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Principles for assembling cascade enzymes
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Understanding the effect of spatial organization on the efficiency of
multi-enzyme systems reveals a principle that efficiently drives multi-enzymatic cascade. DNA
nanostructures provide useful scaffolds for the spatial organization of enzymes to form artificial
enzyme cascades. We have developed methods to use sequence-specific DNA binding proteins as adaptors

to stably locate the enzgmes at specific positions on DNA scaffold. Our protein-adaptor-based
method successfully assembled recombinant enzymes in high loading yields with distinctly controlling
the number of enzyme molecules and maintaining the catalytic activities of enzymes. An artificial
enzyme cascade of xylose reductase (XR) and xylitol dehydrogenase (XDH) has been constructed by
coassembling the enzymes on DNA origami. Further extension of this artificial metabolic pathway was
achieved by using modular adaptors equipped with the protein-tag to successfully construct
XR/XDH/xylulose kinase.
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