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Abstract: 

In this paper research has been done on how different techniques can be used to identify and extract the experimental mentions of 

Protein-Protein Interaction Methods (PPIM) from the large scale biological data collected and stored in the biomedical databases. 

Novel approaches are implemented to obtain efficient results and to tackle the problems arising in the process of automatic 

extraction of PPIMs. The work is based on Question Answer (QA) model where user asks question related to protein interaction 

methods and obtain relevant answer. 
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I. INTRODUCTION 

 

Proteins are very important part of a cell. Proteins are 

responsible for most of the biological functions taking place in 

our cell. Large number of proteins can‟t act alone they have to 

interact with some or the other protein in order to carry out 

their function. This physical interaction occurring between two 

or more protein molecules which results in the functioning of 

almost every cellular process is known as Protein-Protein 

Interaction (PPI) and the methods used to identify proteins that 

interact and to understand the strength of the interaction are 

called as Protein-Protein Interaction Methods (PPIMs). There 

are large number of experimental methods for detecting 

protein-protein interaction and detect new interactions. PPIMs 

are responsible for study of various biological phenomenons in 

organisms such as gene expression, proliferation, cell growth, 

intercellular communication drug discovery etc. The research 

articles about PPIM and PPI are published across multiple 

scientific publications or the biomedical databases. The number 

of research articles stored in the biomedical databases is 

increasing at an extensive rate. Due to such extensive growth of 

the biomedical data it becomes challenging to keep up to date 

with all the new upcoming discoveries and hence there is great 

demand in text mining and retrieving relevant information from 

the biomedical literatures. Biomedical researchers doing 

studies on PPIMs and PPIs with available existing research can 

take their research to the next level to the path of practical 

application. There is a wide diversity in how the Protein-

Protein Interaction Methods are mentioned in the huge 

database of biomedical articles,  manually detecting and 

indentifying them is tedious and a time consuming task and 

hence their automatic extraction is of great demand. The 

amount of biomedical data related to proteins and their 

interaction is enormous it becomes difficult for the research 

scholars to look for the required protein- protein interaction 

methods and related information. So we propose a model that 

automatically extracts Protein-Protein Interaction Methods 

from the biomedical literatures. In this paper the Protein-

Protein interaction extraction model implemented is discussed 

and techniques of passage retrieval and relevant paragraph 

ranking such as Vector space model and Bayesian model are 

studied. 

 

II. RELATED WORK 

 

S field [1] did research on different biomedical interaction 

methods and genetic interaction methods used for analysis of 

the protein-protein interaction and a study of the usefulness 

and advantages and disadvantages was done. Jhon Atkinson 

[4] came up with a question answer and topic based model for 

identification of experimental mention of protein-protein 

interactions in the biomedical literatures. Latent Drichlet 

Allocation and QA techniques were used for detecting PPIMs 

mentions. His-Chieh Lee [3] conducted a study on finding 

protein-protein interaction from literatures available on the 

internet. In the paper statistical techniques to find 

discriminating words for protein-protein interaction were used. 

Thresholds were evaluated to find if the articles are related to 

protein-protein interactions. Methods for identification of 

protein names were also developed. Raymond Van [2] used 

vector space model and query level aspect models to carry out 

paragraph level and passage level retrieval of from the HTML 

biomedical full text collection. Luis M. de Campos [5] 

proposed a probabilistic model for document retrieval based 

on Bayesian Networks. The network was used to find the 

relevance of document given a query. Document retrieval was 

tested on several document collections. Mari Vallez [7] 

conducted study on different natural language processing 

techniques that can be used for information retrieval from 

textual data and also discussed the problems related to 

automatic natural language processing. 

 

III. PROTEIN-PROTEIN INTERACTION METHOD 

EXTRACTION MODEL 

 

The Protein-Protein interaction extraction model follows the 

question answer model. Where the user ask question and 

answer retrieval process is guided by the information extracted 

from the user‟s question. 
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The following block diagram depicts the working of the 

model: 

 
Figure.1. Block diagram for PPIM extraction model 

 

The model is made up of three major parts: Query Processing, 

Document Retrieval and Paragraph Retrieval which follows 

Relevance Ranking of paragraphs using Vector space and 

Bayesian network technique. 

 

A. Query Processing 

 The Biomedical Researcher poses a question related to 

Protein-Protein Interaction between two or more proteins. This 

natural language question will be provided as input to the 

model which will be used to obtain relevant answers, which 

will help the biomedical researchers in identifying the protein 

interaction methods used by the proteins to interact with one 

another. This user query will be processed and analyzed and 

only proper nouns (not pronouns) which will be the protein 

names will be extracted as keywords and also the verb 

describing that some interaction communication is taking place 

between the proteins will also be extracted as keywords from 

the user question. In order to extract the verbs and the nouns 

from the user question we make use of Stanford tagger. 

Stanford tagger is a part of speech tagger which takes in the 

query as input and tags each word of the query with its 

corresponding part of speech. Out of which only the words 

tagged as proper noun and verb will be extracted as keywords 

and words tagged with any other part of speech will be 

discarded and this extracted key terms will be used to aid the 

document search task. The verb word used in the question 

which describe that some interaction is taking place between 

the proteins may be mentioned in different way  in different 

research articles by the researchers hence not only the exact 

verb term from the question but also the synonyms of the verb 

term should be considered as keyword to look for the relevant 

documents. We make use of the WorldNet database which is 

like a thesaurus to find the synonyms of the verb term from the 

question and those synonyms obtained using WorldNet will 

also be include in the key terms list 

 

B. Document Retrieval 

The extracted keywords i.e. the nouns and the verb words and 

its synonyms are used for document search. We take a set of 

Protein-Protein Interaction research articles from the PubMed 

database and also take a list of protein names and make use of 

the inverted index technique to create an inverted index of 

documents containing the protein names. Inverted Index is 

created for more efficient search of the biomedical documents. 

The key terms are normalized and the extracted keywords (only 

protein names) are searched in the inverted index. Documents 

containing only the extracted protein names keywords from the 

question will be considered as relevant document. Those 

documents will be than further processed and searched for the 

verbs and the synonyms are extracted from the question. The 

documents which do not contains all or even one of the key 

terms will be discarded and the documents which contain all 

the key terms will be selected as relevant documents and will 

be provided as an input to the next paragraph retrieval task. 

 

C. Paragraph Retrieval 

Once the candidate answer documents are retrieved, 

paragraphs containing the answer should be extracted from the 

documents. From the documents retrieved by the document 

search step we separate the content of each document into its 

component paragraphs. Each paragraph is than processed and 

paragraph containing all the key terms are selected and those 

paragraphs are than ranked based on their relevance containing 

the most relevant answer for the user query. Two techniques 

were used for the relevance ranking of the paragraphs: 

 

1) Vector Space Model(VSM) 

Vector Space model is a term frequency inverse term frequency 

model which is used here for relevance ranking of the 

paragraphs obtained from the paragraph retrieval step. This 

technique helps us to compute the continuous degree of 

similarity between the question asked by the user and the 

paragraphs retrieved. We take all the key terms from the 

question and try retrieving the paragraph which is most 

relevant and contains the candidate answer using the following 

tf-idf formulae: 

 

Weight of term„t‟ in paragraph p: 

𝑊𝑡𝑝 = 𝑡𝑒𝑟𝑚 𝑓𝑟𝑒𝑞 ∗ log  
𝑇𝑜𝑡𝑎𝑙 𝑛𝑜 𝑜𝑓 𝑝𝑎𝑟𝑎𝑔𝑟𝑎𝑝𝑠

𝑁𝑜 𝑜𝑓 𝑝𝑎𝑟𝑎𝑔𝑟𝑎𝑝𝑠 
𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑖𝑛𝑔  𝑡𝑒 𝑡𝑒𝑟𝑚

  

 

Term freq: is number of times the term„t‟ appears in the 

paragraph p. Here using the above formulae we calculate the 

Wtp for each term from the key term set for a paragraph and 

find the summation of wtps of all the key terms for a paragraph 

and perform same operation for each paragraph retrieved. 

Paragraph with highest wtp value will be selected as the most 

relevant paragraph containing the answer for the users query. 

 

2) Bayesian Network(BN) 

Bayesian network model  is a probability based model or a 

statistical model that represents a set of random variables and 

their conditional dependencies which is used to find the 

relevance of a paragraph. The Bayesian model is used to find 

the most relevant paragraph to a question asked by the user. 

We retrieve the relevant keywords from the question and 

compute a list of paragraphs that match the keywords and the 

list is sorted from the highest probabilistic Paragraph to the 

one having the least but except the one which have zero 

probability. The Probability of paragraph to a question is 

computed by the formula:   

Pr 𝑃 = 𝑃𝑟  
𝐾1

𝑃
 ∗ Pr  

𝐾2

𝑃
 … . . (Pr  

𝐾𝑛

𝑃
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Pr (P)=Probability of Paragraph P  

 

Pr(Ki|P)=Probability of Keyword Ki for the Paragraph P 

where i=1,2,3.....n  

To compute the relevance of each paragraph to a question we 

consider the probability of each keyword occurring in the 

paragraph. This product of these probabilities gives us the 

probability of the paragraph for that query which are used to 

rank the paragraphs, which helps us to find the relevant 

paragraph with answers to the question. 

 

IV. RESULTS 

 

 
Figure.2. User query 

 

 
Figure.3. Query tagging 

 

 
Figure.4. Matched documents 

 

 
Figure.5. Vector space model results 

 

 
Figure.6. Baysian network results 

 

V. COMPARISON 

 

Testing was carried out for a set of data containing Protein-

Protein interaction articles from the PubMed database where 

protein names were taken and user queries were fired. The 

model was tested and paragraphs were retrieved that are 

relevant. 

 

TABLE.1. COMAPRISON BETWEEN VSM AND BN 

 

Techniques 

Vector Space 

Model 

Bayesian Network 

Model 

Type Linear Algebraic 

Model 
Probabilistic Model 

Accuracy 57.14% 28.57% 

Recall 66% 50% 

Precision 80% 40% 

Result High number of 

relevant documents 

retrieved 

Less number of 

relevant documents 

retrieved 

The comparison between the two techniques used for 

relevance ranking was carried out based on factors such as 

Type, Accuracy, Precision, Recall and Output obtained as 

show in the table(TABLE I) above. From the above 

comparisons made were carried out and it was vector space 

model could retrieve more relevant answers as compared to 

the Bayesian network algorithm. 

 

VI. CONCLUSION 

 

A model for extraction of Protein-protein interaction methods 

which uses various NLP (Natural Language Processing), text 

mining, document processing techniques and vector space 

algorithm for relevance ranking was proposed and 

implemented and candidate answers were obtained for user 

queries. This model will help the biomedical experts to easily 

find from a large database what type of interaction method is 

used for the interaction between two or more proteins It will 

reduce the amount of biomedical data the expert has to go 

through to search the PPMI. In this paper a comparison study 

was also done between the two relevance ranking techniques 

i.e. Vector Space Model and the Bayesian Model to get the 

most relevant paragraph containing the users answer and 

Vector space model was found to be better technique for 

retrieving relevant answers. 

 

VII. REFERENCES 

 

[1]. Phizicky EM,Fields s, “Protein-Pritein Interactions: 

Methods for Detection and Analysis”,NCBI 1995 

Mar;59(1):94-123 

 

[2]. Raymond Wan, Vo Ngoc Anh and Hiroshi Mamitsuka, 

“Passage Retrieval with Vector Space and Query Level 

Aspects”. 

 

[3]. His-Chieh Lee, Szu-Wei Huang and  Eldon Y. Li, 

“Minning protein-protein interaction information on the 

internet”. 

 

[4].  John Atkinson,Gerardo Montecinos and Dorothy Curtis, 

“Question-driven topic-based extraction of Protein–Protein 

Interaction Methods from biomedical literature”, Elsevier 

2016. 

 

[5]. Luis M. de Campos, Juan M. Fern´andez-Luna, and Juan 

F. Huete, “A layered Bayesian Network Model for document 

retrieval”. 

 

[6]. www.biocreative.org. 

 

[7]. Mari Vallez,Rfael Pedraza – Jimenez, “Natural Language 

Processing in Textual Information Retrieva1 and Related 

Topics”, Hypertext.net issue 5,2007 


