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I. Introduction

The dependence on fossil fuels has brought first world and developing countries to the cusp of energy economies.  Cellulosic ethanol—one of many biofuels—is regarded as a likely source for renewable energy in the future (Wackett, 2008).  Cellulose composes a large portion of plant matter, which is normally degraded by saprophytes via enzymes and fermented into a number of by-products.  Current common practice involves a treatment of the cellulose fibers in acid and enzymes followed by fermentation by yeast (ex.  Saccharomyces cerevisiae).  In order to increase process efficiency, organisms can be utilized that couple both enzymatic interactions and fermentation, such as Thermobifida fusca. 

Thermobifida fusca is known for its highly active cellulases and potential to ferment digested biomass into fuel (Kim et al., 2005}; Wilson, 2004}).  The genome has been sequenced and the annotation provides a bright outlook for T. fusca in the biofuel industry (Lykidis et al., 2007}).  T. fusca’s physiology and metabolism have not been studied in vitro in detail; many studies have cloned cellulase genes into other organisms such as Escherichia coli or Bacillus megaterium (Posta, Beki, Wilson, Kukolya, & Hornok, 2004}; Yang & Liu, 2007}).  

Metabolic engineering is an avenue for further enhancement of biofuel production by designing organisms to have increased enzyme activity and product yield.  In the past, metabolic engineering has been a time-consuming, hit-or-miss method of genetic modification.  New methods combining genome annotation and in silico metabolic flux analysis provide a working model for the organism (Schilling, Edwards, Letscher, & Palsson, 2000}).  In silico models enhance the process’ effectiveness by eliminating experiments that are unfavorable to pursue in vitro (Fong et al., 2005}; Hua, Joyce, Fong, & Palsson, 2006).  Flux balance analysis (FBA) of an annotated genome involves a matrix of reactions, metabolites and flux.  The model is solved for a solution space of growth rate and the desired product based on the model’s constraints (substrate, moles etc.).  FBA of T. fusca will provide ample information about the organism’s metabolic pathways and the applicability of genomic engineering for biofuel production (Hong, Moon, & Lee, 2003}).  In addition, FBA will ennumerate the best genes and pathways to target for metabolic engineering.

II. Materials and Methods


The annotated genome will be combed via online databases for proteins involved with metabolism.  These proteins will be researched for their individual reactions and metabolites.  All of these will be used with the software package MetModel to generate a solution space of growth rate and by-product.  It is anticipated that a time consuming step will be the identification and closing of gaps in the metabolic network.  When a working model is built within the software, single or double deletions of proteins will be made in silico and evaluated for efficiency.  When several potential deletions have been identified, the model will be tested with experimental evidence based on identical deletions and resulting phenotypes.

III. Projected Results


The working model will not be sufficient proof for the potential of metabolic FBA in biofuel research.  The model will need to accurately predict the final phenotypes of T. fusca under diverse conditions and also when subjected to genetic modification.  If the model fails to predict the in vitro phenotype, modifications will be made to the model using experimental data (growth behavior, by-product secretion profiles, gene expression).  The expectation by the end of the second summer of BBSI is to produce a large-scale model of T. fusca that has been tested using experimental data.

References

Fong, S., Burgard, A., Herring, C., Knight, E., Blattner, F., Maranas, C., et al. (2005}). In silico design and adaptive evolution of escherichia coli for production of lactic acid. BIOTECHNOLOGY AND BIOENGINEERING}, 91}(5}), 643-648}. 

Hong, S., Moon, S., & Lee, S. (2003}). Prediction of maximum yields of metabolites and optimal pathways for their production by metabolic flux analysis. JOURNAL OF MICROBIOLOGY AND BIOTECHNOLOGY}, 13}(4}), 571-577}. 

Hua, Q., Joyce, A. R., Fong, S. S., & Palsson, B. Ø. (2006). Metabolic analysis of adaptive evolution for in silico-designed lactate-producing strains. Biotechnology and Bioengineering, 95(5), 992-1002. 

Kim, Y., Kim, D., Chun, K., Shin, D., Jung, H., Lee, C., et al. (2005}). Phenolic extraction from apple peel by cellulases from thermobifida fusca. JOURNAL OF AGRICULTURAL AND FOOD CHEMISTRY}, 53}(24}), 9560-9565}. 

Lykidis, A., Mavromatis, K., Ivanova, N., Anderson, I., Land, M., DiBartolo, G., et al. (2007}). Genome sequence and analysis of the soil cellulolytic actinomycete thermobifida fusca YX. JOURNAL OF BACTERIOLOGY}, 189}(6}), 2477-2486}. 

Posta, K., Beki, E., Wilson, D., Kukolya, J., & Hornok, L. (2004}). Cloning, characterization and phylogenetic relationships of cel5B, a new endoglucanase encoding gene from thermobifida fusca. JOURNAL OF BASIC MICROBIOLOGY}, 44}(5}), 383-399}. 

Schilling, C., Edwards, J., Letscher, D., & Palsson, B. (2000}). Combining pathway analysis with flux balance analysis for the comprehensive study of metabolic systems. BIOTECHNOLOGY AND BIOENGINEERING}, 71}(4}), 286-306}. 

Wackett, L. P. (2008). Biomass to fuels via microbial transformations. Current Opinion in Chemical Biology, 12(2), 187-193. 

Wilson, D. (2004}). Studies of thermobifida fusca plant cell wall degrading enzymes. CHEMICAL RECORD}, 4}(2}), 72-82}. 

Yang, C., & Liu, W. (2007}). Cloning and characterization of a maltotriose-producing alpha-amylase gene from thermobifida fusca. JOURNAL OF INDUSTRIAL MICROBIOLOGY \& BIOTECHNOLOGY}, 34}(4}), 325-330}. 

