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1. INTRODUCTION 

Metabolic engineering integrates efficient exploration of metabolic and cellular pathways with 

molecular systems to enhance biological properties by formulating and applying genetic alterations 

[1].Decades ago, computational tools were used in metabolic engineering to design single enzymes by 

using analog computers, and digital computers were used to design the dynamics of metabolic 

pathways [2]. In recent years, bioinformatics tools are used to search huge metabolic databases 

leading to better understanding, managing, analyzing and visualizing of metabolic pathways [3, 4]. 

2. APPLICATIONS OF BIOINFORMATICS TOOLS IN METABOLIC ENGINEERING  

There are several applications of bioinformatics tools in metabolic engineering which are as follows: 

2.1. Metabolic Networks Reconstructing 

Reconstructions of metabolic networks identifies the crucial components that are of prime functional 

importance in a biological pathway of a particular organism by linking data obtained from metabolic 

and genomic studies [5]. The measure of metabolic reconstructions may lie from studying distinct 

pathways to investigating whole genomes [6]. Metabolic network size and biological databases are 

potent factors that influences the effectiveness of network reconstruction [7].Analyzing and designing 

sequences, sorting and retrieving metabolic data, and representing network information are the 

significant errands related with the reconstruction of these biological networks[8].Whether metabolic 

network reconstruction is achieved manually or by employing bioinformatics tools, it is the critical 

prime phase in any metabolic engineering application [9]. 

Examples of some soft wares used for metabolic network construction are given below: 

 KAAS or PathoLogic: These two softwares are commonly used to program a reconstruction [10]. 

 KEGG and MetaCyc: Kyoto Encyclopedia of Genes and Genomes (KEGG) and METACYC both 

exhibits metabolic networks as a map that depicts series of reactions that expresses interactions 

between biological catalysts and their associated substrates [11]. 

 SBML, SBO and BioPAX: Systems Biology Markup Language (SBML) is used to represent 

metabolic pathways models [12] and Systems Biology Ontology (SBO) is used to stipulate the 

sense of parameters present in the kinetic models of specific pathway [13].While Biological 
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Pathway Exchange Language (Bio PAX) permits biological databases and tools to exchange data 

concerning the qualitative functional associations of networks [14]. 

2.2. Metabolic Networks visualizing 

Metabolic networks are basically pathways depicting biological catalysts assisted reactions that 

involve the conversion of one metabolite in to another [15].Visualizing such reactions aids in better 

apprehension and identification of parameters that influence pathway effectiveness [16].  

Examples of some soft wares used for metabolic network visualizing are given below: 

 Cytoscape, GraphViz and Systrip: These are network visualization tools that functions on 

algorithms in order to interpret large interaction networks [17, 18]. 

 Systems Biology Graphical Notation (SBGN): SBGN is utilized for representing biochemical 

network illustrations [19]. 

 Synthetic Biology Open Language (SBOL): SBOL is a network visualization tool that precisely 

identifies the major constituents in a gene network diagram, and can be used to recreate a gene 

network using information generated in the knowledgebase [20]. 

2.3. Manipulating Biological Molecules 

Synthesizing DNAs, RNAs, proteins or enzymes, constructing translational cassettes, and mutating 

genomic sequences requires physical alterations of biological entities [21].  Bioinformatic tools relates 

sequence data with experimentally determined morphological or functional states of a biological 

molecule for designing molecules with enhanced functionality[22]. 

Examples of some soft ware’s used for manipulating biological molecules  

 Tinker Cell and Geno CAD: These two in silco tools streamlines the metabolic process by 

integrating enzymes into functional circuits to produce a diagram that identifies gene function by 

using a set of symbols that represents components such as promoters, coding sequences or 

terminators [23,24]. 

 Geneious: It is a sequence editing tool with significant visualization, organization, assemblage, 

and alignment features to identify features such as allosteric sites, promoter, binding sites, origin 

of replication etc[25, 26]. 

 Primer help for user(PHUSER): It is user friendly software that aids user in designing primers for 

the molecular sequences [27]. 

 Gene Designer: This computational tool can suggest a DNA sequence once users have provided 

either a DNA or protein sequence as a query and a cod on usage table for a certain organism [28] 

2.4. Metabolic Flux Analysis 

Metabolic flux analysis (MFA) determines the metabolic fluxes in vivo with the aim of accelerating 

product synthesis [29]. 

Examples of some soft wares used for metabolic flux analysis are as follows: 

 FBA, MOMA and ROOM: These tools assist in targeted manipulations that lead to a desired 

phenotype [30]. 

 COBRA: Constraint based reconstruction and analysis (COBRA) methods have been employed in 

transcriptional modeling and signaling networks [31]. These methods have been used to aid 

metabolic pathway engineering, to model antigens and host-pathogen interactions and to measure 

the impact of disease states on human metabolism [32]. 

2.5. Pathway Prospecting\Searching  

Following are some bioinformatics tools used for pathway prospecting in metabolic engineering 

 Opt Strain: It is an algorithm that quests numerous databases to explore, evaluate, and select 

pathways that lead to the fabrication of a target molecule [33]. 

 Opt Knock: To further enhance target production through targeted genomic alteration Opt Knock 

is employed [34]. 
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3. CONCLUSION 

Collectively, these computational bioinformatics tools provide an influential background to enhance 

design and analysis aspects of metabolic engineering. Thus plays a significant role in metabolic 

engineering that can be employed in diverse applications such as in the production of chemicals, fuels 

etc., primer designing, drug designing etc. 
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