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Continuous cultures of C. thermocellum ATCC 27405 were grown at various dilution rates on ~ 5 g/L Avicel and cellobiose. A new cellulase-specific ELISA (Zhang and Lynd, Analytical Chemistry in press) was used to determine cell and cellulase mass concentrations. As compared to the traditional Pirt model, the following additional processes appeared to be significant factors in the bioenergetics of microbial cellulose utilization by C. thermocellum: cellulase synthesis, phosphorolytic cleavage of -glucosidic bonds, and substrate transport. Our results showed that the assimilated longer cellulose segments are cleaved preferentially by phosphorolytic (e.g. cellobiose and cellodextrin phosphorolases) instead of hydrolytic (e.g. -glucosidase) enzyme activities, resulting in a significant bioenergetic benefit during growth on cellulose. Bioenergetic analysis suggested that cellodextrins with chain length > 4 were taken up directly by the cells before further degradation to cellobiose and glucose. More energy was required for cellulase synthesis but less energy was spent on sugar transport for growth on Avicel as compared to cellobiose. The metabolic cost of cellulase synthesis appeared to be less than the bioenergetic benefits associated with phosphorolytic cleavage of cellodextrins and cellobiose.

