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Native structures of peptides in proteins have been thought to
represent the most stable among the possible conformations that a

peptide can take. However, amyloid fibrils are now considered to

be stable structures for peptide aggregates. The relationship between
the secondary structural preferences of individual residue native
proteing and amyloid fibrils has not been fully addressed because

only fibril structures of short peptides have been examined s&far.

Accordingly, in the current study, we carried out a detailed analysis

of peptide structures of fragments in fibril and the native states.

For this purpose, we employed vibrational spectroscopy, which
can be used to study the structures of small peptides and full-length
proteins in both fibril and native solution states. The secondary
structures of component residues in the peptide were deduced from

the shifted amide | frequencies of peptides specifically labeled with
13C on the carbonyl group of the main chdir. The IR spectra for

these analyses were obtained with an FT spectrometer in conjunc-

tion with a microscopé.

The IR absorption spectrum for the fibril of the #231 fragment
of B-microglobulin PEINFLNCYVSGFH] is shown in Figure la.
The fibril was prepared at pH 7.5 and in the presence of 100 mM
NaCl? The spectrum was similar to that of the full-length amyloid
fibril, 8 and this fragment corresponds to strand B #28) of 3,-
microglobulint® On the basis of the spectrum shown in Figure 1a,
it was previously deduced that five of the residues in the#21
fibril are in a f(-sheet conformation, four are in a random
conformation, and two are in a nadnon{ structure? The error
for these values was1 residue, mainly due to the uncertainty of
the analysis. The absence of a band-a680 cn1! suggests the
parallel stacking of5-strands.

To determine the location of each secondary structure, isotope 20—

substitution was carried out. The spectra of fé#€-substituted
compounds are shown in Figure -16. The 13C substitution is
located on F22 in b, L23 in ¢, G29 in d, and both F22 and V27 in
e. Forl2C=0 amide | modes, the transition dipoles of nearby amide
groups couple strongly with each other (transition dipole coupling
[TDC]), resulting in variable changes in frequency. The empirical

rule predicts that the amide | frequencies of peptides are located

around>1660, 1666-1640, and 16461615 cnt? for non-a/non-

B, random, angg-sheet structures, respectivéhi=0 substitution
causes the frequency to shift down 5385 cnt! due to a mass
effect. In addition, the TDC between adjacéf@=0 oscillators,

if present, would lower the frequency further; its magnitude is a

function of the separation and relative orientation between two
13C=0 oscillators. In fact, it is expected that the band would appear

at ~1586 and~1595 cnt! for parallel and antiparallg$-sheets,
respectively, without slipping of the labeled positirror the latter,
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Figure 1. IR absorption spectrum of the fibril of (a) the #231 fragment
and (b-e) the isotope-labeled species; #86=0 of peptide main chain is
substituted t03C=0 at (b) F22, (c) L23, (d) G29, and (e) F22 and V27,
respectively (substituted residue is depicted in the figure by bold face).

it appears around-1602 and~1608 cm! for one- or two- and
three-residue-slipped structures, respectively.

In Figure 1b,c, thé3C=0 band appeared at 1603 and 160L&m
consistent with substitutions at F22 and L23, respectively. Their
peak positions indicate that F22 (and L23) adopfssheet, and
that two 13C=0 oscillators in the adjacent molecules are slipped
by two or three residués.In contrast, the spectrum in Figure 1d
is similar to that in Figure 1a, indicating that the shiffé@=0
band is buried in the envelope of thel630 cnm! band in the
O f-sheet. This means that G29 adopts a random structure.

The IR absorption spectrum of the #231 fibril (Figure 1a)
indicates the presence of a two-residue ndmen4 structure, which
we tentatively assigned as A-bulge”8 although as-turn is also
a plausible candidate. To determine which structure is correct, both
F22 and V27 were labeled witiC. If a S-turn were present, it
would be at N24 and C25 because fhsheet is five residues long
in the molecule that would contain F22 and L23. In this case, F22
and V27 would come in close proximity and, due to the stronger
TDC between the'3C=0 oscillators, should give rise to an
additional peak at a lower position than the F22 monosubstituted
species. Figure 1e shows that the additional peak is observed at
1603 cnit with an intensity nearly twice that of the monosubstituted
species (Figure 1b,c). This clearly demonstrates that the TDC
between F22 and V27 is small enough (i.e., their distance is
sufficiently long) for there to be no turn structure in the #2&1
fibril because of the long intramolecular distance. Rather, TDC that
causes the shift to 1603 crharises from the disposition of extended
units®® Also, Figure le shows that both F22 and V27 are in a
p-sheet because they yield a band at around 1603.cm
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Figure 2. Raman spectrum of the #2B1 fibril: (x) spontaneous emission
lines of Ar" laser; (#) solvent.
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Figure 3. Plausible model of #2131 fibril. Parallel 5-sheet is shown.
Color depicts the secondary structurgssheet (green) and random (blue).
Red line indicates a disulfide bridge.

To examine the structure further, the Raman spectrum was
measured for a dispersed fibril in an aqueous buffer under
nonresonant conditioks (Figure 2). Amide | was observed at
~1670 cmt as an intense band, consistent witf-aheet. Also,
the S-S stretching band;(S—S), is clearly seen at 494 crh and
the amide 1l (1229 cm?), Tyr doublet (826 and 852 cr), and
Phe (1004 cmt) bands are also clearly visible. At the same time,
there was no trace of a band around 2560 tim the IR spectrum
that could be assigned to a8l stretching band (data not shown).

Our finding of av(S—S) at 494 cm? strongly suggests that the
disulfide bridge is constrainé@%which means that the C25 residue
is in a regular structure. Given the steric hindrance of the CCSSCC
linkage, this bridge should connect molecules in diffef&sheets.

Itis highly likely that the N24 and Y26 residues also adopt a regular
structure because they would be held in place by the regular L23,
C25, and V27 residues. Thereforepasheet is very possible for
this region. Furthermore, the presence of #i®—S) band agrees
with the findings of Hasegawawhich suggested the predominance
of the dimeric species in the fibril.

A plausible structural model based on the present resullts is shown (15)

in Figure 3. Twgs-sheets are formed with hydrogen bonds between
molecules and are linked by a disulfide bridge. This agrees well
with our previous modéland also with the conformation of this
fragment in the native proteM.The secondary structure preference
in the native protein is retained (if not complete) in the fiBfiln
other words, the side chain interactions in the native protein would
probably be correctly reproduced in the fibril if it is formed at
neutral pH. This is in agreement with the fact that the Chou
Fasman methddoredicts a high propensity f¢i-sheet formation
by the #22-28 fragment.

Therefore, the side chain interactions in the peptide fibril seem
to be similar to those in the protein, and, at least for the short peptide
fibril, are an important determinant of the secondary structire.

This view contradicts the idea that sequence effects are much less

significant than main chain interactions for the fibril core structire.
Indeed, this previous idea cannot explain the fact that (iptsbeet
core does not spread to the whole molecule, and (ii) the location
of the 5-strand in the unit agrees with that of the sequence that
prefers-sheet. A3-helix?®21can be a real core structure only when
its physicochemical properties are consistent with (i) and (ii).
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