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Protein misfolding leading to the formation of fibrous protein
aggregates is the molecular mechanism underlying several diseases,
including Alzheimer’s and Creutzfeletttlakob diseasésWhile the
specific mechanistic details have not yet been elucidated, there is
general agreement that fibril formation is preceded by the adoption
of extendedg-strand structure in a polypeptide; theSestrands
assemble to form solubje-sheet aggregates and eventually com-
plex fibers? In some diseases, the solubfesheet aggregates
(or protofibrils) may in fact be more cytotoxic than the fibrils
themselves. One approach to studying these systems is to focus on
model peptides derived from natural sequences, which are capable
of undergoing the helix to sheet conformational change, forming
aggregates and eventually fibrils. For example, the prion disease
scrapie is caused by the misfolded scrapie isoformSgPdPcellular 1700 1600 1700 1600
prion protein (PrP); the native protein contains only smghsheet Wavenumbers (cm™)
domains, but a conformational change to the SPnesults in
formation of a large3-sheet domain capable of seeding intermo- Figure 1. IR absorption amide bands of H1 (a), selected singly labeled

I | t d tually the fibril ible for th derivatives A113 (b), A117 (c), and V121 (d). Peptides were dissolved in
ecular aggregates and eventually the Tibris responsible 1or e ;4.9 miiyre of DO buffer (20 mM Hepes and 100 mM NaCl in,O):

diseasé. Synthetic peptides derived from the flexible N-ter-  acetonitrile (pD= 7.0, corrected). All spectra were recorded from 25 to 75
minal region of PrP can form f8-sheets in isolatioA.H1 is a °C every 10°C. The frequency positions of the fFand HEB and the'3C

short peptide with sequence derived from residues 109 through 1223_omp;_onen; t?]ands a;e ilndri]cated in_t:]he each _pantel. The :taxrrow'fl irt\ditci]attet:]he
. H al change witn Increasing temperature. Note tha e
(AC-MKHMAGAAAAGAVV-NH ») of Syrian hamster PR2This sgggt:gnw%re reezgzlce& to havg the same area fgrom 1p750 to 153Gtas
sequence is believed to contain the most amyloidogenic region, oc anq the absorbance is given in arbitrary units.
with the ability to initiate misfolding of the other regions of the
protein as welf. While amyloidogenic peptides derived from natural temperature is increased in the range of-Z5 °C, the peptide
proteins have become standard models for dissecting the mechanisnindergoes a transition to a conformation with significarttelix
of aggregate formation, there is little detailed structural information or random coil content, giving rise to a broad band centered at
about these systems. Isotope-edited infrared (IR) spectroscopy is a~1655 cntl.13 This conformational change is fully reversible; upon
valuable technique for obtaining residue-specific information about cooling back to 25C, the initial spectrum is fully reproduced. The
the conformation and dynamics of peptides. When site-spéé@fic  |ack of a frequency shift in thg-sheet bands upon heating suggests
labels are introduced into the peptide backbone, the isotope-shiftedthat no detectable intermediate structures occur during unfolding.
amide | mode couples only weakly with thH8C modes and can  As the temperature is increased, strands are released from the larger
be used as a probe for peptide structure at the residue level. Thisaggregate to form free helix or coil peptides, but leaving the overall
technique has been used to dissect the local details of conformationstructure and organization of the aggregate intact.
stability, and dynamics ai-helice$ and to map ouf-sheet forming Close inspection of the spectra from the labeled peptides allows
regions in dried films of amyloid-forming peptidés® Here, we us to elucidate the details of the conformation and the alignment
report a variable temperature isotope-edited IR study of the peptideof residues within the antiparall@-sheet. When residues of the
H1 in solution, with the goals of using the isotope-edited spectra hydrophobic core of the peptide are labeled, a promiriéat
to identify specific points of interstrand contact within the equi- sideband appears in the spectrum, while it does not appear when
librium conformation of the3-sheet aggregates and as a probe for residues at the N-terminus of the peptide are labeled. On the basis
the mechanism and dynamics of formationfe§heet aggregates  of the data from the labeled peptides, we propose that the
in solution. hydrophobic stretch of H1 (residues 1P22) forms aS-sheet,

An unlabeled H1 peptide along with a series of 10 peptides leaving the N-terminal polar residues (10811) as a dangling end.
containing one or twd3C labels in the backbone were prepared, Peptides labeled at positions A113, A115, A118, A120, and V121
synthesized, and characterized by FTPRBefore spectra were  have very similar spectra overall, witiC amide 1 frequencies
measured, samples were annealed by a heat/cool cycle to ensuraithin 1600.9-1603.7 cnt. The peptide labeled at A117, however,

i(a) H1 1620.8 (b) A113H1

1622.5

(c) A117H1 (d)V121H1

1621.9
1623.3

Absorbance (arbitry units)

that the peptides were in their equilibrium conformatidithe IR gives a'*C amide 1 band at 1592 cnt, 10 cni? lower than the
spectra in the amidé band region of H1 and some singly labeled others, and with a slightly diminished intensity.

derivatives are given in Figure 1. The amideband of H1 is a If the 3-sheet is formed only by residues P22, position A117
signature of an antiparallgi-sheet, dominated by a weak high  will be aligned in all strands, with the carbonyls parallel and in
frequency and an intense low-frequency compofems the fairly close contact{4 A), enabling strong dipole coupling of the
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formation of prion protein fibrils, and the observation of the

transition from a disordered sheet to a well-defined alignment gives
new specific details to some of the first steps of aggregate nucleation
and propagation. This description of structure and dynamics of prion

112 17

Absorbance

1 I

12 "7 122 aggregates in solution at early stages of aggregation begins to fill
in an important gap in understanding the mechanisnf-sheet

4-?—7—’— E K

, * , ﬂdo WWavenumbers ‘-60 aggregatlon.

Figure 2. Cartoon schematic of strand alignment in the PEheet Acknowledgment. We thank Dr. Stephen Eyles for help with
aggregate. (a) Initial (kinetically trapped) alignment of strands, with position mass spectrometry. This work was supported by grants from the

of A117 labels indicated. (b) Equilibrium alignment of strands, with the ; ; ; ;
hydrophobic core residues (11222) forming the core of thg-sheet, Natl.onal Science Foundation (CHE9984844) and the National
resulting in the alignment of the A117 residues in each strand. (c) Amide INStitutes of Health (R15GM54334).
I bands of completely exchanged fresh peptide solution of A117 recorded
every 2-3 h after sample preparation at 8G. The arrows indicate the
direction of spectral changes with increasing time.

Supporting Information Available: Spectra of other labeled H1
peptides and a table summarizing the complete set of spectral data
(PDF). This material is available free of charge via the Internet at http://

13C amide 1 modes and lowering the observed frequency. In the PUPs.acs.org.

structure proposed in Figure 2b, the arrangement of the A117
residues is unique, because none of the other residues align so
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and aggregation. Further studies to characterize this process

kinetically and as a function of peptide sequence are currently
underway.

The elucidation of details of the structure of the H1 aggregate
in solution lends insight into the significance of residue 117 in the
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