Unraveling structural polymorphism of amyloid fibers.
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SUMMARY
Amyloid fibers are self-assembling cross -sheet structures whose overall molecular architecture is highly variable.  In this issue of Structure, Torreira and colleagues use electron microscopy to resolve ultrastructural polymorphisms of RepA-WH1 amyloids. 

TEXT
Amyloid fibers form from abnormal assembly of soluble proteins and are associated with a number of disease pathologies, ranging from Alzheimer’s disease to Type II diabetes (Chiti and Dobson, 2006). Fibrils are composed of inter-twined protofilaments that have a predominantly cross -sheet quaternary structure. Self-assembly of -strand component building blocks generate a wide range of molecular level polymorphism.  A detailed molecular mechanism underpinning amyloidogenesis will be important for developing therapeutic strategies to treat human amyloid proteinopathies. 

RepA is DNA initiation factor encoded in the Pseudomonas pPS10 replicon. Similar to other bacterial Rep proteins, monomeric RepA initiates replication while its constitutive dimeric form acts as a transcriptional autorepressor (Giraldo et al., 1998). RepA is composed of two ‘winged-helix’ domains (WH1 and WH2). WH1 is involved in the dimerization interface, while WH2 binds specific double-stranded DNA sequences, called interons. Interon-binding at replication origins convert the complex to its monomeric active form and enable the recruitment of replication factors. Once replication is completed, RepA proteins from each plasmid copy remain associated and sterically inhibit initiation of premature replication rounds (Das and Chattoraj, 2004). The crystal structure of RepA-WH1 identified residues involved in the dimer interface and revealed a hydrophobic core composed of a 5-stranded antiparallel -sheet (Giraldo et al., 2003). However, structural information for how RepA molecules might oligomerize remained lacking. 

A truncated version of RepA, containing the first WH1 domain (RepA-WH1), forms amyloid fibers in vitro. Although it remains to be seen if these occur in vivo, in E.coli, RepA-WH1 amyloids impact bacterial fitness and shorten cell division cycles (Fernández-Tresguerres et al., 2010). Many bacteria produce amyloid fibers that share structural and biochemical similarities with pathogenic eukaryotic assemblies. While most bacterial amyloids are secreted from the plasma membrane and are involved in host cell adhesion or biofilm formation (Bednarska et al., 2013), RepA-WH1 fibers are nonfunctional intracellular assemblies. Thus, RepA-WH1 aggregates are an example of an amyloid proteinopathy in bacteria that may serve as a model system for characterizing human disease.

[bookmark: _GoBack]In this issue of Structure, Torreira et al. (2015) report the first three-dimensional ultrastructure of a RepA-WH1 assembly. The authors found that soluble RepA-WH1 dimers can be converted to fibers by seeding with amyloid aggregates. Analyzed by both electron microscopy and atomic force microscopy, these fibers were found to be largely heterogeneous and polymorphic. However, by characterizing frayed ends the authors discovered that fibers were constructed from several filament units. Single-particle image processing methods, applied to isolated filaments, were used to define two filament subtypes. Conformational heterogeneity within each subtype was addressed, and their three-dimensional structures revealed single and double constituent RepA-WH1 helical nanotubes. Segmentation of the reconstructions and fitting of the RepA-WH1 crystal structure showed that both filament subtypes were composed of RepA-WH1 monomers. Thus, the structures shown here report a different arrangement of RepA-WH1 than was previously observed in the crystal structure of the dimer. The authors speculate this dissociation of dimers and the re-arrangement of monomeric RepA-WH1 may reflect structural transitions of RepA that could occur during initiation of DNA replication. 

Structural studies of amyloids have demonstrated that both fibers and their protofilament components have a highly variable ultrastructure. Amyloid protein, associated with Alzheimer’s disease, assembles into nanotubes with a unique triple helix molecular architecture (Nicoll et al., 2013). In contrast, a truncated fragment of transthyretin organizes into three distinct fibril types composed of multiple linear protofilaments (Fitzpatrick et al., 2013). While these studies characterize self-assembly of peptides, Torreira et al., present the hierarchical organization of a protein domain. All three studies report the variability of amyloids at both the intra and inter protofilament levels. This polymorphic molecular organization may be reflective of the diversity in clinical sub-phenotypes for amyloid-based disease.
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