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Curli are proteinaceous fibers found on the extracellular surface of many Gramnegative bacteria such as Escherichia coli and Salmonella enterica, where they
mediate biofilm formation and bacterial adherence to both biological and nonbiological surfaces. Apart from their physiological importance to bacteria curli
fibers share many biochemical and structural characteristics with amyloid fibers
including an extremely robust cross-β spine quaternary structure, and a selfassembling nature. Curli formation requires a dedicated protein secretion
machinery comprised of the outer membrane lipoprotein, CsgG, responsible for
the transport of pro-amyloidogenic curli CsgA subunits across the outer
membrane and two accessory proteins CsgE and CsgF. Once secreted, CsgA
subunits then aggregate into linear fibers on the extracellular surface in a
process that is templated by the minor subunit, CsgB. Numerous fundamental
questions about the curli biogenesis pathway remain unsolved. Recently the Xray structure of the CsgG translocator protein was solved within our group,
revealing a nonameric complex embedded in the outer membrane by a 36stranded β-barrel. Based on this structure and preliminary single-channel results
we observe that CsgG is an ungated, non-selective protein secretion channel.
We show that the secretion adaptor CsgE temporarily blocks the secretion
channel by formation of a dynamic complex with CsgG. Here we propose a
mechanism of “targeted diffusion” as a working model for the CsgG translocator,
a novel concept in protein secretion and protein transport as a whole.
Also the molecular events during curli nucleation and fiber extension remain
largely unknown. In this thesis the in vitro CsgA polymerization at single fiber
level was studied by combining established biophysical methods with real-time
in situ nanoscopic imaging using high speed atomic force microscopy. Our
findings support a model of direct, one-step nucleation where monomeric
species contemporaneously fold and oligomerize into minimal fiber units that
have growth characteristics identical to the mature fibrils that emanate from
these structures. We show that curli fibers display polar growth, and we detect
two kinetic regimes of fiber elongation.
In a synthetic biology context, the curli biogenesis pathway shows large
potential for the recombinant formation of highly robust, multivalent nanowires
that are attractive in a range of biotechnological applications. Using the curli
subunit CsgA as a carrier protein, affinity reagents can be recombinantly
introduced resulting in functionalized nanowires displayed on the bacterial cell
surface. Unfortunately, this first attempt was unsuccessful, as secretion of larger
polypeptide sequences through the CsgG transporter seemed to be inefficient.
Based on insights from the curli assembly pathway we developed and optimized
the display of purified CsgA fusions on an abiotic surface. In this proof-ofprinciple study, we show our curli-based biosorbent platform provides robust
materials with a great potential of functionality.

