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Protein-Protein Interaction (PPI)  

Martin Krallinger, Florian Leitner, Miguel Vazquez, Alfonso Valencia (2010) 

1. Background and motivation 

Specific physical contacts with molecular binding between proteins, both 
transient as well we stable contacts. 
 
PPI information: literature, large scale experiments, bioinformatics  
predictions 
 
Public repositories integrate information from large- and small-scale  
PPI experiments reported in the scientific literature 
 
Pathguide contains information about 325 biological pathway related  
resources and molecular interaction related resources (pathguide.org) 
 
Annotation effort shared by various interaction databases: BioGRID, MINT,  
BIND, CORUM, DIP,HAPPI,HPRD,I2D,InnateDB,IntAct,InteroPorc, iRefIndex, 
iRefWeb, MatrixDB,MIPS, PC, PIMRider   
 
Common vocabulary and standards to improve consistency and 
Efficiency of PPI annotations: PSI-MI 
 
 



1. Background and motivation 

PPI Databases  

De Las Rivas J, Fontanillo C. Protein-protein interactions essentials: key concepts to building and analyzing interactome networks. PLoS 
Comput Biol. 2010 Jun 24;6(6):e1000807. 



BioNLP applications 

Krallinger,M. Leitner, F. and Valencia,A. Analysis of biological processes and diseases using text mining 
approaches. Bioinformatics Methods in Clinical Research. Methods in MolecularBiology 593, To appear  
 

http://zope.bioinfo.cnio.es/bionlp_tools 
Krallinger M, Valencia A, Hirschman L.  Linking genes to 
literature: text mining, information extraction, and retrieval 

applications for biology. Genome Biol. 2008;9 Suppl 2:S8.  
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Biocuration workflows : Tasks & curation pipeline 

Krallinger, Martin. A Framework for BioCuration Workflows (part II). Available from Nature Precedings <http://dx.doi.org/10.1038/npre.2009.3126.1> (2009) 

1. Background and motivation 
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1. Background and motivation 

BioGRID Biocuration workflow  

Provided by Andrew Winter (http://wiki.thebiogrid.org/doku.php/curation_description) 
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1. Background and motivation 

Krallinger,M. Rodriguez-Penagos,C. Leitner,L. and Valencia,A.: Text mining biological interaction annotations in the context of the 
Semantic Web  Proceedings of the Network Tools and Applications in Biology (NETTAB) workshop (2007) pp. 47-53  

ACT  
IMT 



ACT: Article categorization task 

 

•  Binary classification of recent PubMed abstracts as PPI relevant  
•  Predictions provided together with a confidence score in the ]0..1] range 
•  Evaluation based on AUC iP/R (also additional analysis, f-score, accuracy) 
•  NOT balanced set, abstracts, journals of biocuration interest 
•  Exhaustive manual revision by three domain experts and refinement based  
  on database curators of BioGRID and MINT 
•  IAA pairwise percentage agreement between MINT & BioGRID 95%. 
•  Article ID ➠ Class ➠ [Rank ➠] Confidence 

TRAINING SET 
(Balanced) 

total size: 2280 
 

+ PPI: 1140 
Not PPI: 1140 

proportion: 50% 

DEVELOMENT SET 
(Unbalanced) 

total size: 4000 
 

+ PPI: 682 
Not PPI: 3318 

proportion: 17.05% 

TEST SET 
(Unbalanced) 

total size: 6000 
 

+ PPI: 910 
Not PPI: 5090 

proportion: 15.17% 

3. Interaction Article Task 



3. Interaction Article Task 

ACT participating teams 

TEAM LEADER INSTITUTION # RUNS ONLINE 

65 Fabio Rinaldi University of Zurich 
5 N 

70 Sérgio Matos Universidade de Aveiro, IEETA 
5 N 

73 W John Wilbur NCBI 
5 N 

81 Luis Rocha Indiana University 
10 Y 

89 Shashank Agarwal University of Wisconsin-Milwaukee 
10 Y 

90 Xinglong Wang National Centre for Text Mining 
5 N 

92 Keith Noto Tufts University 
1 N 

100 Zhiyong Lu NCBI\NLM\NIH 
4 N 

104 Jean-Fred Fontaine Max Delbrück Center 
5 N 

88 Ashish Tendulkar IIT Madras 
2 N 

•  10 Teams, 52 runs, two teams also submitted online runs 



3. Interaction Article Task 

MyMiner manual  
classification 



3. Interaction Article Task 

AUC iP/R 
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3. Interaction Article Task 

TEAM & RUN AUC iP/R 

T73_RUN_4 0.6798 

T73_RUN_2 0.6796 

T73_RUN_1 0.6591 

T73_RUN_3 0.6589 

T73_RUN_5 0.6537 

T90_RUN_3 0.6524 

T65_RUN_2 0.6389 

T65_RUN_1 0.6385 

T100_RUN_4 0.6375 

T65_RUN_5 0.6239 

T89_RUN_2 0.6213 

T100_RUN_2 0.6186 

T100_RUN_1 0.6162 

T89_RUN_1 0.6129 

T89_RUN_3 0.6048 

TEAM & RUN F-SCORE 

T73_RUN_4 0.6142 

T73_RUN_2 0.6132 

T73_RUN_1 0.6083 

T89_SRVR_8 0.608 

T73_RUN_5 0.6033 

T73_RUN_3 0.6014 

T65_RUN_2 0.5982 

T90_RUN_3 0.5964 

T89_RUN_5 0.5958 

T100_RUN_2 0.5949 

T90_RUN_2 0.5901 

T90_RUN_1 0.5873 

T90_RUN_5 0.5829 

T90_RUN_4 0.5744 

T92_RUN_1 0.5722 



3. Interaction Article Task 

TEAM & RUN ACCURACY 

T73_RUN_2 0.8915 

T90_RUN_4 0.8893 

T73_RUN_4 0.8888 

T100_RUN_1 0.8877 

T90_RUN_1 0.8873 

T90_RUN_2 0.887 

T65_RUN_1 0.8868 

T90_RUN_5 0.886 

T90_RUN_3 0.8832 

T100_RUN_2 0.8827 

T65_RUN_5 0.88 

T65_RUN_2 0.8793 

T73_RUN_3 0.8778 

T89_RUN_4 0.8773 

T73_RUN_5 0.8762 

TEAM & RUN MCC 

T73_RUN_2 0.55306 

T73_RUN_4 0.55054 

T73_RUN_1 0.53524 

T89_SRVR_8 0.53336 

T73_RUN_5 0.53031 

T73_RUN_3 0.52932 

T90_RUN_3 0.52914 

T90_RUN_2 0.5289 

T90_RUN_1 0.52736 

T100_RUN_2 0.52732 

T65_RUN_2 0.52727 

T90_RUN_4 0.52237 

T90_RUN_5 0.52204 

T89_RUN_5 0.52082 

T65_RUN_5 0.50255 



3. Interaction Article Task 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

F-score 

A
U

C
 iP

/R
 



3. Interaction Article Task 

Team 65 Run 2 



3. Interaction Article Task 

Team 73 Run 4 



3. Interaction Article Task 

Team 90 Run 3 



3. Interaction Article Task 

•  A considerable number used supervised learning methods (also one 
applied semi-supervised learning). 
•  Methods: SVM, naïve Bayes, logistic regression, max. entropy. 
•  Not general correction for class imbalance (some added negative 
examples from closely related articles in PubMed). 
•  Explored features: PSI-MI, MeSH, BioLexicon, authors, journal, 
institutions, bigrams, POS tagging, NER (genes, proteins, organisms), 
interaction terms 

Overview of participating ACT methods 



3. Interaction Article Task 

•  Participants could generate competitive enough results to make their systems 
useful for improving the PPI curation pipeline 
•  Could be used to score the abstracts of the most relevant journals for 
biocuration 
•  Also true ambiguity in some cases for humans 
•  Evaluation of participating submissions against each of the three curators 
individually as well as against BioGRID/MINT classified subset of test set 
•  Analysis of efficiency in terms of curation time saved by using these systems 
•  Need of online availability annotation servers 
•  Combined system seems to increase performance 

Conclusions & Outlook 



4. Interaction Method Task 

IMT: Interaction Method Task 



IMT: Interaction Method Task 

 

•  Interaction detection Methods are important as evidential qualifier for PPIs 
•  Standardized vocabulary and ontology for formalizing the concepts relevant  
  for experimental methods used to characterize PPI methods (PSI-MI). 
•  Return ranked list of PSI-MI identifiers: interaction detection method subset. 
•  Comparison between the automatically generated results and the manual  
   annotations generated by BioGRID and MINT database curators 
 
 Article ID ➠ PSI-MI Id ➠ [Rank ➠] Confidence ➠  Evidence Text 
 
 Provide textual evidence passage for human interpretation 

4. Interaction Method Task 

IMT results are to be returned in six tab-separated columns, consisting of: 
 
   1. Article identifier 
   2. Interaction Detection Method MI identifier 
   3. Unique rank in the range [1..N], where N is the total number of hits for that article. 
   4. Confidence for that concept in the range ]0..1], i.e., excluding zero-confidence. 
   5. Evidence string (max 500 characters) derived from the full text paper 



 

4. Interaction Method Task 

IMT: Annotation granularity 



 

4. Interaction Method Task 



 

4. Interaction Method Task 

PSI-MI 2.5 Ontology 
Articles 



IMT data sets 

 

             TRAINING SET 
 
Total nr. articles: 2003 
Unique PSI-MI IDs: 86 
Total PSI-ID-article links: 4348 
Avrg IDs/article: 2.17 

4. Interaction Method Task 

             DEVELOPMENT SET 
 
Total nr. articles: 587 
Unique PSI-MI IDs: 71 
Total PSI-ID-article links: 1316 
Avrg IDs/article: 2.24 

             TEST SET 
 
Total nr. articles: 223 
Unique PSI-MI IDs: 46 
Total PSI-ID-article links: 528 
Avrg IDs/article: 2.36 

Total subset of 115 PSI-MI terms 



4. Interaction Method Task 

0 0.05 0.1 0.15 0.2 

pull down 
anti tag coimmunoprecipitation 

fluorescence microscopy 
anti bait coimmunoprecipitation 

two hybrid 
surface plasmon resonance 

protein kinase assay 
x-ray crystallography 

molecular sieving 
fluorescent resonance energy 

tandem affinity purification 
nuclear magnetic resonance 

competition binding 
isothermal titration calorimetry 

affinity chromatography 
cosedimentation through density 

far western blotting 
enzyme linked immunosorbent 

confocal microscopy 
cross-linking study 

enzymatic study 
fluorescence technology 

peptide array 
protease assay 

cosedimentation in solution 
filter binding 

light scattering 
phosphatase assay 

Test 

Development 

Train 



TEAM LEADER INSTITUTION 

65 Fabio Rinaldi University of Zurich 

69 Robert Leaman Arizona State University 

70 Sérgio Matos Universidade de Aveiro, IEETA 

81 Luis Rocha Indiana University 

88 Ashish Tendulkar IIT Madras 

89 Shashank Agarwal University of Wisconsin-Milwaukee 

90 Xinglong Wang National Centre for Text Mining 

100 Zhiyong Lu NCBI\NLM\NIH 

IMT participating teams 

•  8 Teams, 42 runs, two teams also submitted online runs 

4. Interaction Method Task 
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4. Interaction Method Task 

TEAM & RUN AUC iP/R 

T90_RUN_3 0.52974 

T69_RUN_1 0.52112 

T69_RUN_2 0.51844 

T69_RUN_3 0.5147 

T69_RUN_4 0.51013 

T65_RUN_5 0.50111 

T69_RUN_5 0.4939 

T89_SRVR_6 0.48047 

T65_RUN_1 0.47884 

T89_RUN_5 0.47807 

T65_RUN_3 0.4765 

T89_SRVR_5 0.4765 

T89_SRVR_4 0.47636 

T89_SRVR_8 0.47534 

T89_SRVR_7 0.47392 

TEAM & RUN AUC iP/R 

T90_RUN_3 0.35423 

T69_RUN_1 0.34302 

T69_RUN_2 0.33824 

T69_RUN_3 0.32539 

T69_RUN_4 0.31711 

T89_SRVR_6 0.30049 

T89_SRVR_5 0.30046 

T89_RUN_5 0.2998 

T89_SRVR_4 0.29926 

T89_SRVR_8 0.29766 

T69_RUN_5 0.29373 

T89_SRVR_7 0.29303 

T89_RUN_4 0.2922 

T65_RUN_5 0.29016 

T89_RUN_2 0.28589 

M
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ro
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ge
d M

icro-averaged 
AUC iP/R: Area under the interpolated precision/recall 



4. Interaction Method Task 

TEAM & RUN F1 score 

T69_RUN_4 0.5506 

T90_RUN_3 0.54616 

T69_RUN_3 0.54454 

T69_RUN_5 0.54354 

T69_RUN_2 0.53415 

T69_RUN_1 0.52392 

T89_RUN_5 0.52377 

T89_SRVR_6 0.5235 

T89_SRVR_4 0.52112 

T90_RUN_5 0.52021 

T70_RUN_3 0.51508 

T90_RUN_4 0.51355 

T89_RUN_4 0.51254 

T90_RUN_2 0.51203 

T89_SRVR_5 0.50962 

TEAM & RUN F1 score 

T90_RUN_3 0.55117 

T69_RUN_2 0.5392 

T69_RUN_3 0.53589 

T69_RUN_1 0.53506 

T69_RUN_4 0.5304 

T89_RUN_5 0.52381 

T89_SRVR_6 0.52232 

T89_SRVR_4 0.52157 

T89_RUN_4 0.51167 

T89_SRVR_5 0.51163 

T89_SRVR_7 0.51013 

T89_SRVR_8 0.51011 

T69_RUN_5 0.50998 

T89_RUN_1 0.50977 

T90_RUN_2 0.50591 

M
ac

ro
-a

ve
ra

ge
d M

icro-averaged 
F1 Score 



4. Interaction Method Task 

Precision vs recall (macro-averaged) 

Recall 
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Precision vs recall (micro-averaged) 

Recall 

P
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‘Easier’ methods 

4. Interaction Method Task 

Method Nr. Articles average TP average FN average FP 

pull down 98 44.07 53.93 30.10 
anti tag 
coimmunoprecipit
ation 66 33.60 32.40 63.17 
anti bait 
coimmunoprecipit
ation 60 29.83 30.17 69.45 

two hybrid 30 18.33 11.67 29.57 
surface plasmon 
resonance 19 12.55 6.45 14.29 
coimmunoprecipit
ation 51 8.95 42.05 23.12 
fluorescence 
microscopy 61 7.69 53.31 16.26 
fluorescent 
resonance energy 
transfer 11 6.93 4.07 17.90 
x-ray 
crystallography 14 6.90 7.10 25.19 
protein kinase 
assay 15 4.55 10.45 18.81 
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4. Interaction Method Task 

Method Nr. Articles average TP average FN average FP 

pull down 98 44.07 53.93 30.10 
anti tag 
coimmunoprecipit
ation 66 33.60 32.40 63.17 
anti bait 
coimmunoprecipit
ation 60 29.83 30.17 69.45 

two hybrid 30 18.33 11.67 29.57 
surface plasmon 
resonance 19 12.55 6.45 14.29 
coimmunoprecipit
ation 51 8.95 42.05 23.12 
fluorescence 
microscopy 61 7.69 53.31 16.26 
fluorescent 
resonance energy 
transfer 11 6.93 4.07 17.90 
x-ray 
crystallography 14 6.90 7.10 25.19 
protein kinase 
assay 15 4.55 10.45 18.81 



Example TP prediction 

4. Interaction Method Task 

['19056683', 'MI:0018', '2', '0.9985588388335134', 'TP53INP2 
Interacts with GABARAP and GABARAP-like2 Proteins 
Proteins interacting with TP53INP2 were identi\xef\xac\x81ed 
by yeast two-hybrid screening of a HeLa cDNA library.\n'] ['two 
hybrid', '2 hybrid', '2-hybrid', '2H', '2h', 'classical two hybrid', 
'Gal4 transcription regeneration', 'two-hybrid', 'yeast two hybrid'] 



‘Intermediate’ cases 

4. Interaction Method Task 

['19741093', 'MI:0096', '2', '0.327747', 'loaded onto an SDS - PAGE gel for Western 
blot analysis . Figure 1 . GST - Apl5 - ear binds HOPS subunits . Pulldowns on 
GSTApl5 - ear resin were performed as described ( see Materials and Methods ) 
with 150 OD600 nm ml of] ['pull down'] 
 
['19218236', 'MI:0096', '1', '0.668406', 'due to the bridging effect of SirT1 ( see 
below ) . In an in vitro binding assay , GST - DBC1 efficiently pulled down in vitro - 
translated SUV39H1 ( Fig. 2b ) , suggesting that the binding is a direct interaction . 
These '] ['pull down'] 
 
['18625238', 'MI:0114', '3', '0.557822', 'helix in the EF loop ( Leu63 - Ala65 ) . CHIR 
- AB1 forms homodimers Although the CHIR - AB1 protein used for crystallization 
was purified from the monomeric peak , crystal packing created a symmetric CHIR 
- AB1 dimer in which residues \n'] ['x-ray crystallography', 'X-ray', 'x-ray diffraction'] 
 
 



‘Difficult’ cases 

4. Interaction Method Task 

['19481529', 'MI:0424', '1', '0.630389', 'phosphorylated Ser437Ala mutant , 
suggesting phosphorylation of PACS-2 Ser437 was required for binding 14-3-3 
proteins . We then conducted a fluorescence polarization assay to determine 
quantitatively whether phosphorylated'] ['protein kinase assay'] 
 
['18922473', 'MI:0006', '2', '0.472072315860236', 'Interaction between the 
endogenous TRAF6 and TAK1 in AML12 cells as determined by  
immunoprecipitation with anti - TAK1 antibody , followed by anti - TRAF6 Western 
blot . The TGF - \xce\xb2 treatment was for 30 minutes and the total rabbit IgG \n'] 
['anti bait coimmunoprecipitation', 'anti bait coip'] 
 



Overview of participating systems: BioNLP methods 

4. Interaction Method Task 

•  Most teams used the provided PDF to text conversions 
•  A considerable fraction carried out some sort of preprocessing and sentence 
splitting. 
•  Several different supervised models used: 2 SVM, 2 Logistic regressions, 
naïve Bayes, random forest, decision tree, KNN. 
•  Most teams able to provide proper scores/ranks. 
•  Few teams made use of ontological relationships 
•  Few carried out NER for genes or organisms 
•  A couple of teams expanded training set of MINT and IntAct database content 
•  Most expanded the dictionary with additional synonyms 



IMT Discussion & conclusions 

4. Interaction Method Task 

Main difficulties relate to the range of different expressions that may refer to a given 
experimental method, handling PDF articles, heterogeneous journal composition 
 
Some methods can be used in other context that are not PPI relevant 
 
Some methods terms/acronyms are ambiguous (e.g. 2H or CD) 
 
Complexity to mapping to the right granularity of terms in the ontology 
 
Importance of evidence passages for human interpretation  
 
Use of method task for quick filtering of relevant articles and to improve retrieval 
of experimental qualifiers for PPI 
 
Assist PPI databases in the method annotation 
 
Tools need to be available  
 



IMT: Interaction Method Task 

4. Interaction Method Task 

Results from 
Automated systems All methods 

mentioned/ 
referred to in the  

article 

Methods experimentally 
supporting PPI 



PPI Task Conclusions 
BCIII tasks addressed relevant aspects for both database curators 
as well as general biologists 
 
Provided a large training, development and test set collection 
 
The classification of PPI relevant abstracts using participating 
systems is useful to improve the selection or relevant articles for 
Database curators and biologists. 
 
Need of systems to be accessible online 
 
ACT systems can decrease considerable the manual selection time 
Of relevant documents 
 
Additional text-based annotations needed for improving the systems 
 
 

4. Conclusions & outlook 
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