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Amyloid 8 (ApB) proteins are 3942 residue polypeptides that

H
form fibrils and accumulate in the brain tissue of persons afflicted X X X
. . , . . n n+2 n+4
with Alzheimer's disease. They are the principal component of .~~~ Xt Xiea ~
senile plaques, the pathognomonic lesion in this disease. A detailed M

H

/

structure for the amyloig3 fibril is of interest because it is a
molecular target for therapeutic intervention.

Early X-ray scattering studies indicated that fibrils possess X 1 X I X
crossf structurel2 while infrared spectroscopy detected a widely """ 0 X ™20 Xovs N
. . . . . n n
split amide | band suggesting that tifistructure is antiparallél 0 N » N

Literature in this field is subject to confusion because different

investigations are performed on different forms of these proteins. \H \H Q
Hereafter, 4840 and A642 designate 40 and 42 residug proteins, X, ‘;b Yoz “
respectively. -, designates a polypeptide segment corresponding -~ Xi1 x,,+3

H H

b

n+4

to residuesn throughn of A42, while an amidated C-terminus is

designated byf. Accordingly, isotope-edited infrared spectroscopy Figure 1. Relationships betweekC-labeled amide | oscillators (€0

suggested tha}t fibrils formed by/4-4. have an antiparallq!B. groups in circles) and unlabeled amide | oscillators=@ groups in
structure® Antiparallel structure was later confirmed by solid- diamonds) in a parallgs sheet. Thes strands are “in-register”, meaning
state NMR (SSNMR) studies in fibrils formed from Bas—42,° that the labels at positionX1 in each strand are aligned. This facilitates

7 8 : . interstrand coupling between labeled oscillators and results in a red-shift
AB1e-22." and ABu-ps° Therefore, it was surprising when of the amide | band arising from the labels. Optimal intensification of

SS-NMR studies of fibrils formed by £10-35° and by full-length 13C-containing modes, however, requires optimal interstrand coupling with
Ap401011 as well as EPR studiés,indicated that these longer  12C-containing amide I oscillators, and this is precluded wiénis present
segments both formed fibrils with parallel in-registestructure. on adjacent strands instead %6€.

In view of recent progress in understanding vibrational dipole
coupling in isotope-labeled polypeptides, particularly those forming
B structurel3-17it is of considerable interest to probe the structure
of fibrils formed by*3C-labeled amyloid3 proteins with infrared
spectroscopy. Lansbury previously explored amyloid structure with
pioneering studies of this type, but only in a nine residue C-terminal
segment, Aas—42,° and pancreatic amyloitf.

The introduction of3C-labeled peptide groups into a polypeptide
results in splitting of the amide | band into high frequeriég
components and lower frequent$C components. Th&C com- at 1685 cm? nearly vanishes.

ponents shift to even lower frequencies wh#&-containing amide The pattern observed in0 most closely resembles that seen
I oscillators are aligned and placed in close proximity to each \yhen1sC |abels are not immediately adjacent to each other or when
other (Figure 1}>?° The intensity of these components, on the they are diluted to some extent with unlabeled protein. This is
other hand, is enhanced when they are aligned with and placedconsistent with the A21/UL spectrum, in which band positions are
in close proximity to?C-containing amide | oscillatofS. Thus, intermediate between those of the UL and A21 spectra (abbrevia-
the disproportionately strong signals commonly seen arising from tions defined in Figure 2 caption).
13C-containing peptide groups in well ordered secondary struc- The A30 spectrum exhilita 2 cm? 12C blue shift, a barely
ture are attenuated when the labels are aligned in adjacentdiscerniblel3C shoulder, and an intact high-frequency component.
strands! While little can be deduced from such weak coupling, it provides
Apio-35 and AB40 were synthesized commercially (Synpep) with  contrast to illustrate that a significant degree of coupling between
13Cy-labeled amino acids (Cambridge Stable Isotopes) in selected13C modes exists in A21. When A21 and A30 are mixed in organic
positions. Protein identities and isotopic purity were confirmed by phase and allowed to coaggregate, the result is again virtually a
ESl-ion-trap mass spectrometry of tryptic digests. Aggregated linear combination of A21 and A30 spectra (spectrum not shown),
proteins were prepared by incubating AB solutions of each indicating that no significant coupling occurs between these labels
protein in DO—HEPES pD 7.4 at room temperature for 3 days. in fibrils.
Infrared spectra were obtained by evaporating aggregated proteins Fibrils formed by A31o-35 are unlikely to be significant com-
onto an internal reflection crystal and coadding 1024 scans. A level ponents in the pathology of Alzheimer’s disease but are of interest
baseline was set for each spectrum, but no smoothing, deconvo-because they form morphologically similar fibrils despite their
lution, or water vapor subtraction was performed. abbreviated length (see Supporting Information). Unlabelég As

Unlabeled, unaggregated3A0 yields a broad, featureless amide
I maximal at 1658 cmt, whereas amid€ In aggregated A40 is
maximal at 1624 cmt and has a high frequency shoulder at 1685
cmt (Figure 2), as previously descrifgdmide I: primes indicate
spectra collected in fD). A 13C; label in the alanine residue at
position 21 is difficult to detect in unfibrillized protein, but it has
three significant consequences on the spectrum of fibrillized
protein: the absorption maximum shifts to 1630¢pa conspicu-
ous shoulder appears at 1612 ¢épand the high-frequency shoulder
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Finally, evidence of two differently coupled subpopulations in
F20 spectra of B10-35 is consistent with dual resonances observed
in NMR studies of correspondingly labeleg40' and the multiple

A21AZD)

|

i

I\ Az1A30
| ! resonances arising from labeling of the adjacent residue (Ala21)
| a0 in Aﬁng.f5 AF this p_oin_t,_ it is_npt possible to di_stinguish

/J\ | heterogeneity within an individual fibril from two populations, each

i AL | %0 with uniform internal structure.

\ Although the use of vibrational spectroscopy as a technique for

i macromolecular structure determination is relatively undeveloped,
A2 ' it is likely to receive increasing attention because of its high
sensitivity, diversity of suitable sample conditions, and the potential
to yield information about molecular orientation. These advantages
may prove to be of particular significance to understanding amyloid
fibril structure since none of the techniques applied to date help
clarify the transverse relationship between crfssiits in a fibril.
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Figure 2. Amide I infrared spectra of 840 (left panel) and 1035 (right and lan Blair for mass spectrometry analysis and Robin Hoch-
panel) proteins. The vertical axes indicate relative absorbance, and dashedstrasser for a discussion of the manuscript. This work was supported
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Supporting Information Available: Electron micrographs of fibrils
and mass spectra of isotope-labeled peptides (PDF, JPG). This material
is available free of charge via the Internet at http:/pubs.acs.org.

yields a spectrum that is indistinguishable from unlabelgdl@\
(data not shown). Labeledfo-35, however, yields three striking
spectral findings. First, both the A21 and A30 spectra frofiolss
are similar to the A21 spectrum of 340, suggesting that the
environments of residue 30 infAs-35 and A340 are significantly
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