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Project Goals: We are using systems biology-guided approaches to develop a non-model,
microbial metabolic engineering platform based on the most thermophilic lignocellulose-
degrading organism known, Caldicellulosiruptor bescii, which grows optimally near 80°C.
This work leverages recent breakthrough improvements in the development of molecular
genetic tools for this organism, complemented by a comprehensive understanding of its
metabolism and physiology gained over the past decade of study in the PIs’ laboratories.
We are applying the latest metabolic reconstruction and modeling approaches to optimize
biomass to product conversion using switchgrass as the model plant and acetone and 3-
hydroxypropionate as model industrial products. The over-arching goal is to demonstrate
that a non-model microorganism, specifically an extreme thermophile, can be a strategic
metabolic engineering platform for industrial biotechnology using a systems biology-based
approach.

Bio-processing above 70°C can have important advantages over near-ambient operations. Highly
genetically modified microorganisms usually have a fitness disadvantage and can be easily
overtaken in culture when contaminating microbes are present. The high growth temperature of
extreme thermophiles precludes growth or survival of virtually any contaminating organism or
phage. This reduces operating costs associated with reactor sterilization and maintaining a sterile
facility. In addition, at industrial scales, heat production from microbial metabolic activity vastly
outweighs heat loss through bioreactor walls such that cooling can be required. Extreme
thermophiles have the advantage that non-refrigerated cooling water can be used if needed, and
heating requirements can be met with low-grade steam typically in excess capacity on plant sites.
This project is leveraging recent developments in the PIs’ labs for C. bescii that enables the
proposed effort (1-10). We are developing approaches that provide a comprehensive description
of this bacterium’s physiology and metabolism to inform metabolic engineering strategies,
validate the models with experimental data, and demonstrate that unpretreated lignocellulose can
be converted into value-added industrial chemicals at bioreactor scale. The specific aims of this
research are: 1) to construct and test a robust metabolic model based on a metabolic
reconstruction of C. bescii growing on the simple sugars, glucose and xylose, 2) to construct and
test a robust metabolic model of C. bescii growing on complex biomass-related sugars, cellulose
and xylan, 3) to optimize the production of acetone and 3-hydroxypropionate from simple sugars



guided by metabolic modeling, and 4) to demonstrate conversion of cellulose, xylan,
cellulose/xylan, and the model biomass switchgrass to acetone and 3-hydroxypropionate.

In the first phase of the project, high temperature chemostat cultures are being used in
conjunction with transcriptomic analysis to determine bioenergetic parameters and gene
regulation patterns for C. bescii growth on lignocellulose-relevant sugars (e.g., glucose, xylose,
arabinose, cellobiose, cellulose and xylan). In addition, a novel aspect of C. bescii fermentation
metabolism has been identified that involve two-step enzymatic process to oxidize
glyceraldehyde-3-phosphate during glycolysis (11). These efforts feed into comprehensive
metabolic reconstruction and modeling analyses with the ultimate goal of optimizing C. bescii
production of industrial chemicals from renewable feedstocks.

References

1. Lee,L.L. etal. (2018) Comparative biochemical and structural analysis of novel cellulose binding proteins
(Tapirins) from extremely thermophilic Caldicellulosiruptor species. Appl. Environ. Microbiol. (doi:
10.1128/AEM.01983-18)

2.  Williams-Rhaesa, A. M., et al. (2018) Engineering redox-balanced ethanol production in the cellulolytic and
extremely thermophilic bacterium, Caldicellulosiruptor bescii. Metab. Engineering Commun.7,e00073 (doi:
10.1016/j.mec.2018.e00073)

3. Zeldes,B.M. et al. (2018) A synthetic enzymatic pathway for extremely thermophilic acetone production based
on the unexpectedly thermostable acetoacetate decarboxylase from Clostridium acetobutylicum. Biotechnol.
Bioeng. 115:2951-2961(doi: 10.1002/bit.26829)

4. Williams-Rhaesa, A.M. et al. (2018) A xylose inducible promoter expands the genetic tools for the biomass-
degrading, extremely thermophilic bacterium Caldicellulosiruptor besci. Extremophiles (doi: 10.1007/s00792-
018-1023)

5. Conway, J.M. et al. (2018) Novel multi-domain, multi-functional glycoside hydrolases from highly
lignocellulolytic Caldicellulosiruptor species. AIChE J. 64:4218-4228

6. Conway, J. M. et al. (2018) Parsing in vivo and in vitro contributions to microcrystalline cellulose hydrolysis by
multi-domain glycoside hydrolases in the Caldicellulosiruptor bescii secretome. Biotechnol. Bioeng. 115:1-15.

7. Williams-Rhaesa, A., et al. (2017) Genome stability in engineered strains of the extremely thermophilic,
lignocellulose-degrading  bacterium Caldicellulosiruptor bescii. Appl Environ Microbiol. 83 (doi:
10.1128/AEM.00444-17)

8. Zurawski, J.V, et al. (2017) Bioavailability of carbohydrate content in natural and transgenic switchgrasses for
the extreme thermophile Caldicellulosiruptor bescii. Appl. Environ. Microbiol. 83:¢00969-17 (doi:
10.1128/AEM.00969-17)

9. Conway,JM., et al. (2017) Functional analysis of the Glucan Degradation Locus (GDL) in Caldicellulosiruptor
bescii reveals essential roles of component glycoside hydrolases in plant biomass deconstruction. Appl. Environ.
Microbiol. 83:e01828-17 (doi: 10.1128/AEM.01828-17)

10. Lee, L.L., et al. (2018) Genus-wide assessment of lignocellulose utilization in the extremely thermophilic
Caldicellulosiruptor by genomic, pan-genomic and metagenomic analysis. Appl. Environ. Microbiol. €02694-
17 (doi: 10.1128/AEM .02694-17)

11. Scott, I. et al. (2019) The thermophilic biomass-degrading bacterium Caldicellulosiruptor bescii utilizes two
enzymes to oxidize glyceraldehyde-3-phosphate during glycolysis. J Biol. Chem. (in revision)

This material is based upon work supported by the U.S. Department of Energy, Office of Science,
Office of Biological and Environmental Research, Genomic Science Program under Award
Number DE-SC0019391



