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ABSTRACT 

 
The protein-drug association, the finding of the important relationship between diseases related proteins and 

drugs, provides useful information for the discovery of new drugs. In this paper, we first time propose a new framework to 
find an association of protein-drug for human malaria parasite Plasmodium falciparum using text data mining approaches. 
The framework begins with three phases of text data mining: (1) data collection from MEDLINE, UniprotKB and MeSH 
databases; (2) data pre-processing such as tokenization, stop word removal and stemming; (3) data analysis to retrieve 
actual information and extract useful information. Finally, regularized log-odds function is used to create an association 
matrix between Plasmodium falciparum proteins and their drug terms. The proposed framework could be useful for a new 
drug candidate discovery for malaria. 
Keywords- Text data mining, biomedical literature, protein-drug association, malaria. 
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INTRODUCTION 
 
 Malaria, a life-threatening infectious disease, causes death of over one million people every year, 

mostly less than 5 years old children [1]. In 2015, 90% of malaria deaths and 88% of malaria cases were found 
in Sub-Saharan Africans. According to the recent report of World Health Organization, 3.2 billion people were 
at risk of malaria [2]. In addition, the Center for Disease Control and Prevention reported 1500 malaria cases 
per year in the United States [3]. 

 
Malaria is caused in human by five Plasmodium parasites: Plasmodium falciparum, Plasmodium 

malariae, Plasmodium vivax, Plasmodium knowlesi and Plasmodium ovale. Among them, the most dangerous 
form of malaria is caused and death occurred by Plasmodium falciparum (P. falciparum) [4]. This parasite lives 
in tropical and subtropical climates and is transmitted by the bite of infected female Anopheles mosquito. The 
available vaccines for malaria are not effective to date. Therefore, chemotherapy and antimalarial control 
programmes are used for treatment and prevention of this disease, respectively [5]. However, chemotherapy-
based treatments compromise their efficiency, drug resistance. Due to parasite resistance, some of the 
antimalarial drugs, for example, atovaquone [6], chloroquine [7], sulfadoxine [8] and pyrimethamine [9], have 
been withdrawn in several regions [10]. This highlights the urgent need for  discovery of new antimalarial 
drugs and thus various efforts have been made including computer-aided drug discovery methods [11, 12].  
 

The human genome project, structured chemical and biological data have accumulated numerous 
biomedical/biotechnical literature, which play important roles in the generation of new knowledge, such as 
finding specific relationships between entities, using text data mining approaches [13]. For example, Li et al. 
developed a novel framework to find new drug candidates for breast cancer using text and structured data 
mining of biomedical literature [14]. Singh-Blom et al. used two approaches, the Katz measure [15] and 
CATAPULT, to predict the gene-disease and gene-phenotype association, and showed that CATAPULT is better for 
identification of gene-disease association correctly [16]. In addition, Quan et al. reported a text mining 
approach to study gene-disease association using various approaches including maximum entropy classifier, 
probabilistic context-free grammars and network analysis [17]. Like Quan et al approach, Zhang et al. designed 
a new network-based computational method to extract pair-wise associations among genes, diseases and 
drugs from Semantic MEDLINE [18]. Recently, Yu et al. suggested a new method to find an association 
between drug-disease using protein complexes [19], and Kissa et al. integrated an unsupervised approach and 
text data mining concepts to derive drug-gene associations by investigating co-occurrence of drug and gene in 
MEDLINE articles [20]. Apart from these, several text mining tools, for example GenDisFinder [21], PolySearch2 
[22], BeFree [23] and DISEASES [24], have been developed to extract protein/gene-disease and drug 
association from biomedical literature. 
 

In this study, we propose first time a new framework to discover the protein-drug association for P. 
falciparum parasite using text data mining approaches. In this framework, the protein list and abstracts that 
are related to P. falciparum are first collected from the UniProtKB and MEDLINE databases, respectively. 
Subsequently, the relevant abstracts are retrieved based on the collected protein list. The drug terms are 
gathered from the MeSH database, and then they are used to obtain list of drug terms from the relevant 
abstracts. Finally, the association matrix is created between protein list and drug terms. The proposed 
framework may be useful for new drug candidate discovery for malaria. 

 
MATERIALS AND METHODS 

 
System architecture for drug-protein association  

 
Figure 1 describes the system architecture that explains how the association matrix is formed for drug 

terms and protein list. The last five year’s abstracts and titles that are relevant to P. falciparum were locally 
downloaded from the MEDLINE database [25]. The protein lists for P. falciparum were collected from the 
UniProtKB database [26]. Two types of protein lists are available in the UniProtKB database: UniProtKB/Swiss-
Prot contains the reviewed proteins while UniProtKB/TrEMBL has the un-reviewed proteins. Only reviewed 
proteins were collected as they are frequently updated. 

 
The text data mining applied on the collected abstracts to quickly identify the relevant abstract. Each 

protein name with its synonyms was used to retrieve relevant abstracts from the obtained abstracts of 
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MEDLINE. The drug terms were collected from chemicals and drug category and its subcategory in MeSH 
database [27]. The collected drug terms were matched with the relevant abstracts and final list of drug terms 
were found.  Finally, association matrix is created between drug terms and protein list. 

 

 
 

Figure 1. System architecture 

 
Text data mining 

 
Text data mining technique is often used to process unstructured textual data and extract the 

previously unknown useful knowledge from the biomedical literature [28, 29]. It comprises the following 
phases: text collection, text pre-processing and data analysis. 

 
Text collection: The unstructured text data were gathered from biomedical literature for example MEDLINE 
[25] and databases for instance UniProtKB [26] and MeSH [27]. All these databases contain huge amounts of 
textual data in the form of natural language. The relevant documents were downloaded and stored as a 
corpus. 
 
Text pre-processing: Text pre-processing is an important step in the text data mining, which is used to remove 
unwanted information of the corpus. Only title and abstracts of the documents were kept and all other 
information were removed. It allows use of  most relevant information in the data analysis phase. The upper 
case alphabets of each document were converted into lower case alphabets. The following steps were 
performed in the pre-processing:  
 

(1) Tokenization: The content of each document in the corpus was split into separate tokens.  
(2) Stop word removal: The special symbols, numeric values and punctuation marks were removed from 

tokenized documents. Also, the stop words such as the, in, we, at, etc., were collected and stored into a list. 
The list was used to match the stop words with the tokens one by one and then matched tokens were deleted 
from the document. 

(3) Stemming: It is used to identify the root words, for example, stemmer, stemmed, stems, stemming 
are based on the root word stem. For this, the popular Porter’s stemmer algorithm [30, 31] was used. 
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Data analysis: In general, this phase involves the actual information retrieval and information extraction 
process to get useful information from the vast amounts of documents. In this study, the protein list, abstracts 
and drug terms are retrieved from various databases. Then, they are used to extract the significant drug terms 
which are helpful to form an association matrix with protein list. 
 
Creation of association matrix between drug terms and protein lists 

 
The association matrix is a two-dimensional table which allows one row and one column for each 

protein and each drug term, respectively. It is used to inspect the relationship among all the protein-drug 
pairs. For this, the regularized log-odds function was used [32, 14]. The association matrix is calculated based 
on the equation (1).  

 

                          (1) 

 
Where,  
tdfdt: represents the total number of documents that has drug terms 
tdfp: represents the total number of documents that has protein names 
tdfdtp: represents the total number of documents that has both drug terms and protein names  
n: represents the total size of the MEDLINE documents 

: small constant ( =1). 
 

For the proposed framework implementation, we used the Python 2.7.10 [33] and Natural Language 
Tool Kit (NLTK) [34]. 
 

RESULTS AND DISCUSSION 
 

Construction of protein list for P. falciparum 
 

Steps for constructing protein list are shown in Figure 2. The proteins for P. falciparum are retrieved 
from the UniProt Knowledgebase. There were 353 reviewed and manually annotated proteins in 
UniProtKB/Swiss-Prot. Subsequently, duplicates were removed, which resulted in 268 proteins. The synonyms 
and gene names were included with this protein list to retrieve relevant abstracts from the MEDLINE database. 
Some of identified P. falciparum proteins has been listed in Table 1 (Full list of proteins are available on 
request). 
 

Table 1. Some of the proteins of P. falciparum retrieved from UniProtKB/Swiss-Prot 

 

S. No Entry Entry name Protein name( synonyms) Gene names 

1 P23746 ABRA_PLAFF 101 kDa malaria antigen (Acidic basic repeat antigen) ABRA 

2 Q9U8D3 PURA_PLAFA Adenylosuccinate synthetase (AMPSase) (AdSS Adss 

3 P50492 AMA1_PLAF8 Apical membrane antigen 1 (Merozoite surface antigen) AMA-1 PF83 

4 Q94650 ARF1_PLAFA ADP-ribosylation factor 1 (plARF) ARF1 ARF 

5 Q08853 ATC_PLAFK Calcium-transporting ATPase (EC 3.6.3.8) (Calcium pump) ATP6 

6 Q8IBZ9 CRT_PLAF7 Putative chloroquine resistance transporter (PfCRT) CG10 MAL7P1.27 

7 Q8IHZ9 KC1_PLAF7 Casein kinase I (EC 2.7.11.1) CK1 PF11_0377 

8 P62344 CDPK1_PLAF7 Calcium-dependent protein kinase 1 (EC 2.7.11.1) 
CPK1 CDPK1 
PFB0815w 

9 Q07785 CDC2H_PLAFK Cell division control protein 2 homolog (EC 2.7.11.22) CRK2 PK5 

10 Q9N623 CRT_PLAFA Chloroquine resistance transporter (PfCRT) CRT 
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Figure 2.  Construction of protein list 

 
Retrieve MEDLINE abstracts and identify drug terms relevant to protein list 

 
Plasmodium falciparum was used as a query to download the title and abstracts from the MEDLINE 

database through PubMed. The last five year’s abstracts (8036) were locally downloaded. Text data mining 
process including tokenization, stop word removal stemming were carried out. The abstracts relevant to each 
protein were retrieved, which resulted in 1554 abstracts. To identify drug terms relevant to protein list, 
chemicals and drug category terms were downloaded from MeSH database (Figure 3), which is grouped into 
16 categories [27]. All terms of MeSH database were searched with the 1554 abstracts and 80 drug/MeSH 
terms out of 292 were identified. The occurrence of the identified drug terms for P. falciparum parasite is 
shown in Table 2. The inorganic chemicals occurred 373 times in 1554 abstracts, indicating that most of the 
reported drugs for P. falciparum are inorganic chemicals. The association between the protein list and 
identified drug terms can be constructed by two-dimensional matrix, in which protein names and drug terms 
will be listed in rows and columns, respectively. The matrix is filled with the score obtained using the equation 
(1). The protein-drug pair is over- and under-represented based on the positive and negative value of the 
scoredtp, respectively. So, the higher score is more significant in the matrix [14]. 

 

 
 

Figure 3. Workflow for drug term identification 
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Table 2. Frequencies of drug terms identified from abstracts 

 
S. No. Category Total 

1 Inorganic chemicals 373 

2 Organic chemicals 196 

3 Heterocyclic compounds 66 

4 Polycyclic compounds 4 

5 Macromolecular substances 2 

6 
Hormones, hormone substitutes, and 
hormone antagonists 

0 

7 Enzymes and coenzymes 95 

8 Carbohydrates 3 

9 Lipids 9 

10 Amino acids, peptides, and proteins 50 

11 Nucleic acids, nucleotides, and nucleosides 9 

12 Complex mixtures 14 

13 Biological factors 139 

14 Biomedical and dental materials 223 

15 Pharmaceutical preparations 255 

16 Chemical actions and uses 0 

 
CONCLUSION 

 
In the past few decades, several advances have been made for the treatment and control of malaria. 

However, there is still extreme need to discover and improvement of effective antimalarial drugs due to the 
serious drug-resistance of malaria parasites. To the best of our knowledge, there are no researches on the 
protein-drug association for P. falciparum. In this study, we first time reported a framework to understand 
protein-drug association for P. falciparum. The proteins and drug terms related to P. falciparum were 
extracted from the biomedical literature using text data mining approaches. The protein-drug association 
matrix could be helpful to gain knowledge for novel drug candidate discovery for malaria. 
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