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Studying the structure of amyloid fibrils is important for the a) AM I
detailed understanding of fibrillogenesis at a molecular level. — inD0 $h:’ o Phe
Amyloid fibrils are noncrystalline and insoluble, and thus are not — InH0 TR AMII

amenable to conventional X-ray crystallography and solution NMR,  Phe
the classical tools of structural biologySeveral specialized
techniques with less general capabilities have been developed anc
utilized for probing fibrillar structure. Transmission electron
microscopy (TEM) and scanning probe microscopy (SPM) provide b)

. . o . . Solvent content
general information on fibril topology and morphology including (% of D,0)
the length, width, interstrand spacing, the number of protofilaments, 100%
and the way they are assembled to form the fib#it.he application — 50%
of fiber X-ray diffraction and scattering has been limited to short — 0%

peptides mimicking the core structure of the fibrils formed from
amyloidogenic proteid-® Wide-angle X-ray scattering from flow- :
oriented fibrils has been utilized to estimate interstrand and 1000 1200 1400 1600
; S ; Raman shift / cm-™
intersheet spacing in crogsstructure$. Solid-state NMR probes ] )
interatomic distances and torsion angles, which define local F9ure 1. DUVRR spectra of (a) thermally denatured hen egg white
. . . . . lysozyme in HO (blue) and RO (red), and (b) lysozyme fibrils in D
secondary structure and side-chain conformations. This technique,hye), 509% BO/H,0 mixture (green), and 100%.D (red). Excitation,
however, requires site-specifi#C and/or'®N labels? Further, FTIR 197 nm; AM, amide.
combined with proteolysis has been used to characterize the cor
structure of lysozyme fibril§.Application of FTIR, however, is
limited because of intense IR absorption by water. Here we report
on the first application of hydrogerdeuterium exchange (HX) deep
UV resonance Raman (DUVRR) spectroscopy to probe the second-
ary structure of the fibril crosg-core. The amide | bandwidth in

the DUVRR spectrum of the highly ordered crgssheet was found The Bayesian approathwas utilized for the mathematical

comparabtl)e todtha_t of;he GWGW_ crystal,_lndlcgtljng n%lnho_mo-l dseparation of overlapping DUVRR bands of the deuterated unor-
geneous broadening due to various amino acid residues INVolVedyg o4 mgjeties and the protonated cr@ssore. The dataset

intq the crossg core. This is in cqntrast _to_ the Raman spectra of consisted of DUVRR spectra of lysozyme fibrils suspended,i@/D
native globular proteif$-sheets which exhibit broader Raman peaks H,O mixture with DO concentration ranging from 0% to 100% at

than those of homopolypeptides? The dominating spectral o4 jncrements (selected spectra are shown in Figure 1b). The
contribution was assigned to the antiparafiesheet. Thus, HX- gpacira of three pure components (cr@smre and the protonated
DUVRR spectroscopy is a powerful tool for structural characteriza- and the deuterated moieties) were sought using all prior information
tion of crossg core of amyloid fibrils. _ such as concentration profiles and spectral features of the pure
HX is a valuable tool for characterizing protein structure, components. The resolved DUVRR spectrum of the lysozyme fibril
solvation, and water exposure, when combined with NMRass crossp core (Figure 2) is dominated by sharp amide | (1674%m
spectrometry? and vibrational spectroscopy.In an amino acid amide 1l (1559 cm?), Co-H (1400 cnrl), and amide Il (1224
residue, the main chain NH group and O, N, and S bound protons cm~?) bands.
exchange easily, whereas carbon-bound hydrogens dd imothe The ultimate goal of this study is to deduce structural information
protein hydrophobic core or strongly hydrogen-bonded secondary apout the crosg-core of lysozyme fibrils from the obtained spectral
structures, the HX rates are strongly reduced owing to shielding of data. Approximatd, symmetry of the antiparallgd-sheet gives
exchangeable sitéd.We hypothesized that amide-Nd protons rise to four vibrational modes in the amide | regién(1675 cnt?),
in unordered fragments of amyloid fibrils should exchange readily, B (~1690 cnt?, not observed)B, (1633 cntl), and B; (un-
whereas those hidden from water in the cr8ssructure will remain known)1” Two of them,A (1675 cnT!) andB, (1635 cnT?), are
protonated. As shown by Mikhonin and AsheHX causes adown-  well resolved in the crosg-core spectrum indicating that the
shift of the amide Il DUVRR band from-1555 to~1450 cnr?! antiparallel-sheet structure dominates the lysozyme fibril core.
(amide II) and the virtual disappearance of the amide Ill band in The other two amide | bands may be obscured by the strong 1675
an unordered protein. Figure 1a illustrates corresponding spectralcm™! band resonantly enhanced via Albercht A térithe G,-H
changes in the DUVRR signature of lysozyme upon deuteration. band is composed of at least three narrow sub-bands centered at

P\Ne hypothesized and then proved experimentally that DUVRR
amide bands of the protonated crgssore remain unchanged
(Figure 1b). Thus, the HX-DUVRR spectroscopic method will
resolve the spectroscopic signature of the cypssre from that

of water accessible moieties including unordered structures and
p-turns.
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Figure 2. Pure DUVRR spectra of crogbscore and thes-sheet structure
of globular proteiff and homopolypeptides$.

1200

1400, 1377, and 1356 crth Two of them, 1400 and 1356 crh
are observed in th@-sheet region of poly-lysine spectra and
originate from G-H in-plane and out-of-plane vibrations. This

Table 1. Peak Positions and Band Widths (Full Width at Half
Height, FWHH) of Main DUVRR Bands of Cross- Core, 3-sheet
of Globular Protein,® and Homopolypeptides?®

peak position (bandwidth, FWHH), cm~*

cross-3 core globular proteins® homopolypeptides®
amide | 1674 (17) 1671 (43) 1671 (35)
amide Il 1558 (31) 1557 (53) 1557 (46)
Co-H 1400 (23) 1397 (30) 1402 (25)
amide Il 1225 (40) 1241 (57) 1231 (54)

crossp core is higher than that of polypeptigestructure. The 17
cm1 bandwidth for the fibril core amide | band is close to the
value reported for the UV Raman spectrum of &ly crystal?°
This result is in contrast to vast experimental data showing that
proteins adopt less uniform secondary structures as compared to
that of homo-polypeptides, to accommodate the influence of various
side chains. The lack of inhomogeneous broadening of the Raman
bands because of various amino acid residues might indicate that
the crosss core structure is independent of the protein sequence.
In conclusion, hydrogendeuterium exchange combined with
DUVRR spectroscopy provides structural information about fibrils
which is not easily accessible by other techniques at the moment.

assignment was made based on MP2/TZV(d,p) normal-mode Up to now, X-ray diffraction studies of the fibril crogseore have
analysis followed by the resonance Raman enhancement calculatiorbeen performed only on microcrystals grown from short fibril-

of 2-aminoN-methylacetamide (NSCH,CONHCH;, ANMA), the
well-accepted model for the protein amide grdéin addition, we
constrained th&V dihedral angle of ANMA to 135to mimic the
geometry of amide motifs of the antiparalfeksheet. The origin of
the 1376 cm? band is yet to be clarified. The amide Ill band is
dominated by a~1224 cn1! band with a small shoulder at 1255
cm1. Both bands originate predominantly from-@l stretching

and N-H stretching. The former is strengthened because of the

coupling with G-H bending as evident from the MP2 calculation
on the ANMA model.
As shown by Mikhonin et alt? the average Ramachandrh

forming segment$.> HX-DUVRR spectroscopy should allow for
comparative characterization of the crgssore structure in the
model short-peptide fibrils and those formed from an amyloidogenic
protein. This study is ongoing in our laboratory.
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dihedral angle of the amide group can be calculated based on theReferences

band frequency of the amide Il vibrational mode. For a multi-
strandeds-sheet structuré’
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