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Redes de Interacciones entre Proteinas

- Biologia de sistemas y redes bioldgicas

- Determinacion experimental a gran escala del interactoma

- Extraccion automatica de interacciones descritas en la literatura
- Prediccion computacional de interacciones

- Propiedades de las redes de interaccion

- Combinacion con otra informacion

- Bibliografia general

- Practica
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Bioinformatica y Sistemas Complejos en Biologia
Biologia de Sistemas vs. Biologia Molecular

Top-Down Approach « Vision desde el punto de vista de sistemas complejos

= « Objeto de estudie=redes, relaciones, propiedades emergenias

(no propiedades de componeﬁ%ﬁndmduales).

« Biologia de Sistemas
ropiedades “globales” (emergehtes, ef®) -> conocimiento bioldgico
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Bottom-Up Approach ?
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o<gomponentes (genes proteinasp

opiedades de los compo s -> conocimiento biologico
» Enfermedades (dianas/marcadores = proteinas/genes).

* Visidn reduccid
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Michael Liebman (www.bioitworld.com)



¢ Es suficiente la vision reduccionista?

 Reduccionismo en Biologia muy exitoso (Biologia 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 bioldgicos: prototipo de sistemas complejos. => Muchos fendmenos biolégicos nunca podran explicarse
a partir de las propiedades de los componentes (“el todo es mas que la suma de las partes”).

 Determinacion de “repertorios de componentes” y sus caracteristicas (secuenciacion de genomas, protedémica,
genomica estructural ...): Ni el namero ni las caracteristicas de genes y proteinas dan cuenta de muchas
caracteristicas de los organismos:
- Similar nimero de genes en Drosophilay C. elegans.
- Alta similaridad de secuencia entre humano y raton.

*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 vision reduccionista?

» Fallo en tratamiento de cancer, ... En parte debido al enfoque reduccionista extremo.

* No vacuna HIV, ...

* Fracaso vacunas de péptidos. “

 Reduccion de farmacos en el mercado a pesar de la creciente inversion. (1 farmaco <—> 1 diana).

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

* No mejora esperada de estas aproximaciones con secuenciacion 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 vision 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 “inespecifico” (cambio expresion 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.



Biologia de componentes vs. Biologia de sistemas

(NSRRI

In vivo In vivo + in vitro In vivo + in vitro + in silico
Caracteristicas del
Caracteristicas del Caracteristicas de los ~ sistema desde el pto.
sistema componentes (moléculas) vista de los componentes y sus
relaciones

Propiedades emergentes, ...



“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”)



The interactome

a Genetic pathways b Pathway scaffolding

— x—lv—lz

€ Enzymalic reactions d Molecular machines

Nature Reviews | Molecular Cell Biology

+

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
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Experimental determination of the interactome
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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.

eIto, 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.

oLi, 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

Table 1

Large protein interaction screens for eukaryotes

Organism (genes) Method Interactions® Proteins Reference

Yeast (~6000) Yeast two-hybrid 967 1004 [63] .
Yeast two-hybnd 4549 3278 [13] Overlap !
Yeast two-hybrd 420 271 [64,65] 6 Int |
To-ATTHMS = Tons (0] -
Co-AP/MS 3ETR 1578 [67]

Dvozophila (~14 000) Yeast two-hybrnd 20405 T048 [49]
Yeast two-hybrd 1214 488 [14]

Worm (~20 000) Yeast two-hybnd 4027 1926 [68]

*For two-hybrd screens, the approximate number of unique binary interactions is shown. For co-APMS screens, the approximate number of binary
interactions that would result if each bait protein contacted every protein that co-purified with it (the “*hub and spoke™ model) is shown. Data can be
retrieved from one of the databases cited [42-44]

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.



Quality of the high-throughput interaction data
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sets of protein-protein interactions. Nature,

417, 399-403.



Quality of the high-throughput interaction data
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Retrieving protein relationships from the literature

(text mining)
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Retrieving protein relationships from the literature. iHop
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Robert Hoffmann & Alfonso Valencia. (2004). A gene network for navigating the literature. Nature Genetics 36, 664.

MDM2 is cleaved by Caspase 3 (CPP32) during apoptosis after aspartic acid-361, generating a 60 kd fragment.

These findings indicate that IR-induced apoptosis involves activation of CPP32 and that this CrmA-insensitive apoptotic pathway is [Z] =
distinct from those induced by LT3 and certain other stimuli.

H=

CAT1, CCR1, GLC2, HAF3, Saccharomyces cerevisiae

PAS14

SNF1

NCEI Protein NP_010765

The snf1 mutation also suppresses the glucose repression defects of reg1.

The SIP1 protein co-immunoprecipitated with SNF1 and was phosphorylated in vitro.

Here we show that Reg1 interacts with the Snf1 catalytic domain in the two-hybrid system.

Previous studies showed that Reg1 regulates the Snf1 protein kinase in response to glucose.

The SNF4 protein is physically associated with SNF1 and positively affects the kinase activity.

The Sip1 protein is known to undergo phosphorylation when associated in vitro with the Snf1 protein kinase.
Genetic evidence indicated that the catalytic activity of Snf1 negatively regulates its interaction with Reg1.

The SNF1 protein kinase and the associated SNF4 protein are required for release of glucose repression in Saccharomyces
cerevisiae.

We show that different sequences of Reg1 interact with Glc7 and Snf1.
In two-hybrid assays, one SNF4 mutation enhances the interaction between Snfd4 and Snf1.
Previously, we identified SIP1 and SIP2 as proteins that interact with SNF1 in vivo by the two-hybrid system.

Previous experimental evidence had indicated that Reg1 might target Glc7 to nuclear substrates such as the Snf1 kinase complex.

The catalytic subunits of Arabidopsis SnRKs, AKIN10 and AKIN11, interact with Snf4 and suppress the snfl and snf4 mutations in
yeast.

Pak1 associates with the Snf1 kinase in vivo, and the association is greatly enhanced under glucose-limiting conditions when Snf1 is b &
active.

We show that SNF4 binds to the SNF1 regulatory domain in low glucose, whereas in high glucose the regulatory domain binds to the
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In-silico prediction of protein interactions

a) phylogenetic profiles b) conservation of C) gene fusion
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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
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Gene Fusion
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Phylogenetic Profiles
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p; = -1/logE;

H(A) = - Zp(a) In p(a)
MI(A,B) = H(A) + H(B) - H(A,B)

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.
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Phylogenetic Profiles

Logic statement

C is present in a genome if and only if (iff)
A and B are both present

C is present iff Ais absent or B is absent
C is present iff Ais present or B is present
C is present iff Ais absent and B is absent

Cis present iff Ais present and B is absent, or
C is present iff Ais absent and B is present

C is present iff B is present or A is absent, or
C is present iff B is absent or A is present

C is present iff one of either A or B is present

C is present iff A and B are both present or
A and B are both absent

Cc

Proteins

Phylogenetic profiles

dHE R

Genomes

D

Type 1. Pilus assembly protein TadG (COG4961) is present in a genome if and

only if (IFF) pilus protein TadC (COG2064) and periplasmic protein TonB (COG0810)
are both present. TadG and TadC are members of the type IV pili that form
membrane associated filaments involved in bacterial pathogenicity. TonBis a
periplasmic protein linking the inner and outer membrane.

Biological examples of LAPP

Type 3. Shikimate 5-dehydrogenase (COGO0169) is present IFF 3-dehydroquinate
dehydratase Il (COGO0757) OR 3-dehydroquinate dehydratase (COG0710) is
present. The two dehydroquinate dehydratase protein families offer alternate and
equivalent enzymatic steps that immediately precede shikimate 5-dehydrogenase
in the synthesis of aromatic amino acids.

Type 5. An archaeal DNA-binding protein (COG1581) is present IFF an ATPase
involved in DNA repair (COG0419) is present and a mismatch repair ATPase (MutS
family, COG0249) is absent. These results suggest that COG1581 may play a role
in archaeal mismatch DNA-repair, complementary to the role of COG0419 in
bacteria.

Type 7. DNA-directed RNA polymerase, subunit K/omega (COG1758) is present
IFF one of either the DNA-directed RNA polymerase, subunit E' (COG1095) or the
RecG-like helicase (COG1200) is present. These data hint at possible activities for
the individual subunits of the DNA-directed RNA polymerase complex in eukaryotes,
archaea, and bacteria.

*Bowers, P.M., Cokus, S.J., Eisenberg, D. and Yeates, T.0. (2004) Use of logic relationships to decipher protein network organization.

Science, 306, 2246-2249.
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Interaction-based function prediction
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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.
*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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tol-mirrortree
Comparison with old methods

% false positives  ROC area

mirrortree 234 0.71
mirrortree with tree distances 21.9 0.73
tol-mirroriree 14.9 0.79

P(N) values (sign test):

N mirrortree | mirrortree tree dist. | ftol-mirrortree

mirrortree

mirrortree tree dist. 0.276

tol-mirrortree 5.60-10° 1.91-107°
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Co-HGT events
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Combination with other sources to increase reliability
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Combination of protein interactions with expression arrays
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