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ABSTRACT: Self-assembly of;-sheet domains resulting in the formation of pathogenic, fibrillar protein

aggregates (amyloids) is a characteristic feature

of various medical disorders. These include neurode-

generative diseases, such as Alzheimer’s, Huntington’s, and Creutzlelketib’s. A significant problem

in studying such aggregation processes is the poor solubility of {hesteet complexes. The present

work describes water-soluble de noffesheet peptides which self-assemble into fibrillar structures. The
model peptides enable studies of the relationship betyWesteet stability and association behavior. The
peptides [DPKGDPKG-(VT}GKGDPKPD-NH, n = 3—8] are composed of a centrgisheet-forming

domain (VT-sequence), and N- and C-terminal nonstructured octapeptide sequences which promote water
solubility. Conformational analyses by circular dichroism and Fourier transform infrared spectroscopy

indicate the influence of peptide lengthrxamino acid

substitution, and concentration on the ability of the

peptides to form stablg-sheet structures. The association behavior investigated by analytical ultracen-
trifugation and dynamic light scattering was found to correlate strongly with the stabilityfesleeet
conformation. Model peptides with > 6 form stable, water-solublg-sheet complexes with molecular
masses of more than 2000 kDa, which are organized in fibrillar structures. The fibrils examined by Congo
Red staining and electron microscopy show some similarities with naturally occurring amyloid fibrils.

Self-assembly ofi-sheet domains resulting in the forma-
tion of ordered fibrillar structures is a common feature of
various medical disorders. These include infectious prion

disease, which show a decreas@-aheet conformation, are
less fibrilliogenic in character8-14). Point mutation, as
found in the Dutch type ofA4 (°Glu — GlIn), resulted in

diseases, e.qg., bovine spongiform encephalopathy or Creuza highers-sheet content and accelerated fibril formatiaB, (

feldt—Jacob diseasel), amyloidoses, such as Alzheimer’s
disease or type Il diabete8)( and Huntington’s diseas8)(

16). Self-assembly into fibrilla-sheet complexes has also
been reported for other peptides/proteins, which are not

Characteristic for these diseases is that amyloidogenicassociated with medical disorders. Such systems are derived
precursor proteins are converted into insoluble pathogeniceijther from naturally occurring proteins or from designed

protein fibrils (amyloids). Although the proteins involved

sequencesl(/—26). On the other hand, unlike-helices,

have no sequential or structural similarities, the aggregatesg_sheet domains are a much less intensively studied type of

formed are remarkably similar with regard to their morpho-
logical and tinctorial properties and consist predominantly
of f-sheet structure(4). Although the pathogenic mech-
anisms of fibril formation are not yet fully understood, a
common theme for all amyloids has been sugges®d (
Sequences of the normally folded proteins undergo confor-
mational changes, resulting fitsheet structured intermedi-
ates, which are capable of self-assembling into highly
aggregated fibrilsg, 6). Several studies have shown that
the extent ofg-sheet formation is directly correlated with
the ability to form amyloid fibrils 7). Sequence modifica-
tions of A4 peptide fragments characteristic of Alzheimer’s
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secondary structure. A significant problem in studying these
structures and their self-organization into fibrillar structures
is the poor solubility of the intermolecularly associated
p-strands. To broaden our understandingefheet forma-
tion, stabilization, and association/aggregation, well-defined
soluble peptide models were designed as useful tools in
simplifing the studies of these complex processes. Such
systems might also allow the development of strategies for
the inhibition of eithels-sheet formation or the association
into fibrillar S-sheet complexes. On the basis of previous
work (27), the designed peptides [DPKGDPKG-(\{T)
GKGDPKPD-NH, n = 3—8] are composed of a central
pB-sheet-forming domain (VT-sequence) of various lengths,
located between N- and C-terminal unstructured octapeptide
sequences which promote water solubility. To destabilize the
p-structure in a site-specific manner without changing other
properties of the peptides, such as hydrophaobicity, side chain
functionality, or charge distribution, we included double
p-amino acid-substituted analogues (for sequences see Table
1). Both the length of the secondary structure domain and
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Table 1: Synthetic (VTyPeptides Used in This Study

(VT).-Peptide Sequence? Residues in the 3- D-Amino Acid
Sheet Forming Domain __ Substitution
VT3 n=3 DPXGDPKGVTVTVT.......... GKGDPKPD-NH, 6 none
VT4 n=4 DPKGDPKGVTVTVTIVT........ GKGDPKPD-NH, 8 none
VT5 n=5 DPKGDPKGVTVTVTVTVT...... GKGDPKPD-NH, 10 none
VT5-DD DPKGDPKGVTVTVEVTVT. ... .. GKGDPKPD-NH, 10 v13 t14
VT8 n=6 DPKGDPKGVTVTVTVTVTVT. .. .GKGDPKPD-NH, 12 none
VT6-DD DPKGDPKGVTVTVTvVvEVTVT. . . . GKGDPKPD-NH, 12 v15 t16
V17 n=7 DPKGDPKGVIVIVIVIVIVTIVT. .GKGDPKPD-NH, 14 none
VT7-DD DPKGDPKGVTVTVTvEVTVTVT. . GKGDPKPD-NH, 14 v15 116
VT8 n=8 DPKGDPKGVTVTIVIVTVTVTVTVIGKGDPKPD-NH, 16 none
VT8-DD DPKGDPKGVTVTIVIVTvEVIVIVIGKGDPKPD-NH, 16 vi7 t18

ap-Amino acids are printed in lowercase letters.

the influence ofb-amino acid substitution were correlated Circular Dichroism Measurement<Circular dichroism
with the 3-sheet stability and the association behavior. It was (CD) spectra were measured at Z50n a J-720 spectropo-
shown that strong association@istrands results in fibrillar ~ larimeter (Jasco, Tokyo, Japan), in a quartz cell of 0.1 cm
structures which are able to bind Congo Red (€&)d path length, over the range 19060 nm. The instrument

exhibit birefringence. was calibrated with an aqueous solution $){10-camphor-
sulfonic acid. CD spectra were the average of a series of
MATERIALS AND METHODS five to eight scans made at 0.1 nm intervals. Peptide
Peptide Synthesis and PurificatioDBPKGDPKG-(VT)- concentrations were 5 10°° and 1x 10°* M in aqueous
GKGDPKPD-NH (n = 3—8) and the corresponding- solution. The CD results are reported as mean residue molar

amino acid analogues (see Table 1) were synthesized byelliPticity [€] in deg cn¥/dmol. .
solid-phase methods on an automated MilliGen 9050 peptide  Guanidine hydrochloride titration was performed by mix-
synthesizer (Milligen/Biosearch, Burlington, MA) using iNg stock solutions of the peptide @8 M guanidine
Fmoc (N*-9-fluorenylmethoxycarbonyl) chemistry in the hydrochloride, both in buffer (75 mM sodium phosphate,
continuous flow mode: TentaGel S RAM resin, 0.22 mmol/ig PH 4.4). The resulting peptide concentration ok50°M
(Rapp Polymere, Thingen, Germany), HBTU N-[(1H- was tltratgd against increasing guanidine hydrochlor!de
benzotriazol-1-yl)(dimethylamino)methylens}methylmeth- ~ concentrations up to 7.8 M. Temperature denaturation
aminium hexaﬂuorophosphawoxide), 2 equiv of DIEA expe”ments' were carried Ou.t at'a peptlde concentration of
(diisopropylethylamine), coupling time 20 min, and deblock- 5 % 107° M in agueous solution in the range 285 °C.
ing time with 20% piperidine in DMF (dimethylformamide) Fourier Transform Infrared Spectroscofyfrared spectra
10 min. Amino acids in the VT-region were double coupled. were collected on a IFS-66 FTIR (Bruker, Karlsruhe,
The peptides were cleaved from the resin support by 95% Germany) spectrometer equipped with a DT65 detector and
trifluoroacetic acid/5% water for 3 h. The crude peptides continuously purged with dry air. Measurements were
were purified by preparative reversed-phase chromatographyPerformed in 30 mM sodium phosphate buffer witfX(pH
on PolyEncap A300 (1@m, 250 x 20 mm i.d., Bischoff 2.2). All data were obtained from freshly prepared solutions
Analysentechnik GmbH, Leonberg, Germany), using an at peptide concentrations of 0.5 an&k8.0-* M. The samples
acetonitrile/water-0.1% trifluoroacetic acid solvent system. were placed between a pair of Gakindows separated by
The purified peptidesX95% according to HPLC analysis) @ path length of 5@m. The solvent spectrum was recorded
were characterized by MALDI mass spectroscopy (Voyager- under identical conditions and subtracted from the peptide
DE STR, Perseptive Biosystems, Framingham, MA) using Spectra. For each sample, 128 or 256 interferrograms were
a sinapinic acid matrix, which gave the expected-fVH]* coadded, and Fourier transformed, to generate a spectrum
mass peaks for each peptide. The peptide content ofwith a nominal resolution of 4 cm. Residual water vapor
lyophilized samples was determined by quantitative amino was interactively subtracted, as described ear&).(The
acid analyses (LC 3000 analyzer, Biotronik-Eppendorf, final unsmoothed peptide spectra were used for further
Maintal, Germany). Because the trifluoroacetate counterion analysis. Band narrowing of the spectra by Fourier self-
gives rise to a strong band at1673 cn1! in the infrared deconvolution, which leads to a better visualization of
spectrum which overlaps the conformation-sensitive amide overlapping bands, was carried out using a half-bandwidth
| band of the peptide backbone, all such counterions were0f 16 cnT* and a band narrowing factér= 1.6.
replaced by chloride ion by lyophilization twice from 10 mM Analytical Ultracentrifugation Peptides (1 mg/mL) were
hydrochloric acid. dissolved in 30 mM sodium phosphate, pH 4.4, containing
0.9% sodium chloride, and the solutions were centrifuged
1 Abbreviations: CR, Congo Red; CD, circular dichroism; FTIR, at 20°C in standard double sector cells using an analytical
Fourier transform infrared. ultracentrifuge XL-A (Beckman, Palo Alto, CA). The time-
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dependent moving boundaries recorded at 225 nm were fit 21
simultaneously, using the program LAMN2Y), to obtain 154
the sedimentations| and diffusion coefficients§). From
these parameters, and the partial specific volumeérived
from the amino acid composition and the corresponding
density increments3(Q), the molecular mass of the various
peptides was calculated using the Svedberg equation. In
addition, from the data mentioned the frictional ratitio)

of the samples was derived as an indicator of the gross ]
conformation of the peptides examined.

Dynamic Light Scatteringdynamic light scattering mea-
surements were performed in an experimental setup equipped 2
with a 2W Spectra Physics 2017 Ataser (488 nm), an > o] wavenumber [om]
ALV/SP-86 SpeCtmgon'omet?r_(ALV' Langen,.Germany), Ficure 1: Conformation of (VT)-peptides [VT3 (a), VT4 (b), VT5
and the ALV-FAST/5000/E digital autocorrelation boards. (c), vT6 (d), VT7 (), VT8 (f)] investigated by CD (A) in water at
The scattering angle was 3@he temperature being 2048 a peptide concentration of6 107> M and FTIR (B) in DO buffer
0.1 °C. Peptide and buffer (30 mM sodium phosphate, pH (30 mM4SOdium phosphate, pH 2.2) at a peptide concentration of
4.4) were mixed rapidly (peptide concentrationx210* gﬂz rlg ur?ﬂe'rzgﬁ-ggésn?/%?&tigln the amide | region are shown
M) and filtered through Ministart sterile filters (200 nm pore '
size) into a standard cylindrical light scattering cell. The data
collection began within less than 1 min after mixing.
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Consequently, the high mean residue ellipticities between
—16 x 10° and —18 x 10° measured for VT6 and VT7/

Lig_ht Microscopy.Ten microliters of an aqueous peptide VT8, respectively, suggest that these peptides are highly
solution (1 mg/mL) was placed on a microscope slide, air- 555ciated.

dried at 50°C, and stained with a saturated solution of CR
in 80% ethanol (20 min). After being washed with water,
80% ethanol, absolute ethanol, and water, the stained sampl
was examined under a microscope with bright and polarized spectroscopy. The spectra recorded ak 5104 M are

light (magnlfleat|0n 408). ] ] ] depicted in Figure 1B. The spectra of VT3 and VT4 (Figure
Electron MicroscopyPeptides were dissolved in water at 1B traces a and b) are characterized by a broad, structureless
a concentration of 2 10~ M, stored at room temperature  gmide | band centered at 1644645 cnt?, which is typical
for 24 h, and absorbed onto 200-mesh carbon-coated coppefor peptides having no regular secondary structure. The
grids. A 5uL aliquot was absorbed for 60 s. Excess liquid spectrum of the VT5 peptide (Figure 1B, trace c) reveals
was then remoyed Wlth. filter paper. The wet sample on the wyo additional features: a strong band at 1623 tand a
grid was negatively stained with/4- efafreshly prepared  \yeak band at 1688 cri. These two bands are highly
solution of 2% (w/v) uranyl acetate in water. After 60 s the characteristic of antiparallg-sheet structures, which grow
excess liquid was removed, and the sample was allowed toynon increasing the peptide concentration te 603 M
air-dry. Specimens were examined with a 902 A electron (7). The-structure bands are the dominant features in the
microscope (Zeiss, Oberkochen, Germany) at 80 kV. spectra of the VT6, VT7, and VT8 peptides (Figure 1B,
traces d@-f). In addition, there is an increase in band splitting
RESULTS (65 cnt? for VT5 versus 69 cmt for VT8) between the
Peptide ConformationCD studies of (VT)-peptides in  0W- and high-frequency-sheet amide | band components,
aqueous solution suggest differing potentials of the peptidesSud9esting that thg-sheet structure of the VT8 peptide is
to form B-sheet structures. Short peptides with six and eight €XPeriencing stronger hydri)gen bonding. A change in peptide
residues in the central domain (VT3 and VT4) are unstruc- concentration from 5¢ 107“to 5 x 107° M has no impact
tured, as indicated by CD spectra showing a minimum of On the spectra of these peptides.
the molar ellipticity at 198 nm and no positive feature (traces fT\?TeGhig/hTitabiliéy \?; éhe intermolegutl)@r-sheet OTftruc't_]urdes
a and b in Figure 1 A). The addition of two further residues © ; »an was provea by guanidine nydro-
(VT5) results in a slightly red-shifted CD spectrum (Figure chloride and temperature deneturation. Inereasing the guani—
1A, trace c), which indicates the beginning of a transition dine hydrochloride concentration to 7.2 M in 75 mM sodium
from a random coil to an ordered structure. With elongation Phosphate buffer, pH 4.4, or increasing the temperature to
of the VT-domain to 1216 residues (VT6VT8), the 85 °C caused no significant effect on the CD spectra of these
conversion is complete. The CD spectra of these peptidesPeptides (data not shown).
are characterized by a negative band at 214 nm and a positive Influence ofp-Amino Acid Substitution on thg-Sheet
band at 192 nm, which is typical offasheet conformation.  Conformation.Doublep-amino acid substitution was previ-
The increasing intensities of the CD spectra of VT6 and VT7/ ously found to destabilizer-helices 82, 33) and weak
ZTS (Figuri 1A|, traces eh‘])c irr:dicatej stabilization of the  j-sheet structag—;é?r)]. To evaluate-amino aciddsubstitllJtion
-structure by elongation of the VT-domain. Monomeric or on more stables-sheet structures, VT-peptide analogues
low molecular weightf-sheets exhibit a mean residue having two such adjacent substitutions in the center of the
ellipticity of approximately £10 4+ 2) x 10 at 2154+ 5 molecule were studied (for sequences see Table 1). The CD
nm. Considerably higher values than this appear to resultspectra of the peptides VT6-DD, VT7-DD, and VT8-DD are
from large intermolecularly associatgesheet structureSQ). shown in Figure 2A. The CD spectrum of the VT6-DD

The conversion from random coil f3sheet conformation
caused by the addition of only one VT-repeat from VT5 to
&T6 was confirmed by Fourier transform infrared (FTIR)
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plus a relatively weak feature at 1620 ¢ The latter
indicates amide €0 groups in aB-sheet conformation,
suggesting a concentration-dependent transition from random
coil to -sheet for this analogue. An amide | band at 1621
cm ! dominates the FTIR spectra of the VT7-DD and VT8-
DD peptides (Figure 2B, traces b and c). The amide | band
at 1647 cm?, typical of an unordered structure, is almost
absent in the spectrum of the VT8-DD peptide, indicating
that theS-structure is stabilized. However, the high-frequency
band at~1690 cn1? thought to be associated with antipar-
allel p-strands 84) is absent from the spectra of VT7-DD
and VT8-DD. Although this might be an indication of a
parallel 5-structure 85), determination of the arrangement
of the S-strands in VT-DD peptides is not possible on the
basis of the present CD and IR data.

Association Behaor of the 8-Structured Model Peptides.
Sedimentation velocity and dynamic light scattering experi-
ments were employed to monitor the association behavior
of (VT).-peptides and theip-analogues (Table 2). These
analogue (Figure 2A, trace a) shows typical spectral featuresmethods provide sedimentatiogdy) and diffusion coef-
of unstructured peptides, indicating thatamino acid ficients D2o0). Time-resolved kinetics were observed with
substitution in the sequence with six VT-repeats leads to all peptide preparations by dynamic light scattering. The
destruction of thg8-sheet conformation. However, substitu- terminal value of the diffusion coefficient afté h isquoted
tion in VT7, which is only one VT-repeat longer, is not as the equilibrium diffusion coefficient. To assess the degree
sufficient to destroy thg-sheet conformation, as indicated of association, the molecular mass of the various assemblies
by the negative feature at 218 nm (Figure 2A, trace b). The was calculated from the sedimentation data. Unstructured
intensity of the minimum increases in the spectrum of VT8- peptides, VT3 and VT4, were found to be monomeric. Their
DD (trace c), showing that the destabilizing influence of molecular masses are close to the expected values. With VTS5,
doublep-amino acid substitution grows weaker according Which shows a concentration-dependgrgheet structure,
to the elongation and stabilization of tjfestructured VT- association starts abruptly (considerable change in the values
region. However, th@-structures of th@-analogues differ ~ of s and D). The molecular mass of the aggregate is
from those formed by the-analogues. The CD spectra of determined to be more than 550 kDa, which represents an
VT7-DD and VT8-DD show some special features which assembly of nearly 200 monomer units. The transition from
deviate from the spectra of VT7 and VT8 (compare traces e VT5 to peptides with more than six VT-repeats provides a
and f in Figure 1A with traces b and c in Figure 2A). The further strong increase of association. The stabilization of
spectra of theo-peptides are slightly red-shifted, which is B-sheet structure in these peptides produces high molecular
demonstrated by a shift of the minimum to 217 nm (from mass assemblies of more than 2000 kDa. Because these
214 nm) and of the crossover to 262305 nm (from 200  aggregates undergo sedimentation very rapidly, with broad
nm). The intensities of the negative bands around 215 nmdistribution of the sedimenting species, large uncertainties
decrease in the case of theanalogues, indicating destabi- in diffusion and sedimentation coefficients are observed.
lization of theS-structure. Therefore, molecular masses were estimated as average

The results of the infrared studies (Figure 2B), which are Vvalues. Considering the increasing sedimentation coefficients,
consistent with the CD data, also reveal an impactamino and the decrease in diffusion coefficients from VT5 to VTS,
acid substitution on the peptide conformation. At a concen- it can be concluded that the degree of association correlates
tration of 5x 104 M the spectrum of the VT6-DD peptide  With the stabilization of thgs-sheet structure.

(Figure 2B, trace a) is dominated by a broad amide | band bp-Amino acid substitution influences the association
centered at 1645 cm, characteristic of unordered structures, behavior of VT-peptides in a different manner. Shheet

N
©
i

[©1*10° [degem®/dmol]

-20 T T T T
200 220 240 260 1700 1650 1600

A [nm} wavenumber [cm']

Ficure 2: Influence of doublep-amino acid substitution in the
center of the (VT}domain [VT6-DD (a), VT7-DD (b), VT8-DD
(c)]. The conformation was studied by CD (A) in water atx5
1075 M and FTIR (B) in D,O buffer (30 mM sodium phosphate,
pH 2.2) at a peptide concentration 05104 M. The FTIR spectra

in the amide | region are shown after Fourier self-deconvolution.

Table 2: Association Behavior of (VI-Peptides

peptide analytical ultracentrifugation dynamic light scattering
M:; (kDa) Sow (S) Dyow (1077 crré/s) M: s (kDa) D2ow (1077 cré/s)

VT3 2.208 0.462+ 0.005 18.8G+ 0.09 2.204+ 0.027
VT4 2.408 0.49H-0.016 17.870.14 2.504+ 0.102
VT5 2.608 17.16+ 0.05 2.85+ 0.05 556.3+ 11.6 1.35+ 0.06
VT6 2.808 42.3+1 1.54+ 0.04 2006 0.85+ 0.06
VT7 3.008 76 1-22 2500 0.42+ 0.03
VT8 3.209 126 <12 >3000* 0.31+0.02
VT5-DD 2.608 0.455+ 0.055 15.7+ 0.58 2.678t 0.438
VT6-DD 2.808 10.2t 2 4+1 240+ 95
VT7-DD 3.008 106 <12 2000 1.344+0.02
VT8-DD 3.209 136 <12 >2000¢

a Estimated values.
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Ficure 3: Birefringence of Congo Red-stained VT7 peptide
aggregates: bright field (A) and polarized light (B). Magnification
400x.

structures are strongly disturbed in their association behavior, &
while the influence of longer sequences is weak. The missing
fB-sheet conformation in VT5-DD2{) agrees with the :
monomeric state of the peptide. The corresponding peptide
(VT6-DD) having an additional VT-repeat was found to
associate. However, the molecular mass of this assembly is§#
about one magnitude smaller than that of #@nalogue. With

elongation of the VT-domainn(> 7), association results
again in high molecular mass assemblies (2000 kDa). |

assemblies, no precipitation was observed. The positive net & | r
charge at pH 4.4 leads to a certain stiffness of the aggregates &
which is reflected in the very low diffusion coefficients
obtained by dynamic light scattering. When sodium chloride
is added to the peptide solution, the charge-induced stiffness#:
can be partially overcome, indicating an increase of the
diffusion coefficient as determined by the analytical ultra-
centrifugation experiments. By means of sedimentation and
diffusion coefficients and measurement of partial specific
volume the frictional ratio can be calculated. Assuming
ellipsoid revolution from the high frictional ratios of 7

2.0 for VT6, VT7, and VT6-DD, large axial ratios of 10:1
and 20:1 can be estimated.

Fibril Formation. To determine whether the peptides are
organized into ordered quaternary structures, CR staining and
electron microscopy were employed. These methods can
provide indications of fibrillar structures and have also been
used for investigations of amyloids. CR preferentially stains
amyloids @6) but also binds to other fibrillar peptide37).
CR-stained amyloids show a green birefringence under
polarized I_|ght, suggesting that the b°”.”d CR molecules are Ficure 4: Electron microcraphs of negatively stained (2% uranyl
ordered with respect to each other. This effect is caused byzcetate) fibrils from an aqueous solution¥210-4 M) of peptide

the regular structure of the amyloid38f. The ability of high VT8 (A) and VT8-DD (B). Bar, 100 nm.
molecular mass VT-peptide assemblies to bind CR is shown nhranched, wormlike fibrils are=® nm in width and up

in Figure 3. The stained peptide aggregates appear redg 100 nm in length (picture A). They are, in dimension,
(picture A) when observed by bright light optical microscopy - gimilar to fibrils of amyloidogenic peptides and proteins,
and exhibit a yellow birefringence (picture B) under polarized \ynich are 6-8 nm in width and 0.0%+3 um in length 6,
light. Although the birefringence differs somewhat from the - 3q) |nterestingly,0-amino acid substitution strongly influ-
green birefringence of amyloids, it is a clear indication of gnces the appearance of the fibrillar structures (picture B).
their anisotropy and therefore indicates the presence of acompared to fibrils of the nonsubstituted VT-peptides, the
regular quaternary structure. p-forms are of similiar width (57 nm) but much longer

Electron microscopy indicates a fibrillar structure for the (up to 350 nm). The fibers are straight or only shlightly
high molecular mass VT-peptide assemblies (Figure 4). The curved, suggesting a rigid molecular structure.
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DISCUSSION This is indicated especially by the high molecular masses

of nearly 2000 kDa measured for these assemblies. Conse-

This report describes water-soluble de nogesheet
peptides [DPKGDPKG-(VT)GKGDPKPD-NH, n = 3—8]
which self-assemble into fibrillar structures. The vatine

threonine-based model peptides have enabled studies of the

relationship betweefi-sheet stability and association. Ac-
cording to the hydrophobichydrophilic repeat pattern,
matching aB-strand periodicity 40), and the high3-sheet
propensities of valine and threoningél(-44), the peptides
synthesized favor adoption of &sheet conformation. To
overcome the handling problem regarding the formation of
insoluble aggregates, which is a particular feature of se-
guences with3-periodicity and amphiphilig3-strands 17,
23, 45, 46), the central (Val-Thg) structure domainn( =
3—8) was flanked by two hydrophilic, unstructured octapep-
tide sequences which promote water solubility.
Conformational analyses (FTIR, CD) indicate differing
potentials of the various peptides to adopt thesheet
conformation. The critical chain length for a staflesheet
formation in aqueous solution was found to be six VT-repeats

(12 residues) which represent three VT-repeats (six residues)m

more than previously reported for amphiphilic oligopeptides
containing valine and threonind3). The observed increase
in critical chain length can be attributed to the improved
solubility, which is promoted by the N- and C-terminal
octapeptide sequences. The stability of fhgheet structure
increases with elongation of the (\;flomain to seven and

guently, destabilization by-amino acids has a greater effect
on shorter sequences than on longer, more stéidbeet
domains.

Examination of the morphology of aggregation indicated
that the high molecular mass species are organized into

fibrillar structures, which show some similarities to those

of amyloids, especially in terms of dimension and tinctorial
properties 2, 4, 5, 39). This fibrillar aggregation of de novo
designed peptides suggests that the potential for amyloid

formation is not restricted to peptides/proteins which are

associated with amyloidoses and prion diseases but may be
a common feature of a wide range of proteins. Interestingly,
p-amino acid substitutions influence the morphology of

p-sheet fibrils. In contrast to the wormlike fibrils of the

nonsubstituted VT-peptides, these fibrils are straight and
much longer. However, these differing characteristics cannot
be explained on the basis of our conformational and
association studies.

Because of the simplicity of these well-definBesheet
odel peptides, together with their excellent water solubility
and similarity to amyloids, continued work in this field is
planned. These studies will include an investigation of the
influence of amino acid substitutions on the stability of
intermoleculars-sheets as well as studies on the inhibition
of fibrillar g-sheet complex formation.
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on the stability of theg-sheet conformation. The destruction
of the weakf3-sheet structure with five VT-repeatd?) leads
to monomeric species. Compared to thgeptides, the
beginning off3-sheet formation and association is shifted to
the system having one VT-pair more (six VT-repeats). While
this sequence adopts a very wghkheet conformation, the
p-structure and association behavior of the longer domains
with seven and eight repeats are only slightly destabilized.

microscopy experiments, Gerd Krause for computer model-
ing, Burkard Wiesner for help with the performance of light
microscopy experiments, ‘Bael Badner and Heike Niko-
lenko for techniqual assistance, and Louis A. Carpino for
critical reading of the manuscript.
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