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            Abstract
Polyketides are a class of natural products with diverse structures and biological activities. The structural variability of aromatic products of fungal nonreducing, multidomain iterative polyketide synthases (NR-PKS group of IPKSs) results from regiospecific cyclizations of reactive poly-Î²-keto intermediates1,2,3. How poly-Î²-keto species are synthesized and stabilized, how their chain lengths are determined, and, in particular, how specific cyclization patterns are controlled have been largely inaccessible and functionally unknown until recently4. A product template (PT) domain is responsible for controlling specific aldol cyclization and aromatization of these mature polyketide precursors, but the mechanistic basis is unknown. Here we present the 1.8 Ã… crystal structure and mutational studies of a dissected PT monodomain from PksA, the NR-PKS that initiates the biosynthesis of the potent hepatocarcinogen aflatoxin B1 in Aspergillus parasiticus. Despite having minimal sequence similarity to known enzymes, the structure displays a distinct â€˜double hot dogâ€™ (DHD) fold. Co-crystal structures with palmitate or a bicyclic substrate mimic illustrate that PT can bind both linear and bicyclic polyketides. Docking and mutagenesis studies reveal residues important for substrate binding and catalysis, and identify a phosphopantetheine localization channel and a deep two-part interior binding pocket and reaction chamber. Sequence similarity and extensive conservation of active site residues in PT domains suggest that the mechanistic insights gleaned from these studies will prove general for this class of IPKSs, and lay a foundation for defining the molecular rules controlling NR-PKS cyclization specificity.
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                    Figure 1: 
                        Biosynthesis of norsolorinic acid anthrone (1) by PksA.
                      


Figure 2: 
                        The crystal structure of the PT domain from PksA.
                      


Figure 3: 
                        PT structures with bound palmitate or substrate analogue HC8.
                      


Figure 4: 
                        Proposed mechanism of cyclizations catalysed by the PT domain.
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                Data deposits

                The atomic coordinates of palmitate-bound and HC8-bound PT have been deposited in the Protein Data Bank under accession code 3HRQ and 3HRR.
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        Editorial Summary
Fungal toxin biosynthesis
Polyketides are a class of natural products with diverse structures and biological activities. Here, Jason Crawford and colleagues report the X-ray crystal structure of a domain of the iterative polyketide synthase that is responsible for generating the potent hepatocarcinogen aflatoxin B1. This domain â€” called the product template (PT) domain â€“ catalyses the stepwise intramolecular aldol cyclizations and their dehydrations to yield a bicyclic ACPâ€“thioester intermediate. Co-crystal structures of this protein with palmitate or a bicyclic substrate mimic show that the PT domain is able to bind both linear and bicyclic compounds. The authors identify a large cyclization chamber and propose how the PT domain controls the specificity of the biosynthetic reactions that generate the intermediate that is eventually converted into aflatoxin B1.
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