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Structure, function and regulation of NAD kinases
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[image: ]NAD kinases (NADKs) are key enzymes in living systems and the unique proteins that catalyze the phosphorylation of NAD to NADP. NADKs belong to a highly divergent superfamily of kinases, that we defined earlier [1]. Their substrate, NAD, and product, NADP, are essential cofactors in all living organisms for catabolic reactions (e.g. glycolysis), cellular respiration, and many anabolic metabolisms (e.g.: lipid, amino acid and nucleic acid biosynthesis). NADPH acts as the main cofactor of antioxidant systems. Targeting essential metabolic steps is efficient in anti-infective or anti-cancer therapies, as exemplified by antimetabolites inhibiting DHFRs from bacteria, parasites or humans (e.g.: trimetropim, pyrimethamine or metrothexate). So we engaged in characterizing NADKs (bacterial and eukaryotic) as promising, but understudied orphan drug targets.
Figure 1. Structures of liganded NADKs from bacterial pathogens and human.
Taking advantages of their peculiar modes of ligand recognition and enzymatic catalysis in NADKs, we could design (Coll. S. Pochet, I. Pasteur, Paris) the first stable inhibitors of any NADK after deconstruction of NAD down to the adenine moiety [2]. Better mimicking of the nicotinamide moiety, led to a closely related chemical series, with enzyme inhibition down to the nanomolar range (20 – 40 nM) against bacterial [3] and/or mammalian NADKs (patent WO2024/013349A1). Recently, we have also solved the crystal structure of human mitochondrial NADK (HsNADK2) in complex with Mg-NADP [4] and the cryo-EM structures of HsNADK1, its cytosolic counterpart [5]. These works confirmed the substrate-driven mode of catalysis we have previously predicted, and demonstrated their distinct and complex mode of regulation. We shall discuss the particular functional features revealed by the comparisons of all those new structures and the link with metabolic regulation.
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