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Background 

Microorganisms are used as cell factories for producing valuable chemical compounds in 
pharmaceuticals, nutraceuticals, biofuels, and so forth. Metabolic engineering is a widely used 
approach to improve productivities of such bio-production processes, by which metabolic pathways 
with high productivity can be designed. In the metabolic engineering approach, expressing 
heterologous biosynthetic pathways in well-characterized host microorganisms is one major way to 
produce desired target product. However, the adequate incorporation of heterologous pathways to 
the hosts organism requires experiences, knowledge and intuition of researchers, and it is still 
difficult to find candidate heterologous pathways to be added to produce target products. Thus, an 
in silico platform to design expanded metabolic network by addition of heterologous pathways is 
desirable for the improvement of target productivity. 

Results 

The algorithm for finding heterologous pathways required to produce desired targets by a host 
microorganism such as Escherichia coli was developed. Here we first compiled an integrated 
metabolic network containing 8123 known metabolic reactions including 6683 metabolites from 
metabolic networks of microorganisms in KEGG database. When a target product is arbitrary given, 
our algorithm can provide information about which heterologous reactions in the integrated 
metabolic network should be added into genome-scale metabolic network of E. coli (iJR904) to 
produce the target. By this method, we screened possible target products that can be produced by 
adding less than 10 heterologous metabolic reactions into E. coli metabolic network, and identified 
2916 metabolites as candidate products. Furthermore, we investigated the effect of adding 
heterologous pathways on the metabolic fluxes based on the scheme of Flux Balance Analysis 
(FBA), by which we can simulate the changes of metabolic fluxes by the addition of heterologous 
pathways. 
 
Conclusions 
In this study, we have developed a de novo pathway design platform by which we can screen the 
candidate heterologous pathways to be added into host organisms to produce target products. 
Using metabolic simulations of in silico expanded metabolic model we can evaluate the effect of the 
pathway addition on metabolic profiles. This platform enables us to provide valuable information for 
rational design of metabolic networks for production of useful materials. 
 
 


