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Abstract 

The Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathway is a database that contains a graphical representation of 
cellular processes. Cellular processes are basic systems involving biochemical reactions at the cellular level such as transport, 
catabolism, metabolism, growth and cell death. The KEGG Pathway information is shown through the use of graphs, in which 
the molecular interactions between genes, processes and chemical compounds are represented. This paper proposes to perform 
Data Analytics using the Big Data Analytics Life Cycle methodology to enrich the metabolic pathways of the KEGG Pathway 
database by applying the Target Fishing technique. 
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1. Introduction  

Data analytics is a discipline that includes data lifecycle management and encompasses their data collection, 
cleansing, organization, storage, analysis, and governance. Data analytics uses predictive analysis based on patterns, 
trends, and relationships found in current or historical data [1]. The processing of these results can lead to the 
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discovery of information and benefits in different branches of knowledge, as in the case of Computational Biology. 
For example, the analysis of information from chemical-biological databases in order to obtain predictions based on 
experimentally proven data [2], [3].  

This research proposes the enrichment of information contained in the KEGG Pathway metabolic pathways. In 
this case, the enrichment of the routes consists of proposing alternatives of chemical compounds and targets through 
the integration of information from other databases such as UniProt, ChEMBL and ChEBI, based on experimental 
data, as well as the use of Target Fishing technique. However, localization of information has become a challenge 
for researchers because it is stored in different external or internal sources, and also in different formats, making it 
difficult to integrate [4] [5], [6]. A relatively large amount of data, with information in different formats from 
different sources, will be used in this paper. For these reasons, the Big Data Analytics Life Cycle method proposed 
by [1] is chosen. 

The background check and theoretical aspects on which this work is based are found 
in:[7][8][9][10][11][12][13][14][15].  

2. Method  

The procedure used to obtain and analyze the data is framed in the stages of the Big Data Analytics Life Cycle 
proposed in [1] and is detailed as follows: Data Identification, Data Acquisition and Filtering, Data Extraction, Data 
Validation and Cleaning, Data Aggregation and Representation, Data Analysis, Data Visualization and, finally, Use 
of Analysis Results. 

1. Data identification. Identifies the data sets and resources that are required for project analysis, which may come 
from external or internal sources to be collected. 

2. Data acquisition and filtering. Collects the information established in the previous step, which is filtered 
depending on the type of source and provider, in order to eliminate unnecessary or corrupt data that will have 
no value for the purpose of the analysis. 

3. Data extraction. It extracts data from different formats and transforms them into an understandable format for 
data processing and analysis. 

4. Data validation and cleaning. It establishes data validation rules, removes any invalid data, and determines 
whether redundancy allows a set of interconnected data to be explored to complete the information with missing 
valid data. 

5. Data aggregation and representation. It is dedicated to integrating multiple datasets to arrive at a single unified 
view. To do this, data structure and semantics must be considered. 

6. Data analysis. Information analysis is performed using exploratory analysis, which is characterized by an 
inductive approach that facilitates the discovery of patterns based on methods or techniques. 

7. Data visualization. It is dedicated to using data visualization techniques and tools to graphically communicate 
analysis results. 

8. Use of analysis results. It determines how and where the processed data from the analysis can be used in the 
case study. 

 
The Big Data Analytics Life Cycle will be applied in the present research based on the chemical-biological 

databases mentioned below: 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
 
An integrated database resource for understanding high-level functions and usefulness of the biological system 

such as cell, organism and ecosystem, from molecular-level information generated through genome sequencing and 
high-performance experimental technologies [13]. 

 
2.1 Universal Protein Resources (UniProt) 

 
A database collection containing sequence information and annotations associated with proteins. Annotations 

consist of the analysis, comparison and fusion of all available sequences for a given protein, as well as a critical 
review of experimental data and associated prognoses [14]. To do this, biological information is extracted from the 
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literature and numerous computational analyses are performed to provide known relevant information about a 
particular protein. It describes, in a single register, the different protein products derived from a given gene of a 
specific species. UniProt is structured in two sections: Swiss-Prot and TrEMBL. The first one is characterized by a 
review of experimental results, computational characteristics and scientific conclusions; on the other hand, TrEMBL 
includes protein annotations, but without a review of the data [15]. 

 
2.2 ChEMBL 

 
An open database containing information about bioactive compounds, i.e. compounds that have biological 

activity within the organism. In addition, information from scientific publications is entered manually. This 
information is clean and standardized, which is a criterion that maximizes its quality and usefulness in solving 
biological research problems and in drug discovery. The information is published and can be accessed via a web 
interface [16]. 

 
23.3 ChEBI 

 
ChEBI is a database of chemical entities of biological interest [21] that stores information on natural products or 

synthetic products used to intervene in the processes of living organisms [17]. The ChEBI database combines 
chemical nomenclature, structures, synonyms and chemical information related to chemical compounds to provide a 
wide range of related data such as formulas, links to other databases and an ontological classification, whereby 
parent-child relationships between molecular entities are specified [18]. 

3. Results  

The enrichment of metabolic pathways information is made possible by the relationship between chemical 
compounds and targets. According to the principles of systems biology, a simple chemical compound that disturbs a 
network of targets within a metabolic pathway can trigger complex reactions and, in this way, it is possible to 
connect in vitro experimental data with data obtained by in silica analysis. These connections are based on the 
Target Fishing technique, since it allows predicting the targets of a chemical compound based on the calculation of 
similarity of the chemical structure and using information in chemical-biological databases. 

In order to validate the results of the compound - metabolic path relationships, the hypergeometric distribution of 
probability with a pvalue less than or equal to 0.05 is established as a method. This is because the probability value 
obtained wants to validate that the results are not random, but that there is a statistically significant relationship 
between the data used in the analysis [19]. This is why it is considered to calculate the pvalue to show which 
metabolic pathways were enriched by the chemical compounds and their KEGG targets. 

 
3.1 Chemical compounds  

When selecting a chemical compound, information is displayed on the alternatives of KEGG targets and enriched 
metabolic pathways that met the established value for p-value, respectively; for the chemical compound C00002 
(Adenosine 5'-triphosphate). 

For example, for the metabolic route hsa04080 (Neuroactive ligand-receptor interaction), the following 
information is defined for the parameters mentioned in the method: 

• N = 2457 
• k is the number of KEGG targets that were obtained from Target Fishing for the chemical compound 

C00002, whose value is equivalent to 52 and the identifiers can be observed in Table 1. 
• x is the total number of KEGG targets for the metabolic route hsa04082, which equals 232 and the 

identifiers are given in Table 2. 
• m is the number of KEGG targets found in both k and x, which equals 16 for the compound C00002 and 

the metabolic route hsa04082, as shown in Table 3. 
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When replacing the function: hypergeom.sf (16,2457,52,219), it is obtained that the pvalue is equal to 0.00263, 

this being less than the established value of 0.05. Therefore, it can be said that there is an enrichment in the 
metabolic route hsa04080 by the compound C00002 and their respective KEGG targets. 

Table 1. Identifiers of KEGG targets for k 

 
144 141 1203 2298 3239 3985 5014 5074 6074 22975 

162 192 1212 2547 3962 3879 504 5164 6747 60498 

144 203 1341 2568 3780 5043 5699 5332 7223 64835 

195 247 2674 2147 3686 5064 5890 5334 9224 65274 

177 465 2253 3965 3474 5755 5781 5632 10780 84457 

Table 2. Identifiers of KEGG targets for x  

 
117 886 9002 2918 5732 45289 1909 2831 4886 

134 887 9127 2925 5733 47852 1910 2837 4887 

135 1128 9170 3061 5734 45697 2147 2846 4889 

136 1129 9294 3062 5737 47524 2149 2847 4923 

140 1131 9340 3269 5739 4236 2150 2859 4985 

 
While two of the objectives described were to aggregate chemical information on metabolic pathway files and to 

develop a web interface to present enriched metabolic pathways, it became evident that a chemical cannot be said to 
have direct activity with a metabolic pathway protein. This is because there are certain biological limitations, such 
as that the cell membrane can prevent the chemical compound from entering, which would restrict any chemical 
compound from being part of a metabolic pathway, even if there is the potential for interaction between the 
compound and its target. Therefore, it was considered to show in the web page the chemical compounds that have 
activity on the metabolic pathways based on the calculation of the hypergeometric distribution of probability with p-
value less than or equal to 0.05, considering the relationship of chemical compound and metabolic pathway. 

This study managed the storage of information through files instead of using a database manager. This is due to 
the fact that files do not require a large amount of memory to store information, unlike databases, which, being 
complex programs, need disk space and memory to work efficiently [20]. In addition, performance is better through 
files since access to information is simple and light, unlike databases, where, if no indexes have been defined during 
the creation of the table, it could slow down the query time [21].  

Table 3. Identifiers of KEGG targets of m 

 
116 887 1919 2835 2928 4890 5892 9012 134758 

133 888 1910 2838 2935 4897 5963 9128 339587 

134 1129 2120 2847 3063 4890 5354 9173 100996698 

137 1120 2121 2848 3065 4935 5967 9298  

142 1541 2122 2858 3268 4925 5589 9336  

148 1252 2386 2863 3272 4947 5695 9978  

 
Additionally, data migration is an easy process, since the files can be copied and pasted to a destination folder and 

provide write or read permissions; on the other hand, in the case of a database, the tables must be exported in the 
available formats, create the database and the table, and then import them into the other database, which means a 
time-consuming process for the user [22]. Another reason why files were used is due to the ease of reading for end 
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users, since some of them are not computer technicians and it is not necessary to have specialized personnel to 
handle the information [23]. However, it is important to mention that if a database manager had been used to store 
the information, the programming time would have been optimized. This is due to the fact that the information 
would be accessed directly by specific queries in which the relationship conditions between the tables would be 
defined and navigation between directories and files would not be necessary to obtain data. 

The reading and writing of data during the execution of the codes was done through RAM memory and not 
through disk memory, this is because access to information is instantaneous and concurrent, therefore, data should 
not be located, read and sent before processing, as in the case of disk memory [24] [25]. In addition, the 
performance for reading via RAM is better, since the information is accessed in the order of nanoseconds as 
opposed to disk memory, which takes milliseconds for reading [26]. However, there may be drawbacks such as loss 
of information in the event of a computer crash or power failure [27], as well as storage problems since it is not used 
to store information in long-term memory [28]. 

4. Conclusions 

The research used Big Data Analytics Life Cycle method to organize activities and tasks related to data 
acquisition, processing and analysis, because it is characterized by its large data sets, stored in different sources and 
various formats. For this reason, data processing was structured on the basis of the stages proposed by this method. 
In addition, it was necessary to unify the following stages of the Big Data Analytics Life Cycle: Data Acquisition 
and Filtering, Data Extraction, Data Validation and Data Cleansing, in a single stage. This is because some datasets 
are used for the extraction and cleaning of other datasets. For example: KEGG Pathway information, after being 
extracted, filtered and verified, is used as base data for the acquisition, filtering, extraction and validation of 
UniProt, ChEMBL and ChEBI data. 

The implementation of multiprocessing in the execution of the code in the data analysis stage of the Big Data 
Analytics Life Cycle allowed optimizing the execution time of Target Fishing, since it divided the processing 
according to the number of available nuclei and the amount of input chemical compounds. 

The use of the hypergeometric probability distribution and the probability value equivalent to 0.05 made it 
possible to distinguish which metabolic pathways were enriched by the chemical compounds and their KEGG 
targets. This was done with the purpose of eliminating random results and determining which compounds have 
activity on the metabolic pathway. 

In this sense, the research took the set of compounds contained in KEGG Pathway as the basis for Target Fishing. 
A future study could add more information to the metabolic pathways by performing Compund Fishing. For this 
purpose, in the Data Analysis stage of the Data Analytics Life Cycle, the chemical compounds of the ChEMBL 
database should be taken as base data. This will result in more chemical alternatives for the metabolic pathway. 

Similarly, the present study implemented Target Fishing using a chemical compound from the KEGG Pathway 
database. Another future project would consist of carrying out Target Fishing on a set of compounds to be used in 
alternative mixtures such as natural products or in drug repositioning, which is the process of identifying new 
applications for existing, discontinued, or archived drugs that are currently under development for other medical 
conditions, in which the dose used may even vary [29] [30]. 

Finally, toxicological information on the side effects available in the Side Effects Resource database for DRUG-
type chemicals could be added using the name stored in the KEGG DATABASE. Side Effects Resource contains 
information on side effects, frequency of effects, information on the drug at the commercial level and identifiers to 
other databases [31]. 
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