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            Abstract
Acyl carrier protein represents one of the most highly conserved proteins across all domains of life and is natureâ€™s way of transporting hydrocarbon chains in vivo. Notably, type II acyl carrier proteins serve as a crucial interaction hub in primary cellular metabolism1 by communicating transiently between partner enzymes of the numerous biosynthetic pathways2,3. However, the highly transient nature of such interactions and the inherent conformational mobility of acyl carrier protein2 have stymied previous attempts to visualize structurally acyl carrier protein tied to an overall catalytic cycle. This is essential to understanding a fundamental aspect of cellular metabolism leading to compounds that are not only useful to the cell, but also of therapeutic value. For example, acyl carrier protein is central to the biosynthesis of the lipid A (endotoxin) component of lipopolysaccharides in Gram-negative microorganisms, which is required for their growth and survival4,5, and is an activator of the mammalian hostâ€™s immune system6,7, thus emerging as an important therapeutic target8,9,10. During lipid A synthesis (Raetz pathway), acyl carrier protein shuttles acyl intermediates linked to its prosthetic 4â€²-phosphopantetheine group2 among four acyltransferases, including LpxD11. Here we report the crystal structures of three forms of Escherichia coli acyl carrier protein engaging LpxD, which represent stalled substrate and liberated products along the reaction coordinate. The structures show the intricate interactions at the interface that optimally position acyl carrier protein for acyl delivery and that directly involve the pantetheinyl group. Conformational differences among the stalled acyl carrier proteins provide the molecular basis for the associationâ€“dissociation process. An unanticipated conformational shift of 4â€²-phosphopantetheine groups within the LpxD catalytic chamber shows an unprecedented role of acyl carrier protein in product release.
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                    Figure 1: Stalled ACPs bound to LpxD.[image: ]


Figure 2: Intermolecular interactions between ACP and LpxD.[image: ]


Figure 3: ACP conformations and reorganization of its prosthetic group.[image: ]


Figure 4: Molecular basis for the ordered-sequential reaction mechanism and involvement of ACP in lipid-product release.[image: ]
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                Molecular coordinates and structure factors of intact-acyl-ACP, hydrolysed-acyl-ACP and holo-ACP in complex with LpxD have been deposited in the Protein Data Bank under accession numbers 4IHF, 4IHG and 4IHH, respectively.
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Acyl carrier protein structures revealed
During fatty acid and polyketide biosynthesis the growing polymer chain is stabilized by acyl carrier proteins (ACPs), but the transient nature of the process makes it difficult to visualize the molecular mechanisms involved. Two papers published in this issue of Nature use strategies that circumvent this problem. Ali Masoudi et al. solve the X-ray crystal structures of an ACP from Escherichia coli bound to LpxD, an acyltransferase in the lipid A biosynthetic pathway, in three different states: an intact acyl-ACP, a hydrolysed-acyl-ACP, and a holo-ACP form. Alignment of these structures makes it possible to visualize the conformational changes that take place in the ACP during catalysis. Chi Nguyen et al. use a crosslinking probe to tether an ACP to an active site histidine of one of its catalytic enzymes, the dehydratase FabA from E. coli. They obtain a high-resolution X-ray crystal structure of the stabilized ACPâ€“FabA complex and use NMR spectroscopy to probe the dynamics of ACPâ€“FabA interactions. Their experiments support a 'switchblade' model. This crosslink-probe approach can be applied to other carrier protein partners in metabolic and signalling pathways.
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