2c_2-3pgk_1   0,715
1alc_1-1rnd_1   0,712
2c2c_2-3pgk_2   0,698
1alc_2-1rnd_1   0,697
1sgt_1-1sgt_2  * 0,693
3pgk_2-4tms_2   0,691
3adk_2-3dfr_2   0,675
1sgt_2-2pf2_2   0,673
3dfr_1-3dfr_2  * 0,672
2c2c_2-9pap_1   0,658
2c2c_1-3pgk_1   0,648
3trx_2-9pap_1   0,646
1sgt_1-2pf2_2   0,646
2c2c_2-3adk_1   0,631
3trx_1-9pap_1   0,627
2c2c_2-1alc_2   0,626
2c2c_1-3pgk_2   0,620
3trx_2-9pap_2   0,620
1rnd_2-4mt2_1   0,619
1alc_2-1rnd_2   0,607
1rnd_2-4mt2_2   0,606
3blm_1-3blm_2  * 0,603
1alc_1-1rnd_2   0,599
3trx_1-3pgk_1   0,595
3trx_1-9pap_2   0,589
1alc_2-4mt2_1   0,588
2c2c_1-1alc_2   0,587
2c2c_1-9pap_1   0,581
3trx_1-3pgk_2   0,577
4tnc_1-4mt2_1   0,556
3adk_1-3pgk_1   0,554

4tnc_1-4mt2_2   0,448
9pap_2-4tnc_1   0,446
1alc_2-4mt2_2   0,446
1sgt_2-4mt2_1   0,433
3adk_1-4tnc_2   0,421
1rnd_1-4mt2_2   0,405
4tnc_2-4mt2_2   0,405
2c2c_1-3adk_2   0,401
1sgt_2-2c2c_1   0,399
4tms_2-3dfr_2   0,394
3adk_1-3dfr_1   0,390
1sgt_2-2c2c_2   0,381
3adk_2-3dfr_1   0,372
1sgt_2-1alc_1   0,371
4tms_1-3dfr_2   0,358
1sgt_1-4mt2_1   0,343
1sgt_1-4mt2_2   0,336
9pap_2-4tnc_2   0,331
4tms_1-3dfr_1   0,327
3trx_1-2c2c_2   0,319
3trx_1-2c2c_1   0,312
1sgt_1-1alc_1   0,312
3trx_2-2c2c_2   0,287
3trx_2-2c2c_1   0,281
1sgt_1-2c2c_2   0,270
1alc_1-4mt2_2   0,268
1sgt_1-2c2c_1   0,268
2c2c_1-1rnd_1   0,263
9pap_1-3adk_2   0,254
2c2c_2-3adk_2   0,254
3adk_2-3pgk_1   0,251
1sgt_1-1rnd_1   0,238
3adk_2-3pgk_2   0,238
9pap_2-3adk_2   0,221
1sgt_2-1alc_2   0,219
2c2c_2-1alc_1   0,203
9pap_1-4tnc_1   0,202
1sgt_2-1rnd_1   0,191
1sgt_1-1alc_2   0,178
3trx_2-3adk_2   0,175
1sgt_1-1rnd_2   0,168
2pf2_2-1alc_1   0,160
2c2c_1-1alc_1   0,155
9pap_1-4tnc_2   0,149
2c2c_2-1rnd_2   0,146
4tms_2-3dfr_1   0,130
3trx_1-3adk_2   0,128
2c2c_2-1rnd_1   0,125
2c2c_1-1rnd_2   0,113

Pazos, F. and Valencia, A. (2001) Similarity of phylogenetic trees as indicator of protein-protein interaction. Protein Eng, 14, 609-614.



Pazos, F. and Valencia, A. (2001) Similarity of phylogenetic trees as indicator of protein-protein interaction. Protein Eng, 14, 609-614.



MirrorTree
Variations

Gertz, J., Elfond, G., Shustrova, A., Weisinger, M., Pellegrini, M., Cokus, S. and Rothschild, B. (2003) Inferring protein interactions 
from phylogenetic distance matrices. Bioinformatics, 19, 2039-2045.

33. Goh, C.S. and Cohen, F.E. (2002) Co-evolutionary analysis reveals insights into protein-protein interactions. J Mol Biol, 324, 177-192.

34. Ramani, A.K. and Marcotte, E.M. (2003) Exploiding the co-evolution of interacting proteins to discover interaction specificity. J Mol 
Biol, 327, 273-284.

35. Sato, T., Yamanishi, Y., Horimoto, K., Toh, H. and Kanehisa, M. (2003) Prediction of protein-protein interactions from phylogenetic
trees using partial correlation coefficient. Genome Informatics, 14, 496-497.

36. Kim, W.K., Bolser, D.M. and Park, J.H. (2004) Large-scale co-evolution analysis of protein structural interlogues using the global 
protein structural interactome map (PSIMAP). Bioinformatics, 20, 1138-1150. Epub 2004 Feb 1135.

37. Tan, S., Zhang, Z. and Ng, S. (2004) ADVICE: Automated Detection and Validation of Interaction by Co-Evolution. Nucl. Acids. 
Res., 32, W69-W72.



MirrorTree. Variations

Ramani, A.K. & Marcotte, E.M. (2003) Exploiding the co-evolution of interacting proteins to discover interaction specificity. J Mol Biol, 327, 
273-284.
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tol-mirrortree
Comparison with old methods

P(N) values (sign test):
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Material de teoría y práctica:

http://pdg.cnb.uam.es/pazos/cursos/Verano_UCM_05/

Contacto:

Dr. Florencio Pazos Cabaleiro
Protein Design Group
Centro Nacional de Biotecnología (CNB-CSIC). Madrid
pazos@cnb.uam.es
http://pdg.cnb.uam.es/pazos
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