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Summary

Amyloid fibres are proteinaceous aggregates asso-
ciated with several human diseases, including
Alzheimer’s, Huntington’s and Creutzfeldt Jakob’s.
Disease-associated amyloid formation is the result of
proteins that misfold and aggregate into B sheet-rich
fibre polymers. Cellular toxicity is readily asso-
ciated with amyloidogenesis, although the molecular
mechanism of toxicity remains unknown. Recently, a
new class of ‘functional’ amyloid fibres was discov-
ered that demonstrates that amyloids can be utilized
as a productive part of cellular biology. These
functional amyloids will provide unique insights
into how amyloid formation can be controlled and
made less cytotoxic. Bacteria produce some of the
best-characterized functional amyloids, including a
surface amyloid fibre called curli. Assembled by
enteric bacteria, curli fibres mediate attachment to
surfaces and host tissues. Some bacterial amyloids,
like harpins and microcinE492, have exploited amy-
loid toxicity in a directed and functional manner.
Here, we review and discuss the functional amyloids
assembled by bacteria. Special emphasis will be paid
to the biology of functional amyloid synthesis and
the connections between bacterial physiology and
pathology.

Amyloid: a convergence of diverse proteins along a
common folding pathway

The ability of bacteria to interact with their environment is
often mediated by the presence of cell-surface organelles
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composed of protein polymers. These extracellular
protein fibres are implicated in diverse processes like
locomotion, attachment to surfaces, natural competence
and host—pathogen interactions (Fernandez and Beren-
guer, 2000; Jonson et al., 2005). The extracellular envi-
ronment can be a harsh locale with little energy available
for protein folding, and dynamic physical conditions like
hydrophobicity, salt concentrations, pH fluctuations and
bombardment with denaturing chemicals. Therefore,
assembly of surface structures in the extracellular envi-
ronment would be predicted to feature proteins that can
self-assemble without assistance from cellular chaper-
ones, have low-energy folding requirements and are
resistant to denaturation and chemical perturbation.

One protein folding assembly pathway that satisfies
these conditions is amyloidogenesis. Amyloid fibril
assembly is a hallmark of diverse neurological diseases,
such as Alzheimer’s disease, Parkinson’s disease, Hun-
tington’s disease and bovine spongiform encephalopathy
(mad cow disease). Disease-associated amyloid forma-
tion is the result of misfolding and aggregation of peptides
into structurally conserved fibres (Ross and Poirier, 2004).
However, amyloid formation is also integrated as a critical
element of cellular physiology, and many organisms direct
amyloid fibre formation to accomplish important biological
tasks (Fowler etal., 2007). Whether the product of
disease-associated protein misfolding or a dedicated
assembly pathway, amyloid fibres are characterized by a
‘cross-P strand’ structure, where the 3 sheets are oriented
anti-parallel to the fibre axis (Sunde et al., 1997; Nelson
et al., 2005). This structure gives rise to common physical
properties. Amyloid fibres are self-assembling protein
polymers that are resistant to chemical and temperature
denaturation, and to digestion by proteinases (Nordstedt
etal., 1994). The B sheet-rich fibres also have similar
tinctorial properties: binding to amyloid-specific dyes like
Congo red and thioflavin T is diagnostic of amyloid
(Elghetany and Saleem, 1988). Amyloids are abundant in
bacterial biofilms, and a recent report suggested that up
to 40% of the biomass in activated sludge consists of
amyloid-like filaments (Larsen et al., 2007; 2008).

Much of our knowledge concerning the highly adaptive
amyloid fold comes from studies of eukaryotic protein-
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Fig. 1. The amyloid polymerization pathway
proceeds through a common intermediate.
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misfolding diseases. Each of these diseases shares a
common etiology: the conversion of soluble, non-toxic
protein into highly ordered and aggregative fibres.
Remarkably, the amyloid-forming proteins of different dis-
eases share little to no sequence homology while the
fibres themselves converge on a biochemically similar
B sheet-rich conformation. Indeed, a common folding
pathway characterizes most amyloid fibres where oligo-
meric intermediates form that give way to the mature
sheet-rich fibres (Fig. 1). Conformation-specific antibod-
ies have been isolated that recognize the transient oligo-
meric intermediate, but not soluble monomers or mature
fibres (Kayed et al., 2003). Conformationally reactive anti-
bodies raised against oligomers from the Alzheimer’s
disease-associated amyloid peptide (AB) also recognize
oligomers of non-related amyloid proteins. This suggests
that the amyloid folding pathway is conserved, even
among diverse amyloidogenic proteins (Kayed et al.,
2008; 2007; Larsen et al., 2007; 2008; Wang et al., 2007,
Yoshiike et al., 2007).

Evidence is accumulating that suggests that the most
toxic species formed by the amyloid folding pathway is
the oligomeric intermediate, not the fibres themselves
(Caughey and Lansbury, 2003). Further, the conformation
of the oligomers as viewed by electron microscopy seems
to be quite similar between different amyloid proteins.
Indeed, the similar structure of the pre-amyloid oligomers
may underlie their common mechanism of toxicity: spheri-
cal pre-amyloid oligomers may compromise the integrity
of membranes by acting as ion-conducting channels

A. Hypothetical amyloid folding pathway.
Soluble pre-amyloid peptides (green circles)
may accumulate and form a toxic oligomeric
common intermediate (tan circles) before the
appearance of mature fibres (red circles).
Arrow length corresponds to the relative
favourability of the folding step.

B. Electron micrograph of biologically active
pre-amyloid oligomer formed by the harpin
HpaG. Purified HpaG oligomers were
negatively stained with uranyl acetate before
visualization (Oh et al., 2007). Scale bar is
100 nm.

C. Electron micrograph of negatively stained
amyloid fibres generated by polymerization of
R1 peptide of CsgA, the major component of
curli fibres (Wang et al., 2007). Scale bar is
6 um.

(Caughey and Lansbury, 2003). This model of toxicity has
led to the speculation that the mature amyloid fibres may
serve a detoxifying function in cells, and so amyloid for-
mation may offer physiological benefits for cells.

Functional amyloids have been identified in mammals,
yeast and bacteria (Fowler et al., 2007). In bacteria, these
amyloids play diverse physiological roles, from providing
the building blocks of the extracellular matrix to mediating
toxicity in plants and bacteria — physiological processes
that are highly relevant to study in their own right. Func-
tional bacterial amyloids and their disease-associated
counterparts converge on a folding pathway that converts
soluble proteins to B sheet-rich fibres (Fig. 1). Functional
amyloid formation involves a transient oligomeric interme-
diate species akin to one detected in disease-associated
amyloids (Wang et al., 2007), and a pre-amyloid oligomer
has been implicated in the functional toxicity of the harpins
and microcinE492 (Bieler et al., 2005; Oh et al., 2007).
Notably, the properties that are the most exploited, and
even beneficial for the organisms that assemble functional
amyloids, are precisely those characteristics that are the
most detrimental when amyloids form in the context of
disease. This review focuses on some of the best-studied
bacterial amyloids and the insights on amyloid formation
that we can draw from their respective properties. In par-
ticular, we examine bacterial amyloids that appear to func-
tionally favour either the mature, non-toxic amyloid fibres
(e.g. curli) or the toxic oligomeric intermediate (e.g.
MccE492), as well as survey several newly discovered
functional bacterial amyloid-like proteins.
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Fig. 2. A secretion and assembly machine directs amyloid fibre formation in E. coli.

A. Model of curli assembly. Curli biosynthesis requires the products of the divergently transcribed csgBAC and csgDEFG operons. CsgD is a
transcriptional activator of the csgBAC operon. CsgB, CsgA, CsgE, CsgF and CsgG have SEC signal sequences that target them across the
inner membrane (IM). CsgG, CsgE and CsgF are non-structural proteins that interact at the outer membrane (OM). CsgA and CsgB are
secreted across the outer membrane in a CsgG-dependent manner (see text). CsgB interacts with the outer membrane and presents an
amyloid-like template to soluble CsgA (red triangles). CsgA adopts the amyloid conformation (red ovals) and becomes anchored to the cell
surface, where it can propagate the § sheet-rich amyloid fold onto unpolymerized CsgA monomers. It is unclear if CsgB is anchored directly to
the outer membrane or to the assembly complex via a protein—protein interaction (both are shown).

B. Curli fibres bind the amyloid-specific dye Congo red. Curliated bacteria stain red when grown on media containing the diazo dye Congo red

(left), but csg— bacteria remain white (right).

C. Electron micrograph of curliated bacteria, where the bacteria were grown for 40 h at 26°C prior to analysis (Wang et al., 2007). Scale bar is

1 um.

D. CsgG is the central component of the curlin secretion complex. Rotary shadow electron micrograph of purified CsgG indicates that it
assembles into regular barrel-like structures. Scale bar is 100 nm (Robinson et al., 2006).

Curli amyloid fibres: biology and pathology

Curli are highly aggregative surface fibres assembled
by many Enterobacteriaceae, including Escherichia coli
(Bokranz etal., 2005). First observed in 1989 in
fibronectin-binding E. coli isolates from bovine faecal
samples (Olsen et al., 1989), curli fibres have been shown
to mediate interactions between individual bacteria,
between bacteria and host tissues, and even to inert
surfaces that often resist bacterial colonization, like Teflon
and stainless steel (Gophna etal., 2001; Zogaj et al.,
2003; Ryu et al., 2004; Bokranz et al., 2005; Pawar et al.,
2005; Uhlich et al., 2006). Curli stimulate the host inflam-
matory response and contribute to persistence within the
host (Bian et al., 2000; Lawley et al., 2006). Curli are also
required for formation of bacterial multi-cellular communi-
ties called biofilms (Olsen etal, 1998; Gophna et al.,
2001; Johansson et al., 2001; Uhlich et al., 2002). Curli
fibres are 4—6 nm-wide, densely tangled masses of extra-
cellular structures that entangle cells (Fig. 2). Curli, like
other amyloid fibres, are resistant to proteinase digestion
and are insoluble when boiled in 1% SDS (Olsen et al.,
1989; Collinson et al.,, 1991). Curli fibres display a char-
acteristic B sheet-rich spectrum when analysed by circular
dichroism spectroscopy and bind the amyloid-specific
dyes Congo red and thioflavin T (Chapman et al., 2002).

© 2008 The Authors

The curli biogenesis machine

Curli assembly requires the products of at least two
divergently transcribed operons, csgBAC and csgDEFG
(Fig. 2). The csgBAC operon encodes the protein sub-
units of curli fibres, CsgA and CsgB (Arnqvist et al., 1992;
Collinson etal., 1996; Johansson etal., 2001; Knobl
et al,, 2001; La Ragione et al., 2001). A third gene in the
operon, ¢sgC, has no described function, nor has a tran-
script or protein been detected in E. coli. A recent report
on AgfC, encoded by the csgC homologue in Salmonella
spp., suggested that this protein influences the ultra-
structural characteristics of curli (Gibson et al., 2007).
CsgA is secreted from cells in a soluble, unfolded state
in the absence of CsgB (Hammar et al., 1996). CsgB,
which is associated with the bacterial outer membrane,
mediates the conversion of soluble CsgA into insoluble
and aggregative cell-surface fibres (Hammar et al., 1996;
Bian and Normark, 1997; Chapman et al., 2002; Hammer
et al., 2007). Interestingly, CsgA and CsgB need not be
expressed from the same cell to display these polymer-
ization activities. Curli fibres assemble on the surface of
csgA- (CsgB+) cells if grown adjacent to cells secreting
CsgA (csgB-) (Hammar etal, 1996; Chapman et al.,
2002). Interbacterial complementation suggests a model
for curli assembly termed ‘nucleation-precipitation’ and it
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1416 E. Ashman Epstein and M. R. Chapman

provides an elegant means to control amyloid formation
(Fig. 2). By separating the nucleator and polymerization
activities into two proteins, the cell can direct amyloid
formation by controlling when and where the CsgA and
CsgB proteins interact.

The csgDEFG operon encodes non-structural proteins
essential for production, stability and secretion of the
subunit proteins (Hammar et al., 1995; Loferer et al., 1997;
Chapman et al., 2002; Robinson et al., 2006). Efficient
secretion and polymerization of CsgA and CsgB requires
CsgE, CsgF and CsgG. CsgD is a transcriptional activator
of the csgBAC operon, and is also a critical activator of
several other operons necessary for biofilm formation,
most notably, the cellulose biosynthesis pathway (Brom-
bacher et al., 2003; Gerstel and Romling, 2003; Gerstel
et al., 2003). The intergenic region between csgDEFG and
csgBAC is one of the largest in E. coli, and the expression
of the curli operons is regulated by a complex blend of
factors that fine-tune operon expression according to envi-
ronmental conditions. The interplay between different
regulatory factors leads to strain-specific responses to any
given condition or set of conditions (Romling, 2005; Barn-
hart and Chapman, 2006). CsgB, CsgA, CsgE, CsgF and
CsgG each have putative Sec translocation sequences
that target them for translocation across the cytoplasmic
(inner) membrane. CsgG is an outer membrane-localized
lipoprotein that is essential for stability and secretion of
CsgA and CsgB (Loferer etal., 1997; Robinson et al.,
2006). Purified CsgG forms barrel-shaped oligomeric
structures (Fig. 2), and its expression is correlated with
pore-like properties such as increased sensitivity to eryth-
romycin (Robinson et al., 2006). CsgG must be localized to
the outer membrane in order to stabilize CsgA or CsgB,
and CsgG variants localized either to the inner membrane
or the periplasm are unable to stabilize or secrete the
subunits (Robinson et al., 2006). CsgG interacts with a
specific domain at the N-terminus of CsgA; this domain can
be used to target non-csg proteins to CsgG (Robinson
etal., 2006). CsgG has also been demonstrated to
co-immunoprecipitate with CsgE and CsgF at the outer
membrane. CsgG is sufficient to mediate CsgA secretion
out of the cell, but CsgE and CsgF are required for efficient
curli fibre assembly under most conditions (Hammar et al.,
1995; Chapman et al., 2002). The molecular details of
CsgE and CsgF function are unclear, although some clues
point to their activities. csgE mutants do not assemble curli
fibres, and the stability of the CsgA and CsgB proteins is
greatly reduced relative to wild type (Chapman et al.,
2002). csgF mutants are deficient in nucleation and exhibit
a delay in assembly of curli fibres (Chapman et al., 2002;
Hammer et al.,, 2007). Increased amounts of CsgA are
secreted when cells lack CsgF, which suggests that CsgF
has a negative effect on CsgA secretion (Chapman et al.,
2002; Hammer et al., 2007).

Curli biogenesis is an extremely efficient process, but
the mechanism by which assembly is achieved is only
beginning to be described. How does the cell prevent
internal amyloid assembly (that is, association of CsgA
and CsgB prior to their localization to the cell surface)? No
accumulation of intracellular intermediates is detected in
the absence of CsgG, although the reasons for this
remain uncharacterized (Robinson ef al., 2006). In addi-
tion, the functions of CsgE and CsgF appear to modulate
some undefined aspect of CsgG activity, as secretion and
stability of CsgA and CsgB are altered in this strain
(Chapman et al., 2002; Hammer et al., 2007). Fortunately,
E. coli is highly amenable to biochemical and genetic
analysis, making possible molecular dissection of nucle-
ation and polymerization.

Molecular dissection of curli nucleation and
polymerization

The amino acid sequences of CsgA and CsgB contain
three readily identifiable domains: a Sec secretion signal,
an N-terminal sequence that, at least for CsgA, targets the
protein to CsgG, and an amyloid core domain that is
incorporated into amyloid fibres (Collinson et al., 1991;
Robinson et al., 2006; Wang et al., 2007). The amyloid
core can be further divided into five repeating units. The
repeating units are characterized by a fivefold internal
symmetry, where each unit is comprised of 19-24 amino
acids containing conserved serine, glutamine and aspar-
agine residues (Wang etal, 2007). Interestingly, the
CsgA repeating units have different propensities for
aggregation, and three of the five units are distinctly amy-
loidogenic (Olsen et al., 2002; Wang et al., 2007).

CsgA can be readily purified from the culture superna-
tants of a strain overexpressing both CsgA and CsgG;
CsgA is an unstructured, soluble monomer immediately
following purification (Chapman et al.,, 2002). Purified
CsgA self-assembles into amyloid fibres several hours
after purification (Wang et al., 2007). Amyloid polymeriza-
tion of CsgA in vitro can be followed in real time by
monitoring the fluorescence emitted when the protein is
mixed with the amyloid-specific dye thioflavin T (Wang
et al., 2007). In vitro kinetic studies on CsgA polymeriza-
tion suggest that the elongation process can happen in
three distinct phases: a lag phase, a fast phase and a
stationary phase (Fig. 1). The lag phase of CsgA polymer-
ization can be abolished by adding a small amount of
pre-formed CsgA fibres, or ‘seeds’ (Wang et al., 2007).

The amyloid field has long sought to identify the
factor(s) that trigger conversion or nucleation of soluble,
pre-amyloid monomers into mature amyloid fibres. The
curli system is positioned to lend insight into this process,
because CsgB is the only dedicated nucleator protein
described. It has recently been shown that the CsgB
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C-terminus mediates interaction with the outer mem-
brane; truncation of CsgB results in its secretion away
from the cells (Hammer et al., 2007). How the C-terminal
domain mediates membrane interaction is undefined. The
N-terminal domain of CsgB self-assembles into amyloid
fibres in vitro and in some conditions can nucleate CsgA
into curli fibres in vivo (Hammer et al., 2007). The CsgB
N-terminal domain can abolish the lag phase of CsgA
polymerization in vitro, suggesting that CsgB-mediated
nucleation of CsgA may occur via presentation of an
amyloid-like template to soluble CsgA molecules
(Hammer et al., 2007).

The ability of CsgA and CsgB to self-assemble into
fibres coupled with the ability of the fibres to seed CsgA
amyloid polymerization suggests a template-driven
mechanism for the assembly of curli fibres (Hammer
et al.,, 2007; Wang et al., 2007). First, CsgA may adopt the
amyloid conformation presented to it by CsgB at the cell
surface. Second, amyloid CsgA can itself act as a tem-
plate for the subsequent conversion and incorporation of
unpolymerized CsgA monomers to the growing tip of the
curli fibre (Fig. 2). It is noteworthy that full-length CsgB
does not form fibres in vivo, and thus may be an ex-
ample of a non-fibre-forming amyloid-like protein. The
membrane-associated C-terminus of CsgB may prevent
CsgB from polymerizing by anchoring the protein to the
membrane, but the exact mechanism underlying this
aspect of CsgB behaviour remains to be elucidated.
CsgA, on the other hand, seems to be adapted to poly-
merize into amyloid fibres and yet to only undergo that
process, in vivo, when CsgB is available to nucleate it.
Elucidation of the molecular details of the CsgB-CsgA
interaction and the determinants of CsgA response to
nucleation and self-seeding will provide new insights into
amyloid assembly.

Amyloid formation of microcin E492: exploitation of
toxic oligomers

Microcin E492 (MccE492) of Klebsiella pneumoniae is a
toxic, bactericidal protein that assembles into oligomeric
pores in the inner membrane of neighbouring bacteria.
MccE492, which specifically targets Enterobacter
species, is imported across the bacterial outer membrane
in a receptor-mediated fashion (Destoumieux-Garzon
et al.,, 2003). MccE492 has been shown to form voltage-
independent ion channels in planar lipid bilayers. The
molecular weight of MccE492 is 6 kDa, but conductance
observed for MccE492 ion channels suggests that an
oligomeric species forms this pore (Lagos et al., 1993).
The toxicity of the MccE492 peptide changes over the
growth cycle of the K. pneumoniae: toxicity is greatest
during exponential phase and lowest during stationary
phase. No difference in the mass of the peptide,

© 2008 The Authors
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post-translational modification or protein stability can be
detected during these different phases (Bieler etal.,
2005).

The change in bactericidal activity of MccE492 when
cells transition into stationary phase is proposed to be
dependent on amyloidogenesis. MccE492 forms amyloid
fibores in vivo that correspond to MccE492 toxicity
decrease. The assembly of amyloid fibres can be moni-
tored in vitro, and corresponds to a loss of toxicity (Bieler
et al,, 2005). Therefore, as MccE492 forms toxic oligo-
meric channels in membranes, the biologically active
MccE492 species is presumably a transient pre-amyloid
oligomer. A tempting speculation is that the toxic MccE492
species has structural similarity with the toxic, transient
oligomeric species formed by disease-associated
amyloids. Interestingly, MccE492 has been shown to
trigger apoptosis in some human cell lines, reminiscent of
the toxic effect observed for disease-associated pre-
amyloid oligomers (Hetz et al., 2002). K. pneumoniae pro-
duces a small protein localized to the inner membrane,
MceB, which confers resistance to MccE492 toxicity
(Lagos et al., 1999). The mechanism of MceB-mediated
immunity has not been reported.

Emerging bacterial amyloids: harpins, chaplins
and MTP

Harpins are virulence factors for plant pathogens such
as Xanthomonas, Erwinia and Pseudomonas species.
Harpins are substrates of type lll secretion, and they elicit
‘hypersensitive response’ in the plant host. Hypersensitive
response is the generation of cell death in a localized
region of plant tissue — presumably to prevent spread of
the pathogen. Hypersensitive response is characterized
by changes in ion flux followed by production of reactive
oxygen species (Heath, 2000). The mechanism by which
harpins induce hypersensitive response is unclear and
controversial, although evidence suggests that these pro-
teins may compromise membrane integrity (Lee et al.,
2001). A recent report shows that harpins from several
species could form amyloid-like fibres in vitro (Oh et al.,
2007). Furthermore, harpin amyloid formation can be
linked to the hypersensitive response. The amyloid-
forming ability of HpaG, a harpin from Xanthomonas,
directly correlates with hypersensitive response. A mutant
HpaG unable to form amyloid also fails to elicit the
hypersensitive response. Interestingly, size exclusion
chromatography and visualization by electron microscopy
suggests that a tetrameric oligomer is present at the ear-
liest time points that elicit hypersensitive response, and
that the oligomer does not form in the non-toxic mutant
(Oh et al., 2007). The sequence determinants of HpaG
amyloid formation have not yet been fully reported. HpaG
possesses a glutamine-rich prion-like domain, but this
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domain is dispensable for hypersensitive response
(Kim et al., 2004).

Streptomyces coelicolor are soil bacteria, akin to fila-
mentous fungi, which produce aerial hyphae to dispense
spores. The biogenesis of aerial hyphae is a physical
challenge that requires a dramatic change in the surface
hydrophobicity of the organism: the subterranean hyphae
are hydrophilic while the aerial hyphae and spores are
hydrophobic (Elliot et al., 2003). This change in hydropho-
bicity is a result of the SDS-insoluble ‘surface layer’ on the
aerial hyphae and spores. The formation of the surface
layer requires a group of proteins called chaplins
(Claessen etal., 2003). Chaplins in S. coelicolor are
encoded by chpA-H and are necessary for formation of
aerial hyphae (Claessen etal, 2003). The chaplins
assemble into a network of amyloid fibres in the surface
layer; the fibres self-assemble to B sheet-rich fibres in vitro
and bind amyloid-specific dyes. The amyloid properties of
chaplins might impart a hydrophobic nature to the surface
layer and cause a decrease in the surface tension at the
air-water interface. The hyphae then could be freed from
the soil and continue to grow up into the air (Claessen
et al., 2004). The mechanism by which chaplin amyloids
assemble and the individual contributions of the eight
chaplin proteins to the amyloid network remain largely
undefined. Remarkably, addition of crude chaplin-
containing cell extract restores formation of aerial hyphae
to mutant S. coelicolor filaments lacking some of the chp
genes, an observation reminiscent of the interbacterial
complementation phenotype of curliated bacteria
(Claessen et al., 2003). Further, there may be a temporal
regulation influencing the expression of the genes encod-
ing chaplins (Claessen et al., 2003), suggesting that a
co-ordinated amyloid biosynthesis pathway is at work in
the assembly of chaplin amyloids.

A recent report describes the presence of thin, highly
aggregative protein fibres on the surface of Mycobacte-
rium tuberculosis (Alteri et al., 2007). Electron micro-
scopic analysis of the M. tuberculosis pili (MTP) shows
fibres that are strikingly similar to curli fibres. MTP are
SDS-insoluble and bind Congo red, suggesting that MTP
indeed may be an amyloid fibre. The significance of MTP
fibres for M. tuberculosis physiology is unknown, but more
than half of recently examined tuberculosis patients
possess antiserum to MTP, suggesting that MTP pro-
duction may be part of M. tuberculosis pathogenesis
(Alteri et al., 2007).

In conclusion: protein misfolding done right

The discovery of proteinaceous plaques in the brains of
deceased dementia patients launched a hundred-year
exploration for the factors that mediate the conversion of
soluble, non-toxic proteins into aggregative amyloid

fibres. Despite this effort, the exact nature of amyloid
toxicity and the initiation of amyloid protein aggregation
remains unclear. Bacteria exploit amyloid folding path-
ways to accomplish a variety of tasks, from attachment
and colonization to toxicity and pathogenesis. Bacteria
apparently utilize the toxic intermediate species (in the
cases of MccE492 and the harpins) as well as the mature
amyloid fibre (as in curli and the chaplins) in positive
ways. The study of bacterial amyloid fibres may hold the
key to understanding the methods nature has evolved to
harness the power of amyloid formation and direct it to
beneficial uses.
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