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ABSTRACT: Understanding the role of theb-stereospecificity of amino acids is important in obtaining
further insight into the mechanism of the formation of amyloid fibrfs:Microglobulin is a major
component of amyloid fibrils deposited in patients with dialysis-related amyloidosis. A 22-residue peptide
of So-microglobulin, Ser26-Lys41 (-K3 peptide), obtained by digestion witkcromobactemprotease |,

formed amyloid-like fibrils in 50% (v/v) 2,2,2-trifluoroethanol and 10 mM HCI at 25 as confirmed

by thioflavin T fluorescence, circular dichroism spectra, and atomic force microscopy images. A synthetic
K3 peptide composed af-amino acids §-K3 peptide) formed similar fibrils but with opposite chirality

as indicated by circular dichroism spectra. A mixtureLeK3 and b-K3 peptides also formed fibrils,
although the.- andp-amino acid composition of each fibril is unknown. To examine the possible cross-
reactivity between- andp-enantiomers, we carried out seeding experiments in which preformed seeds
were extended by monomers. The results revealed that only the homologous extensions proceed smoothly,
i.e., the growth of -seeds by -monomers ob-seeds by-monomers. The results suggest that, while the
fibrils derived fromL- and p-peptides form in a similar manner but with opposite stereochemistry, a
cross-reaction between them is prevented because the geometry of the mixed sheet cannot satisfy dominant
factors forf-sheet stabilization.

Amyloid fibrils are recognized as being associated with convincing structural models of amyloid fibrils are emerging.
the pathology of more than 20 serious human diseases, an®ne of the most prevalent arguments is that the amyloid fibril
peptides or proteins specific to these diseases have beelis a supramolecular structure composed of several protofila-
identified (1—6). Moreover, various proteins and peptides ments wound around each other, mostly in a left-handed
that are not related to diseases can also form amyloid-like manner {—6). The protofilaments themselves probably
fibrils, implying that the formation of amyloid fibrils is @  consist of several layers of a crg8ssheet structure associ-
generic property of polypeptide§¥<10). Irrespective of ated at a distance of 15 A, where the distance between
protein species, electron microscopy and X-ray fiber dif- the polypeptide chains in the crossheet is 4.7 A. A
fraction indicate that the amyloid fibrils have a relatively detailed fold has been proposed for some proteins and
rigid and straight morphology consisting of several layers peptides in the protofilament, including insulib3) and A5
of crossg-sheets 11—-13). A structural study using solid-  (14). However, the mechanism of amyloid fibril formation
state nuclear magnetic resonance spectroscopy has showis still far from clear.

that amyloid fibrils are stabilized by juxtaposing hydrophobic  with Alzheimer's amyloids-peptide and its fragments,
segments minimizing electrostatic repulsid@). From the  amyloid fibril formation has been suggested to be a ste-
hydrogen-deuterium exchange of amide protons, amyloid repspecific reaction 18—20). It has been reported that,
fibrils are shown to be stabilized by an intensive network of ajthough there was no difference in the amyloid forming
hydrogen bonds substantiatinfysheets 15-17). On the  properties and fibril morphologies af andp-enantiomers
basis of various approaches described above, increasinglymade ofi- andp-amino acids, respectively, one enantiomer
does not cross-react with the other. However, the generality
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Ficure 1: Structure ofs2-m and amino acid sequence of the K3
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andp-K3 peptides in 50% (v/v) TFE using ThT fluorescence,
CD, and AFM. The results show that fibrils made fram
andb-peptides form in a similar manner, although a slightly
decreased rate was noted for thpeptide, and that no cross-
reaction occurs between and p-peptides, revealing the
importance of stereospecificity in fibril formation.

EXPERIMENTAL PROCEDURES

Recombinant2-m and K3 PeptideRecombinant human
B2-m was expressed in the methylotropic ye&sthia
pastorisand purified as described previousB4( 35). The
L-K3 peptide was obtained by digestion gi-m with lysyl
endopeptidase fromAchromobacter lyticusas described
previously @4, 35 and purified by reverse phase high-
performance liquid chromatography. TheK3 peptide was

peptide. The region corresponding to the K3 peptide is shaded. Thepurchased from Peptide Institute, Inc. (Osaka, Japan), its

diagram was created using Swiss-Pdb View#) (vith PDB entry
3HLA reported by Bjorkmaret al. (23). The amino acid sequence
of the K3 region is Ser20-Asn-Phe-Leu-Asn-Cys-Tyr-Val-Ser-Gly-
Phe-His-Pro-Ser-Asp-lle-Glu-Val-Asp-Leu-Leu-Lys41.

Dialysis-related amyloidosis is a common and serious
complication in patients receiving long-term hemodialysis
for more than 10 year2(, 22), in which s>-microglobulin
(f2-m) forms amyloid fibrils. Natives2-m, made of 99

amino acid residues, corresponds to a typical immunoglo-

bulin domain (Figure 1) and is a component of the type |
major histocompatibility antigen2@, 24). Although an
increase in the32-m concentration in blood over a long
period is recognized as the most critical risk factor causing
amyloidosis, the molecular details remain unknown. Re-
cently,32-m, because of its relatively small size which makes
it suitable for physicochemical studies, has been used as

purity being >95% according to the elusion pattern from
high-performance liquid chromatography. Th&3 peptide
was also purchased from Peptide Institute, Inc., and was
indistinguishable from the-K3 peptide purified fronf32-m

with respect to fibril formation.

Fibril Formation. p/L-K3 peptides were first dissolved in
50% (v/v) TFE and 10 mM HCI at a final K3 concentration
of 200uM and then incubated at 2%. The protein solution
was not agitated during the incubation. The conformational
change was monitored using ThT fluorescence, CD, and
AFM. For the seeding experiments,or L-K3 peptides were
first dissolved in 10 mM NaOH, since the spontaneous
formation of fibrils was slower than that in the K3 solutions
directly dissolved in 50% (v/v) TFE and 10 mM HCI. The
seed fibrils (i.e., preformed fibrils) were added at a final

Loncentration of 1M to 100xM monomeric K3 in 50%

target for extensive studies addressing the mechanism ofl¥/V) TFE and 10 mM HCl at 25C. It is noted that the

amyloid fibril formation in the context of protein conforma-
tion (25—33). We have been studying the conformation and
formation of amyloid fibrils derived fron$2-m (34—41) on

the basis of the seed-dependent fibril extension reaction

established by Naikét al. (22).

In many amyloidogenic proteins, short peptides called
minimal or essential sequences can form amyloid fibrils by
themselves7, 29, 41—-45). We found that a 22-residue K3
peptide, Ser26Lys41 (Figure 1), obtained by digestion of
B2-m with Acromobacteprotease |, forms fibrils similar to
the amyloid fibrils of the wholg2-m molecule 84). It was
also found that, while the efficient formation of fibrils by
whole $2-m at pH 2.5 requires seeding, the K3 peptide can
form amyloid fibrils spontaneously with an optimum at
neutral pH, implying that the K3 peptide corresponds to the
initiation site or core region of the fibrils formed by whole
B2-m (40, 41). In this paper, we show that the K3 peptide
forms a fibrillar structure in the presence of a relatively high
concentration [50% (v/v)] of 2,2,2-trifluoroethanol (TFE).
We consider that the fibrillar structure of the K3 peptide
formed in TFE is similar to the protofilament @R2-m in
water.

To address the issue of stereospecificity in the formation
of amyloid fibrils, we compared the fibrils produced by

1 Abbreviations: AFM, atomic force microscopg2-m, S2-micro-
globulin; CD, circular dichroism; DMSO, dimethyl sulfoxide; HFIP,

1,1,1,3,3,3-hexafluoro-2-propanol; K3 peptide, 22-residue peptide of

f2-m; ThT, thioflavin T; TFE, 2,2,2-trifluoroethanol.

seed concentration is represented by monomer K3 in the
seeds.

ThT Fluorescence Assdihe polymerization reaction was
monitored by fluorometric analysis with ThT at 2& as
described previously2@, 34). The excitation and emission
wavelengths were 445 and 485 nm, respectively. From each
reaction tube, 3L was taken and mixed with 1.0 mL of 5
uM ThT in a 50 mM glycine-NaOH buffer (pH 8.5) and the
fluorescence of ThT was measured using a model F4500
Hitachi fluorescence spectrophotometer. We confirmed that
the ThT assay is not affected significantly by the addition
of a low concentration of TFE.

AFM and CD Measurementé 10 uL sample drop was
spotted on freshly cleaved mica. After standing on the
substrate for 1 min, the solution was blown off with
compressed air and air-dried. AFM images were obtained
using a dynamic force microscope (Nanoscope llla, Digital
Instruments/Veeco). The scanning tip was a Si microcanti-
lever (Digital Instruments/Veeco, spring constant of 40 N/m,
resonance frequency of 300 kHz). The protein concentration
was 62.5ug/mL, and the scan rate was 1 Hz.

Far-UV CD spectra were measured with a J-600 Jasco
spectropolarimeter at 2% using a cell with a light path of
1 mm. The peptide concentration wasi/4d, and the results
are expressed as the mean residue ellipticily (flegrees
per square centimeter per decimole).

Structural Model of Amyloid FibrilsMolecular models
of the 5-sheet were drawn on Swiss-Pdb Viewé6); The
parallel 3-sheet region in the crystal structure (PDB entry
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Ficure 2: Formation of fibrils byL- andp-K3 peptides in 50% (v/v) TFE and 10 mM HCI at 26. CD spectra (A C) and AFM images
(D—F) of L-K3 (A and D),p-K3 (B and F), and a mixture af- andL-K3 (C and F) are shown. The CD spectra were measured 30 min,
2 h, 56 h, and~6 weeks after the initiation of incubation. AFM images are after incubation for 48 h (D), 12 days (E), and 1 week (F). The
scale bars in the images indicate a length of /i1d The scales on the bottom represent the height of pixels in the image.

at 218 nm. The presence of an isodichroic point suggests

was used as a template to emphasize the role of twist. Thethat the transition is approximated by a two-state process

side chains of Asn2iVal27 of L-K3 peptide assuming
p-strand in the nativg2-m were grafted onto the regions of
Aspl76-Vall82, Asn203-Val209, Asn225-Val231, and
Asn248-Val254 of pectate lyase C, forming the parallel
pB-sheet. Thes-sheet made ob-peptides was prepared by
making a mirror image of the-3-sheet. We performed
energy minimization on the- and p-g-sheets with Swiss-
Pdb Viewer, but not on the/b-mixed 5-sheets.

RESULTS

Spontaneous Fibril Formation in TEE heL-K3 peptide
forms amyloid fibrils under various pH conditions with an
optimum at pH~6.0 @0). This implies that, although the
seed-dependent formation by whgl&-m reaches a maxi-

between thea-helical and s-sheet states. The reaction
occurred without a lag phase and reached saturatiorb@t
h with a half-time &5 h (Figure 3A).

The conformational change in theK3 peptide in 50%
(v/v) TFE was accompanied by an increase in ThT fluores-
cence (Figure 3B), a typical characteristic of amyloid fibrils
(22). The time course of the increase in ThT fluorescence
was similar to the conformational change monitored by CD
at 218 nm, suggesting that both CD and ThT fluorescence
detected the formation of amyloid-like structures. In fact,
AFM measurements of the samples incubated in TFE
revealed fibrillar structures with a height of 3:6.0 nm and
a length of 200 nm to &m (Figure 2D). The width of fibrils
obtained from the AFM images was smaller than the width

mum at pH 2.5 because of the folded conformation at neutral ©f thick amyloid fibrils ofL-K3 or intact52-m (10-15 nm)

pH, whole f2-m once denatured can reveal an intrinsic
propensity to form fibrils at neutral pH. Here, we found that,
in the presence of a high concentration of TFE, thi€3
peptide forms a fibrillar structure similar to thek3 amyloid

fibrils generated under aqueous conditions (Figure 2A,D).

Amyloid fibril formation in TFE has also been reported by
others 48, 49).

TFE is an alcohol with a strong potential to induce an
a-helical conformation in proteins and unfolded peptides
(50). Consistent with this, in the presence of 50% (v/v) TFE,
the L-K3 peptide first exhibited a CD spectrum indicating
an a-helical conformation with a helical content 6f30%
estimated by the method of Chex al (51) (Figure 2A).
Upon incubation at 283C without agitation, the spectrum
changed to that of a typicgtsheet structure with a maximum

but is similar to that £5 nm) of the thinner fibrils of the
L-K3 peptide prepared under aqueous conditiat®. (It is
noted that, under aqueous condition&3 produced several
kinds of fibrils with a distinct width 40). Similar observa-
tions that TFE induces thinner protofilaments whereas mature
fibrils are formed under aqueous conditions were reported
for the HypF N-terminal domain4g).

The measurements described above were also carried out
with the p-K3 peptide. As expected, but quite intriguingly,
the CD spectrum in 50% (v/v) TFE immediately after
dissolution exhibited maxima at225 and ~210 nm,
indicative of ana-helical conformation with chirality op-
posite from that of the usual consisting ofamino acids
(Figure 2B). Upon incubation at 25C, the spectrum
transformed to that with a maximum at 218 nm, showing
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Ficure 3: Time course of fibril formation by- andp-K3 peptides

in 50% (v/v) TFE and 10 mM HCI at 25C. The CD intensity at
218 nm (A) and ThT fluorescence (B) are plotted against the
incubation time for 0.2 mM.-K3 (O), 0.2 mMb-K3 (O), and a
mixture of 0.1 mML-K3 and 0.1 mMb-K3 (a).

the formation of g3-sheet with chirality opposite from that
of theL-K3 peptide. The time course of the spectral change
measured from the ellipticity at 218 nm showed that the
reaction was slower than that of theK3 peptide (Figure

3A). ThT fluorescence increased notably more than that for

the L-K3 peptide, although the reason is unknown. AFM
revealed that fibrils similar to those formed hyK3 are
produced (Figure 2E). These results indicated that beth
andp-peptides formed similar fibrils made gtsheets, but
with opposite chirality.

Fibril Formation of a Mixture of./p-K3 PeptidesWe then
incubated a mixture of 10«M L- and 100uM b-K3

Wadaiet al

conduct seeding experiments in which cross-reactions be-
tween seeds and monomers are examined.

To focus the effects of seeding, it is preferable to suppress
the spontaneous formation of fibrils as much as possible.
We found that spontaneous fibril formation was retarded if
the K3 peptides were first dissolved in 10 mM NaOH (pH
12). The K3 peptide has three positive (i.e., ta@mino
group, His31, and Lys41) and five negative (i.e., Cys25,
Asp34, Glu36, Asp38, and the-carboxyl group) titratable
groups, and its isoelectric point calculated on the basis of
their pK, values is pH~4.5. A higher net charge at pH 12
probably resulted in the complete dissolution of the K3
peptide, consequently suppressing spontaneous nucleation for
fibril formation even after the transfer of the solution to acidic
conditions. After 2 days at 108M monomer in 50% (v/v)
TFE at pH 2.0, we saw no significant change in the CD
spectrum and ThT fluorescence for eitheor p-K3 peptides
(Figure 4C,F and Figure 5).

Under the conditions where the spontaneous formation of
fibrils was suppressed, the seed fibrils (i.e., preformed fibrils)
were added at a final concentration of A to 100 uM
monomers. Using CD (Figures 4 and 5A), we observed
dramatic seeding effects for a combinationLeseeds and
L-monomers (Figure 4A) ar-seeds and-monomers (Figure
4E). Seeding effects were also observed by ThT fluorescence
(Figure 5B). In other words, a homologous extension between
seeds and monomers occurred effectively, producingr
p-fibrils, while a heterologous extension did not occur. AFM
confirmed the specific fibril formation caused by the
homologous seeding effects: Figure 4A for a combination
of L-seeds and-monomers and Figure 4E for a combination
of p-seeds and-monomers.

DISCUSSION

Cross-Reacitity of L/D-PeptidesAlthough amyloid fibril
formation has been suggested to be a stereospecific reaction
with the amyloidS-peptide and its fragmentd8—20), the
generality of this observation for other amyloidogenic
proteins and peptides is not established. Moreover, consider-
ing the intricate structure of amyloid fibrils, there are several
possibilities explaining the stereospecific amyloid formation.

peptides. First, the CD spectrum exhibited a slight increase To understand the structure of amyloid fibrils, we focused

in intensity at~220 and~200 nm. Then, the intensity slowly

on the interaction of the- andp-amino acids constituting

decreased, resulting in a flat spectrum close to the baselinethe fibrils. We chose the K3 peptide derived frgs@-m
over the wavelength that was measured (Figures 2C and 3A).comprising 22 amino acid residues for the convenience of

Although unusual, the interpretation is straightforward if we
assume an additive contribution ofandop-peptides, where
the fibril formation of the former occurs slightly faster than
that by the latter. In fact, AFM of a mixture af- and
D-peptides after incubation for 1 week showed many fibrillar
structures similar to those of andp-peptides (Figure 2F).
Moreover, ThT fluorescence increased with time, confirming
the formation of amyloid-like structures (Figure 3B).
Cross-ReactionAlthough we observed fibril formation by
a mixture ofL- andbp-peptides, it is difficult to distinguish
the fibrils made ofL- or p-peptides. The observed fibrils
might be a mixture of structures formed independently by
theL- andp-peptides. Alternatively, each fibril may be made
of both L- and p-peptides. Distinguishing between these
possibilities is important in clarifying the role of stereospeci-
ficity in fibril formation. One way to address this issue is to

its chemical synthesis. Then, we chose for the experiment
50% (v/v) TFE in 10 mM HCI at 25°C, because the
formation of fibrils occurred reproducibly without notable
amorphous aggregation, which is evident from the CD
spectral change with an isodichroic point (Figure 2A,B).
However, we do not know if the fibrils formed under these
conditions are exactly the same as the amyloid fibrils formed
under aqueous conditions. We noted that the fibrils which
formed in 50% (v/v) TFE tended to depolymerize when the
TFE concentration decreased. A similar observation was
reported for a peptide derived from the single-lagesheet

of OspA (7). Diameters of the K3 fibrils in TFE estimated
from the height of AFM images (36 nm) were smaller than
those (16-15 nm) of mature fibrils of-K3 prepared under
aqueous conditionstQ), suggesting that the fibrils formed

in TFE correspond to protofilaments. Similar observations
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Ficure 4: Cross-reactions in the formation of amyloid fibrils betweeandp-K3 peptides measured from CD spectra in 50% (v/v) TFE

at pH 2.0 and 23C. (A—C) Fibril formation ofL-K3 in the presence af-K3 seeds (A) op-K3 seeds (B) or in the absence of seeds (C).
(D—F) Fibril formation ofp-K3 in the presence af-K3 seeds (D) op-K3 seeds (E) or in the absence of seeds (F). The concentrations of
seeds, represented by the monomer K3 concentration, and monomers were 10 al dé¥pectively. The CD spectra were recorded 10
min, 12 h, 24 h, 50 h, 100 h, and 1 week after the initiation of incubation. Insets show AFM images of fibrils prepared by incubation for
1 week. The scale bar indicates a length of @n5.

that TFE induces thinner protofilaments whereas mature
A fibrils are formed under aqueous conditions were reported
for the HypF N-terminal domain4@). Although the fibrils
in 50% (v/v) TFE are not exactly the same as mature fibrils,
we believe that they are useful for considering the ste-
reospecificity of amyloid fibril formation.
First, we indicated that fibrillization occurs for both
and p-K3 peptides, leading to apparently similar fibrils,
except for the mirror images of CD spectra (Figure 2).
However, we noted that the formation is slightly slower with
50 100 150 D-K3 than withL-K3 (Figure 3A). This slight but significant
Time (hr) difference in the growth rate exists even for a mixture-of
andp-K3 peptides, producing apparently complicated kinet-
ics as monitored by CD (Figures 2C and 3A). The slower
rate for thep-K3 peptide is likely to be caused by the
difference in the chirality of the side chains, suggesting that
the side chain interactions also contribute to the rate of
amyloid fibril formation. Importantly, the ThT fluorescence
increased in the fibrils formed from both andp-peptides,
indicating that a specific ordered configuration independent
of theL- or b-enantiomer is recognized by ThT (Figure 3B).
I l Single fibrillar images of amyloid fibrils often exhibit a
0 50 100 150 left-handed spiral 13, 37, 52, 53). A f-strand made of
Time (hr) L-amino acids has a right-handed twist (Figure ®)( It is
considered that the association of right-hangestrands

Ficure 5: Time course of cross-reactions betweerand b-K3 produces a left-handed twist in tifiesheet, resulting in the
peptides in 50% (v/v) TFE and 10 mM HCI at 26. (A) Time left-handed spiral of amyloid fibrilsl@). A left-handed twist
courses measured by CD at 218 nm of fibril formation b3 in was observed in the amyloid fibrils of whofg2-m (37).

the presence of-K3 seeds®) or 0-K3 seedsQ) or in the absence  However, we could not observe clearly a left-handed spiral
of seeds 4) and those 0b-K3 in the presence af-K3 seeds ) in the fibrils made of -amino acids. Instead, we occasionally

or 0-K3 seedsM) or in the absence of seede)( The values were . S - .
taken from the spectra shown in Figure 4. (B) Time courses observed a right-handed spiral in the fibrils made-@mino

measured by ThT of fibril formation by-K3 andp-K3. Symbols ~ acid residues (Figure 2E). Thus, although we anticipated
are the same as in panel A. being able to distinguish the andp-amyloid fibrils from
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A B C

L/D-peptide D-peptide

FiGure 6: Schematic model of fibril formation of peptides mada.afmino acids (A) and-amino acids (C) and no cross-reactivityLef

and p-peptides (B) in forming amyloid fibrils. (A) A right-handed twist in tifestrand made of-amino acid residues (colored blue)
produces a left-handed twist in the plane of th&-sheet, thus forming amyloid fibrils with a left-handed spiral. Green dashed lines represent
hydrogen bonds. The bottom image shows a view from the edge ¢@i-#heet, and the top images show the amyloid fibril. (B) Because
of competition over the direction of th&sheet twist and moreover opposite directions of the side chaisBeet made of a mixture af
andp-f-strands cannot be formed. (C) A left-handed twist in fhstrand made ob-amino acid residues (colored red) produces a right-
handed twist in the plane of the(-sheet and amyloid fibrils with a right-handed spiral. Schematic models were drawn on Swiss-Pdb
Viewer (46) by grafting the side chains of Asn2¥al27 of theL-K3 peptide onto th§-sheet region of pectate lyase £7). See Experimental
Procedures for details.

the direction of the spiral, this was in fact difficult to do in  difficulty in observing clear spirals in AFM images might
this work. This difficulty might indeed reflect the decreased mean the contributions of other factors are more essential
extent of spiral in the fibrils made of shorter fragments.  than theg-strand twist.

Then, we showed that seeding experiments are useful in  Fibril Formation in TFE. In this study, we used TFE to
examining the possible cross-reaction.efand p-peptides produce fibrils of the K3 peptide. It is interesting that TFE,
during fibril formation. The results revealed clearly that only one of the most popular-helix inducers $0), induces fibrils
a homologous extension between the seeds and monomermade of$3-sheets. A similar observation has been reported
of the same chilarity occurs. The structural modeling of for several peptides/(48, 49). Importantly, Chitiet al. (48)
[-sheets made from+ or b-peptides suggests the mechanism proposed that the assembly of protofilaments into mature
with which L- andp-peptides cannot cross-react (Figure 6). amyloid fibrils is guided by the interactions between
A twist of the f-strand as described above implies a simple hydrophobic residues that may remain exposed on the surface
explanation for why - andp-peptides do not form chimeric  of individual protofilaments so that the formation of proto-
amyloid fibrils. 5-Strands made af andp-amino acids have  filaments appears to be facilitated in the presence of TFE, a
right- and left-handed twists, respectivebsf. The opposite  solvent that destabilizes hydrophobic interactions.
direction of the twists betwegftstrands of - andp-peptides The effects of alcohols on proteins and peptides can be
may interfere with the formation of persistent hydrogen explained by nonpolarity or hydrophobicityp@ 55). By
bonds between them. Moreover, the side chains of residuedntervening in hydrophobic interactions, alcohols tend to
that are immediately adjacent across the boundastrands denature the native state of proteins or dissociate protein
are on the opposite faces of tfiesheet (Figure 6B). These aggregates and amyloid fibrils into monomeric forms. These
aspects of geometry of thép-chimeric-sheet are dramati-  effects depend on the alcohol species, with the halogenated
cally different from the standard-sheet geometry so that alcohals, in particular, TFE and HFIP, having marked effects
the chimerigs-sheet cannot simultaneously satisfy dominant in comparison with methanol or ethanol. We previously
factors forf-sheet stabilization, e.g., main chain hydrogen proposed that the cluster formation of alcohols explains the
bonds, and hydrophobic, hydrophilic, and van der Waals marked effects of TFE or HFIP5(Q, 56). The strong
interactions of side chains. In other words, the inability of nonpolarity of these alcohols concomitantly strengthens the
L- and p-peptides to form chimeric fibrils arises from intramolecular hydrogen bonds as revealed doyhelix
fundamental structural properties of tflesheet; opposite  formation. This occasionally results in the formation of
aspects of geometry of the andp-S-sheets prevent the tight  intermolecular hydrogen bonds, causing aggregation or
packing of the polypeptide chain stabilized by persistent amyloid fibrils to form. On the other hand, dimethyl
hydrogen bonds and side chain interactions. Although we sulfoxide, a polar solvent with a strong potential to become
believe there is an important role f@gkstrand twist, the a proton acceptor, can always dissolve amyloid fibrils,
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although a high concentration is requirdd,(55). HFIP or
TFE can dissolve amyloid fibrils by weakening hydrophobic
interactions. However, this effect is not sufficient to com-
pletely dissolve rigid amyloid fibrils. Consequently, depend-
ing on the protein species and conditions, a nonpolar
environment introduced by alcohols works adversely by
strengthening the intermolecular hydrogen bonds, thus induc-
ing amyloid-like fibrils or amorphous aggregates to form.
These results indicate that the formation of fibrils is
determined by an intricate balance of forces stabilizing and
destabilizing the fibrils. Analyzing these factors in detail by
taking advantage of the marked effects of alcohols on K3
fragments may help to clarify the mechanism of amyloid
fibril formation.

In conclusion, we showed that thepeptide forms fibrils
with stereochemistry opposite from that of thpeptide. The
kinetics of the formation by the-peptide was similar to
that for theL-peptide, although a slight difference was also
noted. On the other hand; andp-peptides with the same
amyloidogenic sequence do not cross-react, consistent with
the distinct geometry of- and p-5-sheets. Therefore, the
formation of amyloid fibrils is a highly stereospecific reaction
in which the unique chirality of the amino acid residues is
required to generate the basic elements (i.e., protofilaments) ;4
of the supramolecular structure. Considering these features,
it might be possible to design a chimeric amyloidogenic
peptide made of- andp-amino acid residues, in which the
L-amino acid residues contribute to binding to the fibril end
but the p-amino acid residues prevent the peptide from
becoming a template for subsequent growth. Such a chimeric
peptide would be useful as a stereospecific inhibitor of
amyloid fibril formation.
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