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An ageing society faces an increasing number of neurodegenerative diseases such as Alzheimer’s, Parkinson’s, and
Creutzfeld-Jacob disease. The deposition of amyloid fibrils is a pathogenic factor causing the destruction of neuronal
tissue. Amyloid-forming proteins are mainly a-helical in their native conformation, but undergo an o-helix to
B-strand conversion before or during fibril formation. Partially unfolded or misfolded B-sheet fragments are discussed
as direct precursors of amyloids. To potentially cure neurodegenerative diseases we need to understand the complex
folding mechanisms that shift the equilibrium from the functional to the pathological isoform of the proteins
involved. This paper describes a novel approach that allows us to study the interplay between peptide primary
structure and environmental conditions for peptide and protein folding in its whole complexity on a molecular level.
This de novo designed peptide system may achieve selective inhibition of fibril formation.

Introduction

The special feature of proteins involved in Alzheimer’s or prion
diseases is their ability to adopt at least two different (meta)stable
conformations. Thus, amyloid-forming proteins that mainly
contain o-helical structures in their native conformation must
undergo an o-helix to B-strand conversion before or during
fibril formation. Protein aggregation leads to the deposition

conformational transition that shifts the equilibrium from the
functional to the pathological isoform can happen sporadically.
The conformational change can also be triggered by mutations in
the primary structure as well as by changes of the environmental
conditions such as pH, ionic strength, metal ions, protein con-
centration, oxidative stress, free radicals, and by physiological
or pathological chaperons. Alternatively, a small quantity of a
misfolded protein fragment may act as a structural template

of the insoluble protein forms in the tissue concerned."” The that initiates the conformational conversion causing the disease.
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While the spontaneous forms of such diseases are extremely
common, inherited factors, even single mutations within the
amino acid sequence, may be of paramount importance.

How can we elucidate the complex folding mechanisms that
occur during the transformation from o-helix to B-sheet and
beyond that to the formation of amyloids? What would be a
practical system for studying the consequences of the interplay
between peptide primary structure and environmental factors
for peptide/protein folding on a molecular level? What kind of
intrinsic factors enable a peptide/protein structure to transfer its
secondary structure motif onto an unfolded protein fragment?
The aim not only to inhibit, but also to reverse -sheet formation
and aggregation is even more challenging. If aggregation can
be inhibited, at what stage of this process do we have a
chance to interfere? The understanding of how complementary
interactions determine the structure of polypeptides holds the
key to answering these questions.

The system we have developed is based on an antiparallel,
26 amino acid o-helical coiled coil peptide with unprotected N
and C termini. It can be modified such that a switch from the
o-helical state to a random coil and/or a B-sheet structure, and
in reverse, can be induced by changing various environmental
conditions. Thus, our strategy is different from those reported
in the literature. The big advantages that we see in the coiled coil
system are:

(1) The a-helical coiled coil protein folding motif is very well
studied and the design principles are known in detail, implying a
better predictability of the system compared to isolated helices.

(2) The driving force for the helix formation is the interaction
of intrinsically complementary surfaces. This is a valuable
property not only for the study of cooperative processes, but
also for a systematic investigation of the influence of mutations
in the primary structure on the stability of secondary structure
motifs.

(3) No restrictions are exerted on the system, such as
covalent modifications, non-natural building blocks, linkages,
etc., allowing our investigations to be compared with naturally
occurring scenarios.

(4) No peptide bonds are formed or rearranged during
the folding processes, thereby laying the foundation for the
reversibility of the system.

Before we introduce our concept in detail, we will first
explain the basic features of the secondary structures that are
involved, namely a-helices and -sheets, as well as several known
approaches for switching between these secondary structure
motifs.

Switch peptides

The formation of amyloid fibrils in neurodegenerative diseases
is caused by partially misfolded and/or unfolded intermediates
of the proteins involved. Therefore, the investigation of peptides
and proteins which can change their conformation under certain
conditions is of increasing interest (Fig. 1).>*
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Fig. 1 Several approaches for studying o-helix — B-strand switches.
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The de novo design of such “switch peptides” was first
described by Mutter et al. in 1991."° They could show that
aggregated amphiphilic a-helices can be switched to double
layer [B-sheets by changing the pH. This system is based
on an amphiphilic B-sheet peptide that is built of alternat-
ing hydrophobic and hydrophilic amino acids. The primary
structure was modified to make a helical conformation more
favorable. Therefore, some of these alternating amino acids
were substituted by neutral amino acids resulting in a 16
amino acid peptide that forms amphiphilic helical aggregates
with a hydrophobic and a hydrophilic side on each helical
cylinder.

Another approach was presented by the group of Mihara,"**
who generated a parallel 16 residue a-helical coiled coil dimer,
covalently linked by a cysteine spacer at the C-terminus and
equipped with a highly hydrophobic adamantane group at the
N-terminus. This system forms B-sheets in buffered solution
that rearrange to fibrils within two weeks. The conformational
change is induced by the interaction of adamantane groups
that serve as a “hydrophobic defect” and trigger a slow a to
transition. Capturing the adamantane groups by cyclodextrine
prevents aggregation and the a-helical coiled coil structure
remains stable. A similar system was described recently by
Kammerer et al., where neither covalent linkages nor hydropho-
bic defects were necessary for the time-dependent structural
change."

In addition to time and pH dependent switches, the redox
state also appears to be a factor that influences the secondary
structure of peptides. Gellman ez al. studied a methionine-rich
peptide that changes its conformation from an antiparallel B-
sheet structure at the oxidized sulfon and sulfoxide state of
the methionine to an aggregated o-helical form in the reduced
species.”® Thus, the secondary structure of an 18 amino acid
peptide has been shown to be alterable just by converting four
residues from a lipophilic to a hydrophilic character. These
results lead to the assumption that the amphiphilic order of
amino acids is a strong determinant of peptide and protein
folding.

Woolfson et al. described a peptide system that alters the
conformation from an o-helix to a B-hairpin motif under the
influence of thermal denaturation.’* They conclude that a
straight destabilization of the a-helical coiled coil structure does
not necessarily result in a conformational change, but incor-
poration of B-sheet preferring amino acids into the f-position
of an o-helical coiled coil peptide promotes the sensitivity of
the structural switch. Furthermore, the results show that the
formation of the B-sheet structure and the resulting amyloid
aggregation proceeds with an unfolded intermediate as a direct
precursor. A more recent study by Mutter et al. induces the
secondary structure switch by the formation of a newly formed
peptide bond between two fragments.!”

In a theoretical approach, Peng and Hansmann applied mul-
ticanonical Monte Carlo simulations to investigate the nature of
a secondary structure switch of a small peptide sequence which
occurs in various proteins.”® The simulations showed that this
seven-residue peptide adopts a helical conformation in solution
as well as under gas phase conditions. However, the secondary
structure switches to a B-sheet once two strands of this peptide
get into close proximity to each other due to strong electrostatic
effects and van der Waals interactions.

These results show that the o-helix to B-sheet secondary
structure switch appears to be a highly sensitive process triggered
by a huge diversity of environmental factors and parameters.
Additionally, cooperativity effects seem to play a major role
in the conformational evolution and switch properties of o-
helical species as well as B-sheet motifs. Hence, it follows
that the detailed investigation of the coherence between the
switch properties of peptide structures and cooperativity is of
paramount importance to understand disease related B-sheet
and amyloid formation processes.



a-Helical coiled coil peptides

The o-helical coiled coil folding motif is one of the most
widespread structural motifs in nature. Approximately 3%
of amino acids in naturally occurring peptides and proteins
are involved in the formation of coiled structures.”® o-Helical
coiled coils typically consist of two to five right-handed a-helices
which are wrapped around each other to form a left-handed
superhelical twist.! A schematic view of a dimeric antiparallel
coiled coil is shown in Fig. 2.
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Fig. 2 Schematic model of an antiparallel coiled coil dimer.

The primary structure of each helix is characterized by a
periodicity of seven residues, the so-called 4-3 heptad repeat
which is commonly denoted (a-b-c-d-e-f-g), (Fig. 3). Positions
a and d are typically occupied by apolar residues (Leu, Ile, Val,
Met) that form a special interaction surface at the interface of
the helices by hydrophobic core packing (“knobs-into-holes™).?
In contrast, the positions e and g are frequently occupied by
charged amino acids (most commonly Glu and Lys) that form
inter-helical ionic interactions.?®* Polar residues are often found
in the remaining heptad repeat positions b, ¢, and f, which are
solvent exposed, located at the opposite side of the motif.

electrostatic
interactions

" N\

Fig. 3 Helical wheel presentation of an o-helical coiled coil motif.
Yellow: positions occupied by hydrophobic amino acids, red: positions
occupied by charged amino acids.

The hydrophobic core provides the major contribution to the
structural stability of the a-helical coiled coil. The allocation
of the two positions, a and d, of this interface in regard to
the different types of hydrophobic residues, B- and y-branched,
controls the order of aggregate formation. Introducing specific,
buried polar interactions within the hydrophobic core provides
an efficient way to direct the helical alignment.” In contrast,
the inter-helical ionic pairing positions, e and g, mainly dictate
the specificity of folding (parallel versus antiparallel) as well
as promoting the preference for homo- or heterotypic a-helical
coiled coil formation.?** Amino acids in these positions provide
less overall stability for this folding motif and have less effect on
the direction of the oligomerization state than hydrophobic core
residues.

A third recognition domain is formed by intramolecular
charge interactions between positions ¢/g and b/e, respectively,
of the single helices. These interactions indirectly influence
the stability of a-helical coiled coil folding by stabilizing or
destabilizing the single helices.*! Position f of the heptad repeat
is not part of any of the three recognition domains. Therefore,
its contribution to helix stability has not yet been defined if it
exists at all. Fig. 3 shows a simple model of an a-helical coiled
coil peptide dimer.

B-Sheet peptides

B-Sheets are not as uniform as o-helices and their basic
design principles and folding characteristics are much more
complicated. Despite the importance of f-sheets as one of
the most important secondary structure elements in proteins,
the principles underlying their formation and stability are
not understood in detail.®* In general, two major problems
complicate detailed elucidation of the B-sheet folding motifs.
The intrinsic tendency to aggregate usually results in solubility
problems that make sample handling difficult. Furthermore, the
absence of well determined cross-strand amino acid preferences
in protein f-sheets constrains the use of long-range interactions
in the de novo design.® Thus, the design of B-sheets, that fold
with high specificity, is a challenging topic in modern peptide
chemistry.

Various attempts have been made to design B-sheet peptides
de novo. Due to the frequent occurrence of B-hairpin motifs
in natural proteins, the majority of work in the early years
focused on constructs that consist of two B-strands linked by
a B-turn inducing element or a short loop.* A schematic view
of such a B-hairpin is shown in Fig. 4. Based on this work,
many non aggregating multi-stranded peptides with up to eight
B-strands have been synthesized, characterized, and applied in
several studies to elucidate the general interaction pattern in -
sheets.®35%3738 Although the non-aggregating nature of these
peptides facilitates detailed investigation of the B-sheet motif
itself by high resolution methods such as NMR, these systems
are usually unsuitable for use as models for studying peptide
aggregation and fibril formation.
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Fig. 4 Schematic view of a B-hairpin peptide.
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Designing monostranded f-sheet peptides that are not
linked by loops, turns, or other non-natural scaffolds is very
complicated due to the absence of well-defined interaction
patterns between peptide strands. Early studies revealed that
an alternating pattern of hydrophobic and hydrophilic amino
acids compared to those observed for amphipathic a-helices is
required, especially if the peptide is associated with amyloid-
like fibril formation.’ In 2000, Koide ez al. proposed that B-
sheet formation is not necessarily related to the formation of
a hydrophobic core and showed that large amino acid side
chains are able to stabilize the B-sheet by burying the non-polar
surfaces.’?** Interestingly, the interactions that force a peptide to
fold into a B-sheet are in general not as different as those found
for a-helical structures. A comparison of the major contributors
to the stability of a-helices and B-sheets given in Table 1 shows
only one main difference which is the pattern of hydrogen bond
formations.

The intrinsic secondary structure propensities of amino acids
are an important factor. It is necessary, however, that these
values are determined by calculating the total distribution in
secondary structure elements of naturally occurring peptides
and proteins.*' Thus, the suitability of these data for de novo
design is restricted due to the partial incomparability of the
structural data of large proteins and those obtained for small
peptides. Hydrophobic effects are one of the major contributors
to B-sheet stability. Numerous studies on B-hairpin peptides
and strand-extended hairpins have shown that the burying of
hydrophobic residues within the B-sheet strands is one of the
major thermodynamic driving forces for the secondary structure
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Table 1

Comparison of the major features that contribute to the stability of a-helical coiled coils and B-sheets?>#-#

a-Helical coiled coil

B-Sheet

Amino acid intrinsic secondary structure properties
Sidechain-sidechain hydrophobic interactions

Interstrand electrostatic interactions

Intramolecular hydrogen bonds

Intermolecular hydrogen bonds

formation.?**4%% According to these findings, the general rule
“the more hydrophobic, the more B is at least partially true,
although the incorporation of hydrophobic residues into a
peptide does not necessarily result in the formation of a B-sheet
secondary structure. Electrostatic interactions and salt bridges
contribute significantly to B-sheet stability as well. As in case
of a-helical coiled coil peptides, these electrostatic interactions
are only minor contributors to overall stability, even though they
assist the secondary structure formation and direct the specificity
of folding.3*** The last and perhaps most important contributor
to B-sheet stability is hydrogen bonds. Unlike a-helical structures,
where hydrogen bonds are formed intramolecularly within one
helix, hydrogen bonds in [-sheets are formed between two
different peptide strands. In conclusion, as in the case of o-
helices, the important factors for B-sheet formation appear to
be a balanced mixture of intrinsic amino acid propensities,
hydrogen bonds, and hydrophobic effects. Thus, the general
interaction patterns of o-helices and B-sheets are more similar
to each other than expected. Indeed, the ability to form amyloid
fibrils is not only limited to some proteins associated with
known physical dysfunctions, but rather a widespread feature of
many, perhaps all, polypeptide chains.*** Accordingly, amino
acid side chains seem to be less important for fibril stability
as they are stabilized by interactions involving the polypeptide
main chain. However, the primary structure strongly affects the
propensity of a peptide sequence to form amyloid fibrils, which
can differ drastically between varying sequences under given
circumstances.*

Inhibition of fibril formation

Whereas the soluble forms of proteins involved in amyloid
diseases are highly various in sequence and structure, the aggre-
gated forms have many structural characteristics in common,
such as the binding of certain dye molecules e.g. Thioflavin T or
Congo red. Many of the aggregates show typical fibrillar struc-
tures featuring very similar morphologies, namely unbranched
and twisted structures with a diameter of a few nanometres
and mostly several micrometres in length. In these aggregates
B-sheets are found to be orientated perpendicularly to the fibril
axis.*

To develop therapies for amyloid-related diseases several
strategies are currently being pursued. One of the most promis-
ing therapeutic strategy is the inhibition of peptide/protein
aggregation using inhibitor molecules. To date a large number
of diverse organic compounds are known to inhibit fibril
formation. The ability to prevent aggregation of the -amyloid
peptide (AP), involved in Alzheimer’s disease, has been reported
for Congo red,” the yellow curry pigment curcumin,*® -
cyclodextrin,® aspirin,® oligomeric aminopyrazoles® as well
as for nicotine which seems to prevent amyloid formation by
binding either an a-helical or a B-sheet element within Af.5>%
Due to the lack of specificity and toxicity of most of these
substances, their suitability as defined anti-agents of specific
diseases is highly limited.

The design of peptide based inhibitors provides an attractive
alternative to overcome such hurdles. Tjernberg ez al. ascertained
that the residues 16-20 within AP are essential for AP aggrega-
tion. The pentapeptide AB(16-20) is able to bind full length
AP and prevents its polymerization into fibrils.** Based on this
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finding, different peptide based inhibitors have been developed
using the wild-type peptide as a lead structure.

Proline is well known as a f-sheet breaker amino acid. Soto
and co-workers, one of the pioneers in the study of B-sheet
breaker peptides, designed inhibitors for AP aggregation that
incorporate proline into a short peptide sequence deduced
from the recognition element of AB. This approach led to the
generation of small peptides that inhibit amyloid formation in
vitro as well as reduces cerebral AP deposition in rat brain.* A
similar strategy is the insertion of o-aminoisobutyric acid. This
non-natural amino acid interrupts fibril aggregation due to its
high tendency to induce helical conformations.*

The incorporation of N-methyl amino acids was shown to
inhibit amyloidosis. These peptides bind to fibrils by presenting
a complementary hydrogen-bonding face on one side, while
the opposite side presents N-methyl instead of backbone NH
groups. Thus, further fibril growth is disturbed by retarding
hydrogen bond formation.5”-*

The concept

The general interaction patterns of a-helices and B-sheets are
very similar (see above). This led to the idea of developing a
model of peptide sequences which contains structural elements
for both stable a-helical folding as well as -sheet formation as
competing subunits. Ideally, this system could then be predicted
to adopt one of these secondary structures at will by applying
the appropriate environmental conditions.

The structure as well as the design principles of the a-helical
coiled coil folding motif have been subject to intense scrutiny.?®
Therefore, this protein folding motif can serve as a perfect basis
to start investigating the influence of a peptide primary structure
and its modifications on the stability of the resulting secondary
structure. The heptad repeat primary structure can be divided
into two main domains; positions that form the dimerization
domains (a, d, e, g) and positions that are solvent exposed (b, c,
f).® The fundamental idea of our design is that, although amino
acids in positions b, ¢, f do not directly influence interactions
between both helices, they still affect the stability of the helix
monomer itself. Therefore, amino acids in these positions will
have an impact on the cooperative interactions that induce helix
dimerization. Furthermore, in the case where the same peptide
would fold into a B-sheet, these amino acids will contribute to
the stability of such an assembly equally to all other positions
(Fig. 3).

Fig. 5 A shows the helical wheel presentation of the de novo
designed parallel o-helical coiled coil basis peptide. Positions
a and d are occupied by leucine residues, forming an ideal
first recognition domain. In addition, inter- and intrahelical
electrostatic interactions between position e, g, b, and ¢ are
exclusively optimized for attractions by the incorporation of
oppositely charged lysine and glutamate residues. Thus, the
observed secondary structure of this peptide is a perfectly folded
a-helical coiled coil.

Based on this ideal a-helical coiled coil sequence, several
analogues were designed to receive peptides that can react to
environmental changes upon alteration of their conformation.
The structure of these peptides can be switched from the
o-helical coiled coil to an unfolded form (see Fig. 5B) as
well as into soluble B-sheets (see Fig. 5C). To maintain the
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Fig. 5 The general concept.

opportunity for a complementary driven a-helical coiled coil
folding, modifications of the primary structure have been only
carried out at solvent exposed, non-coiled coil dimerization
related b, c, and f positions. All the a, d, e, and g positions,
which are important for a-helical coiled coil folding, have not
been touched, but optimally maintained in terms of favorable
hydrophobic and electrostatic interactions. Thus, the generated
peptides exhibit two different secondary structure elements that
are in direct competition to each other. More importantly, even
unfolded and misfolded forms can still be involved in an a-helical
coiled coil arrangement. As a result, adding equimolar amounts
of the ideal a-helical coiled coil basis sequence (Fig. 5A) forces
these peptides to cooperatively fold into a stable heteromeric
a-helical structure.

A peptide containing the above-described features of an o-
helical coiled coil as well as certain B-sheet inducing elements,
has been designed and investigated to study the influence of
different environmental parameters on the secondary structure
switch from o-helix to B-sheet. The pH was shown to be a strong
determinant of the preferred secondary structure and indirectly
controls the time-dependent aggregation behavior of the peptide
(Fig. 6). Thus, the formation of amyloid fibrils can be perceptibly
inhibited or triggered by a change of pH.

(a)

204

[0]/10° deg cm’ dmol’
o,

FFS
o
1

A/ nm

’ " T y T ' T v
190 200 210 220 230 240

Metallochemical reactions are considered to be a common
denominator for the development of neurodegenerative diseases
as the concentration of heavier metal ions in brain tissue is
naturally high.®® The AP deposits assembled in the brain of AD
patients, as well as the strain variant conformation of PrP*, have
been reported to depend upon Cu?* and Zn?* interactions.**¢!
The o-helical coiled coil based peptide model could be shown
to serve as a simple system for a systematic study of the
impact of different metal ions in their different oxidation states
on a peptide secondary structure on a molecular level. With
this system in hand we can study the impact of metal ion
complexation, especially the interplay between the number of
His complexation sites, its position within the heptad repeat,
the nature of the metal ion as well as its concentration on the
secondary structure formation in detail. His mutations were
incorporated into the heptad repeat to generate complexation
sites for Cu?* and Zn** ions.®?

Fig. 7 shows two peptide sequences, both containing several
valine residues that decrease the propensity of helical folding.
In addition, peptide CCM features four histidines per helix
as metal-ion ligation sites. Due to the generally high B-sheet
forming propensities of the peptides, trifluoroethanol (TFE) was
used to assist a helical starting conformation.

Fig. 6 Time-dependent switch of a de novo designed B-sheet forming peptide. (a) CD spectra at different incubation times (0.5 mM peptide, 10 mM
acetate buffer, pH 4.0). (b) Transmission electron microscopy (TEM) image of the resulting amyloids after 75 h (0.1 mM peptide, 10 mM acetate

buffer, pH 4.0, negatively stained with 1% uranylformate).
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Fig. 7 Helical wheel diagram (a) and sequence drawn as -sheet (b) of
peptide CC and CCM.

Once Zn** or Cu** are added, the secondary structure with
a helical content of 85% converted to 70% B-sheet (Fig. 8).
Capturing the metal ions by the scavenger EDTA results in
complete reversion of the structural change.
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The formation, relative stability, and possible stoichiometries
of two (self) complementary peptide sequences (B and E)
designed to form either a parallel homodimeric (B 4+ B) or an
antiparallel heteromeric (B 4+ E) coiled coil have been investi-
gated by molecular dynamics simulations and CD spectroscopic
measurements.®® Peptide B shows a characteristic coiled coil
pattern in the CD at pH 7.4, while peptide E has been shown to
primarily adopt the unfolded random coil structure under these
conditions (Fig. 9). The hydrophobic and charged recognition
domains of both peptides are complementary to each other.
Peptide E forms an a-helical coiled coil when mixed with peptide
B. Thus, the ideally o-helically folded peptide B forces the mainly
unfolded peptide E to adopt a helical structure by formation of a
heteromeric coiled coil under neutral pH conditions. Molecular
dynamics (MD) simulations showed that combinations of B +
B and B + E readily form a dimeric coiled coil whereas
E + E show a different behavior. However, the simulations
strongly suggest the preferred orientation of the helices in the
homodimeric o-helical coiled coil is parallel with interactions
at the interface, which is quite different from the idealized
model. Additionally, the MD simulations suggest an equilib-
rium between dimers, trimers, and tetramers of o-helices for
peptide B.

Amyloid fibrils are usually formed with B-sheet containing
structures as a direct precursor. Thus, the inhibition of the -
sheet formation should prevent amyloid fibrils from depositing.
Peptide variants that fold into stable B-sheets (Fig. 5C) can
be forced to readopt the helical conformation by forming a
heteromeric coiled coil on interaction with the basis o-helical
coiled coil peptide (Fig. 5-red/grey). One representative example

(b)
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190 200 210 220 230 240
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Fig. 8 CD spectra of peptide CCM in 40% TFE at pH 7.4 and at a peptide concentration of 0.1 mM with (a) 0.1 mM CuCl, and (b) 0.1 mM

Zn(OAc),.
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Fig. 9 (a) Helical wheel diagram of peptides B and E. (b) CD spectra of peptide B, peptide E and a mixture of both measured in a 10 mM Tris-HCI

buffer at pH 7.4 and 250 uM peptide concentration.
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is the fibril forming peptide presented in Fig. 6. This peptide has
been shown to fold into a highly organized fibrillar structure
at pH 4.0. The aggregation process can be inhibited by either
a change in pH or the addition of a strong helix-forming
peptide. This effect is based on the involvement of the B-sheet
forming sequence into an a-helical coiled coil arrangement via
complementary interactions between the hydrophobic heptad
repeat domains (Fig. 10).

P4

Fig. 10 Concept of amyloid breaking by using a corresponding coiled
coil peptide.

Conclusion and perspective

A protein folding motif optimized by nature to fold into a
stable o-helical coiled coil serves as a tool for the systematic
study of the interplay between a primary structure and envi-
ronmental conditions for the evolution of peptide secondary
structure. Those newly designed peptides bear all of the features
required for the formation of cooperatively interacting helical
structures. Furthermore, they contain domains for cooperative
sheet aggregation. In other words, peptides that follow the
characteristic heptad repeat of the a-helical coiled coil structural
motif are no longer necessarily a-helical. The resulting secondary
structure will now strongly depend on the environment. Thus,
this system allows us to study the subtle influences that envi-
ronmental conditions might have on protein folding. Changes
can be made stepwise, or in all of the possible combinations
that nature applies in vivo. Information gained from these
systematic investigations will contribute to the elucidation of
complex protein folding processes. The model system introduced
exhibits a new opportunity for the selective inhibition of fibril
formation.
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