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Process optimization conventionally has examined multiple external variables to maximize product formation. Temperature, pH, aeration rate, substrate concentration, trace elements, nitrogen and carbon sources are altered to shift the flow of metabolites from one state to another. These environmental variables affect cellular responses by increasing or decreasing metabolic activities, providing energy for growth or inducing specific pathways. Mutagene​sis and strain selection traditionally have been coupled to process optimization for yield improvement.  Metabolic pathway engineering offers a more rational alternative than random mutagenesis for genetic modification, but it does not readily address the issue of pathway optimization.  Because metabolic networks are closely integrated and highly interdependent, it is very difficult to alter flux through one pathway without affecting others. Enzymes for each reaction step can be present at many different levels, and expression profiles can change dramatically with growth conditions. Over expression of genes for one pathway can ad​versely affect another, thereby limiting cell growth or viability. The need to account for diverse unknown interactions creates a multivariant optimization problem similar to the manipulation of environmental factors. Our research seeks optimal expression of up to 15 enzymes in a pathway.  A technique for the rapid construction of cassettes that will allow the simultaneous evaluation of many different enzymes at various levels has enabled us to bypass the tedious and labor intensive step-wise alteration of individual genes.  When coupled to genome wide expression analysis, we can rapidly determine which steps are rate limiting and what sorts of concerted changes are required to increase flux. Genome-wide expression studies on engineered organisms cultivated under various environmental conditions reveals how they adapt to the heterolo​gous pathways and which activities are most likely to be rate-limiting.  They also reveal how to alter expression to fit desired patterns and expression levels. This presentation will use pathway engineering of xylose metabolism in Saccharomyces cerevisiae as a model for the rapid optimization of metabolite flux. 

