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            Abstract
Natureâ€™s high-performance polymer, spider silk, consists of specific proteins, spidroins, with repetitive segments flanked by conserved non-repetitive domains1,2. Spidroins are stored as a highly concentrated fluid dope. On silk formation, intermolecular interactions between repeat regions are established that provide strength and elasticity3,4. How spiders manage to avoid premature spidroin aggregation before self-assembly is not yet established. A pH drop to 6.3 along the spiderâ€™s spinning apparatus, altered salt composition and shear forces are believed to trigger the conversion to solid silk, but no molecular details are known. Miniature spidroins consisting of a few repetitive spidroin segments capped by the carboxy-terminal domain form metre-long silk-like fibres irrespective of pH5. We discovered that incorporation of the amino-terminal domain of major ampullate spidroin 1 from the dragline of the nursery web spider Euprosthenops australis (NT) into mini-spidroins enables immediate, charge-dependent self-assembly at pH values around 6.3, but delays aggregation above pHâ€‰7. The X-ray structure of NT, determined to 1.7â€‰Ã… resolution, shows a homodimer of dipolar, antiparallel five-helix bundle subunits that lack homologues. The overall dimeric structure and observed charge distribution of NT is expected to be conserved through spider evolution and in all types of spidroins. Our results indicate a relay-like mechanism through which the N-terminal domain regulates spidroin assembly by inhibiting precocious aggregation during storage, and accelerating and directing self-assembly as the pH is lowered along the spiderâ€™s silk extrusion duct.
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                    Figure 1: 
                        pH-dependent assembly of NT and mini-spidroins.
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Figure 2: 
                        Structural and conserved features of spidroin N-terminal domain.
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        Editorial Summary
Spider silk's dual identity
Many proteins form fibrillar structures at high concentrations, but spider silk proteins, with highly repetitive segments flanked by non-repetitive (NR) terminal domains, behave differently. They are remarkably soluble when stored at high concentration yet can convert to extremely sturdy fibres on demand. The molecular mechanism that makes this possible is not yet clear, but two structural studies in this issue provide new clues. Askarieh et al. present the 1.7 Ã… X-ray crystal structure of the N-terminal domain of a dragline spidroin from the nursery web spider Euprosthenops australis. The structure shows how this highly conserved domain can regulate silk assembly by preventing premature aggregation of spidroins and triggering polymerization as the pH falls along the silk extrusion duct. Hagn et al. determined the solution structure of the C-terminal NR domain of the dragline silk protein fibroin 3 from the common orb-weaver Araneus diadematus. They observe a conformational switch, activated by chemical or mechanical stimuli, between storage and assembly forms of the protein.
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