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Scientific Goals

 Capture PTM enzyme‐substrate

iPTMnet for Knowledge Discovery of PTM Networks
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ABI Development: Integrative Bioinformatics for Knowledge Discovery of PTM Networks 
(http://www.nsf.gov/awardsearch/showAward.do?AwardNumber=1062520) 



From Data to Knowledge Map
Literature‐based 
Experimental Data PTM Networkp
Substrate Kinase Site PMID

BAK1 BRI1 21593986
BAK1 Y‐610 21350342
BAK1 Y 610 21623975BAK1 Y‐610 21623975

BIK1‐pT237 T‐237 20018686

Kinase Substrate Site PMID

BAK1 BRI1 12150928
BIK1 T‐237 20404519
BON1 21623975
BIR1 21623975
FLS2 21593986
EFR 21593986

Substrate Methylase
Methylated protein 

interacts with
PMID

PP2A SBI1 BRI1‐P 21558554

h h l d

EFR
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Substrate
Phosphorylated 

residue Impact PMID
BKI1 tyrosine cytosol 21289069



Bioinformatics Framework
 Database for molecular and omics data integration: iProClass
 Text mining system for knowledge extraction from scientific literature: eFIPTM
 Ontologies for knowledge representation of specific protein PTM forms: PRO
 Web portal linking data and analysis/visualization tools for scientific queries 

(http://proteininformationresource org/iPTMnet)(http://proteininformationresource.org/iPTMnet) 

iProClasseFIPTM iProClasseFIPTM
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iProClass Database
• Data integration from >120 

molecular/omics databases
• Additional PTM and plant

Protein Sequence Gene/Genome
Structure Family Protein Sequence Gene/Genome
Structure Family

• Additional PTM and plant‐
specific databases to be 
integrated 

Phosphorylation and PTM
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F ti /P th – Phosphorylation and PTM: 
e.g., PhosPhAt and P3DB

– Plant interactome and PPI: 
e g AtPIN AtPID plant
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– Subcellular localization:  
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e.g., SUBA
The iProClass integrated database for protein functional analysis
Wu CH, Huang H, Nikolskaya A, Hu Z, Barker WC. (2004)
Computational Biology & Chemistry 28, 87‐96. [PMID:15022647] 5



RLIMS-P: Rule-based Literature Mining System for 
Phosphrylation (http://www.proteininformationresource.org/pirwww/iprolink/rlimsp.shtml) 

2. Report: Full annotation with evidence 
tagging and PMID mapping to UniProt

3. Name mapping searches BioThesaurus2

Extract phosphorylation objects 
(substrate, kinase, site) from PubMed

2

1. Summary table: PMIDs & 
top‐ranking annotation1

3p g1
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An online literature mining tool for protein phosphorylation
Yuan X, Hu ZZ, Wu HT, Torii M, Narayanaswamy M, Ravikumar KE, Vijay‐Shanker K, Wu CH. (2006) 
Bioinformatics 22, 1668‐1669 [PMID:16644790]



eFIP: an integrated system for mining Functional
Impact of Phosphorylation from literature

Gene/protein name recognition 
& document retrieval

eGRAB
Extraction of phosphorylation

Information
Mining function terms & 

grouping documents

eGIFT RLIMS-P Protein-protein interaction 
modules

PPI

Rule-based text mining data integration, 
eFIP document ranking & evidence tagging
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eFIP: a tool for mining functional impact of phosphorylation from literature
Arighi CN, Siu AY, Tudor CO, Nchoutmboube JA, Wu CH, Shanker VK. (2011)
Methods in Molecular Biology 694, 63‐75 [PMID:21082428]



eFIP to Mine Phosphorylation Network

1 Rank List
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eFIP to Mine Phosphorylation Network

2 Summary Table

3 Evidence Tagging
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Phosphorylation Network

FIP ( h h l ti )eFIP (phosphorylation) 
=> eFIPTM (extending to other PTMs)

10



Discovery from Literature Mining
• Distinct phosphorylated forms of a protein may have different interacting 

proteins, leading to different subcellular locations, functions and pathways
• Literature mining connects the impact (cytosolic vs mitochondria; apoptosis vs

ll i l) diff BAD f d h h ki li k BAD hcell survival) to different BAD forms, and, through kinases, links BAD to pathways.
• PTM network of enzyme‐substrate relationships and protein‐protein interactions 

mined from the scientific literature => iPTMnet with rich relations
• Knowledge gap: PTM specific annotation not captured in most sequence model• Knowledge gap: PTM‐specific annotation not captured in most sequence, model 

organism, or PPI databases.
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p = phosphorylation 
i = protien‐protein interaction 



Protein Ontology (PRO)
 PRO in OBO (Open Biological and Biomedical Ontologies)

– Reference Ontology for Proteins
– Capture knowledge about proteins to 

d l bi lmodel biology

 One of the first set of OBO Foundry ontologies

 Three sub‐ontologies
– Ontology for Protein Evolution (ProEvo): Captures protein classes reflecting 

evolutionary relatedness of proteins 
– Ontology for Protein Forms (ProForm): Captures different protein forms of a given 

gene locus from genetic variations, alternative splicing, proteolytic cleavage, PTMs
O l f i C l ( C ) d l h– Ontology for Protein Complexes (ProComp): Captures distinct complexes as they 
exist in different species and defines complexes through component proteins
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The Protein Ontology: a structured representation of protein forms and complexes
Natale DA, Arighi CN, Barker WC, Blake JA, Bult CJ, Caudy M, Drabkin HJ, D'Eustachio P, Evsikov AV, 
Huang H, Nchoutmboube J, Roberts NV, Smith B, Zhang J, Wu CH. (2011) 
Nucleic Acids Res. 39, D539‐545 [PMID:20935045]



PRO Hierarchical View
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PRO Cytoscape Network View
Connecting protein forms and complexes with annotation => Modeling biology
 Show full set of relationships between terms, including those  from other ontologies
 Traverse hierarchical (parent‐child) relationships
 Find all components of a complex, including modified forms
 Find all complexes that a protein is constituent of = first (complex) neighbors of a protein
 Find all complexes that bind small molecules = those that have relationship to ChEBIp p
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iPTM Network View

Need to capture  p
rich relations

15



Exploration of Protein Network
How a single molecule like CIB1 is able to regulate many diverse pathways and 
what is the consequence of this regulation to the overall cellular behavior    
=> Data Mining + Text Mining

I t t l l i t EXOSC10 i i l dI t t l l i t EXOSC10 i i l dIntact source, large scale experiment  EXOSC10 is involved 
in rRNA processing, and is localized to the nucleolus

PMID:15475008, 10366599, 16257512 
PSEN2 is involved in Alzheimer’s 
disease. When both proteins 
overexpressed promotes cell death
KEGG:hsa05010, hsa04330

PMID:16061695  
outcome: negative regulation of cell 
migration. Auto-phosphorylation of PAK1  
leading to its kinase activation.
KEGG:hsa04810, hsa04510, hsa04360

?

PMID:17414216 

ITGA2B

PMID:16418530 

?

KEGG:hsa04810, hsa04510
Intact source, large scale experiment  EXOSC10 is involved 
in rRNA processing, and is localized to the nucleolus

PMID:15475008, 10366599, 16257512 
PSEN2 is involved in Alzheimer’s 
disease. When both proteins 
overexpressed promotes cell death
KEGG:hsa05010, hsa04330

PMID:16061695  
outcome: negative regulation of cell 
migration. Auto-phosphorylation of PAK1  
leading to its kinase activation.
KEGG:hsa04810, hsa04510, hsa04360

?

PMID:17414216 

ITGA2B

PMID:16418530 

?

KEGG:hsa04810, hsa04510

Myristoylated
PMID:12881299, outcome: positive regulation of
cell migration, and platelet spreading.
KEGG:hsa04810, hsa04510, hsa04360

, ,

PMID:11756406 
outcome: integrin-associated cytoskeletal 
reorganization.
KEGG:hsa04810, hsa04510, hsa04360

GTP-bound

PMID:12023286 

?

Ca2+ bound
Myristoylated

PMID:12881299, outcome: positive regulation of
cell migration, and platelet spreading.
KEGG:hsa04810, hsa04510, hsa04360

, ,

PMID:11756406 
outcome: integrin-associated cytoskeletal 
reorganization.
KEGG:hsa04810, hsa04510, hsa04360

GTP-bound

PMID:12023286 

?

Ca2+ bound

CIB1CIB1

CIB1CIB1
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iPTMnet Use Cases
iPTMnet is designed to assist plant biologists for knowledge 

extraction and discovery of proteins undergoing various 
PTMs. It may provide answers for questions such as: 

• What PTMs of a protein of interest are known? 
• What specific enzymes (kinases methylases etc ) are known to modifyWhat specific enzymes (kinases, methylases, etc.) are known to modify 

a given protein? 
• What substrates are known for a given PTM enzyme? 
• What interacting partners are known for each PTM form of a given• What interacting partners are known for each PTM form of a given 

protein? 
• What protein modifications and enzymes are known in a given 

signaling pathway?signaling pathway? 
• In addition, iPTMnet can be used to generate training sets for PTM site 

prediction methods.
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Contribute to iPTMnet

To capture expert knowledge and enrich the PTM 
network/pathway map for proteins of interestnetwork/pathway map for proteins of interest

• Validating text mining results
In the text mining result page, use check boxes to indicate correct or wrong 
annotations as appropriate. In this way we can present the validated result 
to the public after editorial checking.

• Input user annotationsp
Use the Race‐PRO interface to add information about a protein and its 
modification(s) based on literature evidence. The contribution will be 
reflected in the Protein Ontology (PRO) with appropriate source attribution, gy ( ) pp p ,
and linked from iPTMnet. 
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