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Abstract 
Annotation of protein phosphorylation information has been the focus of many biological 
knowledge bases. To support the literature-based curation of phosphorylation information, an 
information extraction (IE) system, named RLIMS-P, has been developed, which extracts protein 
phosphorylation information from biomedical literature. The system has been recently 
redesigned as RLIMS-P v2 and a new online curator website has been developed. The new 
website offers improvements for curation functionalities, including PubMed-style keyword 
search of extracted information, multiple views of retrieved information and their downloading, 
editing of automatically gathered information, and entity normalization. Curators from 
Phospho.ELM, Protein Ontology (PRO), and BioGrid were recruited to test the website in the 
BioCreative Track 5 - User Interactive Task (IAT). We expect the new website can be a useful 
tool for biocurators to search relevant literature and annotate phosphorylation information. Final 
results from the current evaluation test will be presented at the workshop. 
 
Introduction 
The reversible phosphorylation of proteins is central to the regulation of most aspects of cell 
function. The flow of molecular information through signaling pathways frequently depends on 
protein phosphorylation mediated by specific kinases that recognize and phosphorylate specific 
sites in the target proteins (1). In many cases, deregulation of the kinase-substrate network has 
been linked to disease, including cancer (2). Given its relevancy, protein phosphorylation has 
been an active research area as well as the focus of curation in multiple knowledgebase, such as 
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Protein Ontology (PRO)1, PhosphoSitePlus2, Phospho.ELM3, and UniProt Knowledgebase 
(UniProtKB)4. To support review of relevant literature by biocurators, a rule-based information 
extraction (IE) system, named RLIMS-P, has been developed in our group (3,4). The system is 
designed to identify protein phosphorylation information reported in biomedical literature and it 
extracts entities involved in the phosphorylation event (kinase, substrate, and site). Recently the 
system has been revised as RLIMS-P v2 and applied to the entire MEDLINE. To make the large 
amount of information extracted from MEDLINE, a web interface for biocurators has also been 
redesigned. The new web interface allows users to search, retrieve, edit, and manage protein 
phosphorylation information online. In addition, we have integrated gene normalization results 
obtained with GenNorm (5) and the bibliography mapping information available in UniProtKB 
(6) in this web interface. 
 
Based on the new interface design, we set up a curator website for BioCreative Track 5 - User 
Interactive Task (IAT). In this report, we describe this curator website, and introduce the data 
and the curation tasks considered for the IAT task. 
 
Material and Methods 
 
RLIMS-P system 
RLIMS-P is a rule-based IE system designed to extract a kinase, a substrate, and a site that are 
involved in a phosphorylation event. The system consists of several text processing modules, 
including (i) a shallow parser that syntactically analyzes input sentences, (ii) a term classifier that 
identifies semantic categories of phrases, e.g., identification of protein names, (iii) a pattern-
based IE engine that extracts entities involved in the target event, and (iv) an additional IE 
component that identifies an event reported across multiple sentences. This system!has been 
recently redesigned as RLIMS-P v2 (7). One of the enhancements in the new system includes a 
design of the IE engine that eases management of extraction patterns. The new system can cover 
a large number of extraction patterns through combination of pattern fragments, instead of 
requiring a large set of complex patterns. Sentence simplification techniques in the original 
system, which improve pattern matching, were extended for the new design, based on the  recent 
work in the group (8). RLIMS-P v2 was evaluated in different settings and F-scores for the 
extraction task were over 90%. For further information about RLIMS-P v2 and its evaluation 
results, readers may refer to (7). 
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1 http://pir.georgetown.edu/pro 
2 http://www.phosphosite.org 
3 http://phospho.elm.eu.org 
4 http://www.uniprot.org 
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The database 
Phosphorylation information extracted from the MEDLINE archive using RLIMS v2 is stored in 
a database. Normalization of protein names obtained using GenNorm (5) is integrated in this 
database. In addition, the bibliography mapping service of PIR/UniProt is used to associate 
extracted information with UniProtKB entries. The resulting database is incrementally updated 
weekly in synch with MEDLINE citations in PubMed. The database initially built using the 2013 
release of the MEDLINE archive contains phosphorylation information extracted from 165,840 
abstracts, and links to 43,329 UniProtKB entries.  
 

 
 

Figure 1-Snapshot of the main pages in RLIMS-P website; namely search, result table, and text evidence. 
1-6 refer to the functionalities listed in the main text. 
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The web interface 
For BioCreative IV - IAT task, a new curator website has been set up 
(http://research.bioinformatics.udel.edu/text_mining/rlimsp2/). The website (Figure 1) supports 
the following functionalities:  

1. Search and retrieval of phosphorylation information gathered by RLIMS-P using the 
PubMed-style query, as well as the query by PMIDs; 

2. Display of a query result (a table of kinase, substrate, and site) with different ‘view’ 
options (e.g., group by kinase, substrate, or PMID) as well as sorting options; 

3. Display of text evidence (MEDLINE abstracts with highlighted entities); 
4.  Provision of protein normalization information for kinases and substrates using 

GenNorm, a state-of-the-art normalization tool (5); 
5. A user login for editing, saving and exporting curated annotations; 
6. Downloading of phosphorylation information in the CSV format, and that of evidence 

text in the BioC format (9); 
7. Support of different browsers: Google Chrome, Mozilla Firefox, Internet Explorer 9, and 

Safari. 
These functionalities as well as the usage of the website are described in a help document 
(http://research.bioinformatics.udel.edu/text_mining/rlimsp2/files/RLIMSP_help.pdf). The 
website has been developed with the help of PRO curators, but it is intended for a broader 
curation community, not limited to PRO curation. 
 
The BioCuration task 
Three curators were recruited to test the RLIMS-P website. They are domain experts with 
experience on kinase-substrate event annotation, specifically annotation for Phospho.ELM, PRO, 
and PhosphoGRID/BioGRID databases. Curation guidelines were developed and they describe 
which entities should be captured (kinase, substrate and site) and how they should be normalized, 
along with exercises to get familiar with the curation criteria and the interface                       
(http://research.bioinformatics.udel.edu/text_mining/rlimsp2/files/RLIMSP_guidelines.pdf). The 
curation task requested is summarized below: 

1. Given a set of 50 PMIDs, fill in the tuples of kinase, substrate and site with normalization 
information. Perform this task on a half of this collection using the curator website and on 
the other half without using it. The curator records the annotation results along with 
UniProtKB identifiers where possible. The curator will record the time spent. 

2. Complete the user survey (http://ir.cis.udel.edu/biocreative/survey2.html). 
All the annotation results will be reviewed by a senior PRO curator and the performance of the 
RLIMS-P system will be measured using standard performance measures, such as precision and 
recall. We should also examine the time spent for the manual curation and that for the RLIMS-P-
assisted curation.  
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The datasets 
Three datasets tailored to the participating curators were prepared as below. 
 
Dataset 1 
The first dataset was prepared for the PhosphoGRID/BioGRID curator. This dataset includes 
articles with phosphorylation information on yeast, published between 2012 and 2013. The 
selection of 50 PMIDs was based on the PubMed query: ("2012/01/01"[Date - 
Publication] : "3000"[Date - Publication]) AND (saccharomyces OR 
yeast) AND phosphory*. The retrieved results were inspected to confirm that the contents 
were appropriate for the curation task. 
 
Dataset 2 
The second dataset was prepared for the Phospho.ELM curator. This dataset was compiled for 
any kinase-substrates relation reported in articles published in 2013. The selection of 50 PMIDs 
were based on the PubMed query: ("2013/01/01"[Date - Publication] : 
"3000"[Date - Publication]) AND kinase AND phosphory*. Again, the 
retrieved results were inspected so that the contents were appropriate. 
 
Dataset 3 
The third dataset was prepared for the PRO curator. This set contained a subset of abstracts from 
Dataset 1 (11) and a subset from Dataset 2 (36), and the remaining ones were collected from 
literature related to transient potential receptors (TRP).  
 
Results and Discussion 
The original RLIMS-P system had been used for PRO curation of protein forms (10,11), 
Phopho.ELM curation (12), and pathway curation (13). It had also been used to provide 
information for another text-mining system, eFIP, which extracts functional impact of 
phosphorylation events (14,15). We expect that the enhancements in RLIMS-P v2 and the new 
curator website described in this report can further help curators to annotate phosphorylation 
information or a text mining tool based on RLISM-P to extract biomedical knowledge. Final 
results from the current evaluation test will be closely examined and our analyses as well as the 
obtained results will be presented at the workshop.  
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