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Progress Report:

Our major goal for this project (2004-2008) was to obtain an understanding of the structure,
function, and regulation of the Clostridium cellulovorans cellulosomes. Our specific goals were
to select genes for cellulosomal and non-cellulosomal enzymes and characterize their products,
to study the synergistic action between cellulosomal and non-cellulosomal enzymes, to study the
composition of cellulosomes when cells were grown with different carbon sources, continue our
studies on the scaffolding protein and examine heterologous expression of cellulosomal genes in
Bacillus subtilis. We fulfilled the specific goals of our proposal. The superscripts refer to the
papers listed below.

1. In our continuing search for cellulase and hemicellulase genes, we were able to clone a non-
cellulosomal gene, engO, a family 9 endoglucanase3 and bglA, a B-glucan glucohydrolase6.
It has become apparent from our studies that non-cellulosomal enzymes work synergistically
with the cellulosome. A question that has puzzled us was the fact that there were so many
family 9 enzymes. An analysis of their properties revealed that the different family 9
enzymes had different substrate specificities and produced different productss. Thus
depending on the substrates that are available and the conditions in which the cell finds itself,
different family 9 enzymes will be produced. This will also result in a heterologous
population of cellulosomes with different enzymatic specificities.



2. In our studies on synergism, we found that a combination of hemicellulases and cellulases

was very effective in the degradation of corn fiber” and sugar can bagasse16. Thus, it is
apparent that the cellulosome is effective in degrading natural plant cell wall materials by the
presence of both cellulases and hemicellulases. Since there may be more than 50 different
cellulase and hemicellulases, the heterogeneous mixture of cellulosomes again makes them
capable of degrading a variety of plant cell wall materials.

3. The expression of cellulosomal genes was observed at the mRNA level in previous studies. A
further analysis of the cellulosomal genes under different conditions of growth revealed that
depending on the carbon source, different patterns of gene expression were observed. The
expression of the major cellulosomal genes, cbpA, engE, exgS and xynA, were observed with
all carbon sources. However, the expression of other cellulases and hemicellulases varied

significantly when the carbon source was cellulose, xylan or pectinl. This suggests a
possible way to optimize the composition of cellulosomes to degrade specific substrates.

4. In a study of the properties of the cellulose binding domain (CBD) of the cellulosomal
scaffolding protein (CbpA), it was found that a linear array of amino acids acts as the binding
site of CBD to the substrate. Mutations of these amino acids disrupted the binding ability of

CBD to cellulose*. In the analysis of HbpA, a member of the cellulosomal cluster of genes,

it was found to have synergistic effects with cellulosomal cellulases'”. Ina study of cohesin-
dockerin interactions, it was observed that higher copy numbers of cohesins in mini-CbpA
facilitated a greater binding of cellulosomal enzymes. This suggests that the 9 copies of
cohesins in CbpA make it a very effective scaffolding protein and enhances its activityB.

A systematic study of physical and chemical conditions of binding of mini-CbpA to a

crystalline substrate revealed the optimum conditions for these interactions'”. These studies
indicate however that the interaction of the scaffolding protein, CbpA, with the cellulosomal
enzymes and the substrate is complex and requires further studies.

5. In order to enhance the production of cellulosomes, we have attempted to convert an aaerobic
bacterium to a cellulosome producer. In a previous study, we had shown that Bacillus subtilis
could express a minicellulosome. In an extension of these studies we have found a novel

phenomenon which we have called “intercellular complementation”g. We expressed a mini-
CbpA in one B. subtilis strain and a cellulosomal endoglucanase in another strain. By co-
culturing the two strains, we obtained a minicellulosome containing the endoglucanase. Thus
each strain produced and secreted their protein into the culture and joined to form a mini-
cellulosome. By introducing more C. cellulovorans cellulase and hemicellulase genes into B.
subtilis, we should be able to construct strains of B. subtilis that can produce a mixture of
mini-cellulosomes. Since aerobic bacteria are easier to handle and are more productive than
anaerobic bacteria, the conversion of an aerobic bacterium to a cellulosome producer may
facilitate the production of high levels of cellulosomes.

6. Several invited reviews were written to summarize our current understanding of the
. . . . 7.9.10.11,14,15
structure and function of the cellulosome from mesophilic microorganisms .



With the growing interest in producing Biofuels from plant materials, these reviews should be
useful for scientists from many fields.

7. We have had very successful collaborations with Drs. Yukawa and Inui of the Research
Institute of Innovative Technology for the Earth (RITE), Kyoto, J apan1’2’3’5’8’12’13 and with
Dr. Brett Pletschke of the Department of Biochemistry, Microbiology & Biotechnology,

Rhodes University, Grahamstown, South Africa'®!.

Summary: Our studies during the past four years on the cellulosome of Clostridium
cellulovorans have provided significant understanding of the function of the scaffolding protein,
the regulation of expression of cellulosomal genes, the effect of carbon source on cellulase and
hemicellulase gene expression, the heterogeneity of the population of cellulosomes and
heterologous expression of cellulosomeal genes in Bacillus subtilis.
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