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Functional elucidation and application of a novel biosynthetic enzyme using
coenzyme NAD as a substrate
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NAD is widely used as a coenzyme in vivo. In addition, NAD is known to play a variety of physiological functions,
such as being a substrate for proteins involved in important physiological functions, such as Sirtuin, which is involved in
life span extension, and poly ADP-ribose polymerase PARP, which is involved in genome repair, or a substrate for
modification reactions of RNA cap structures. The author first reported the phenomenon in which NAD serves as a
substrate for biosynthetic reactions during biosynthesis of the antitumor asaindan natural product altemicidin,
demonstrating its novel role. In this biosynthetic system, the nicotinamide moiety of NAD undergoes nucleophilic attack
by the PLP enzyme (SbzP) and is modified through two C-C bond formations between C3 and C2 units. The nicotinamide
moiety undergoes further modification and hydrolysis of the phosphate bond to form an NMN-like structure that activates
the function of Sirtuin, which is further modified in multiple steps to produce the final product. The modification reaction
of the nicotinamide moiety of NAD and NMN in vivo is unprecedented. Although there are examples of chemical
modification, there are no examples of synthesis of analogs by C-C bond formation, and this biosynthetic system can
create a completely different skeletal structure from existing molecules. Therefore, we performed precise functional
analysis of the SbzP enzyme by cryo-EM and X-ray crystallography, and further expanded the skeletal diversity of the

product by modifying its function, aiming to obtain new active compounds by enzymatic and chemical methods.
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