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Amyloid fibrils formed from different peptides and proteins are TTR,..\s
associated with more than 20 diseas&imilar self-assembled Stalk
structures form in vitro from a broad range of non-disease-related ' ™
polypeptides. They are generally thought to adopt a common gross-
structuré in which the peptide chains assemble iitsheets, with
the constitueng-strands running perpendicular to the fibril axis.
The evidence for this structure comes from wide-angle X-ray ’d
scattering (WAXS) studies of aligned fibril samples that show the : o -
presence of characteristic anisotropic patterns consisting of an axial e o e
reflection at 4.7 A, corresponding to the inter-strand spacing, and
an equatorial reflection at typically-812 A, which is usually
broader and corresponds to the spacing between two or more

pB-sheets stacked within the fibril. Samples with such alignment p : r "
are typically prepared by processes that involve a significant degree ;

of sample dehydratioh.There is evidence, however, that the -

structure off-sheet-containing fibrils can be significantly affected

by the level of hydration in the samptei/e therefore set out to ~— l 4

explore whether evidence for a crgggattern similar to that seen ‘ ' _ _
in dried samples can be obtained for fibrils in aqueous solution Figure 1f: fFIWO‘dLmeES'O”Q'ﬂWAXSI Pat}emfshoma'”?d from TlBRlﬁr?nd _
under conditions similar to those in which other biophysical HEWL fibrils at the three different levels of hydration (see text). The dried

. . stalks are aligned approximately vertically.
techniques are commonly used to characterize these structures.
We examined the effects of dehydration and concentration on fainter in the more dilute samples. A broad ring-&.5 A is also

2D WAXS patterns obtaiqed from t_WO types of an_qyloid fibri_ls, present for all hydrated samples, corresponding to scattering from
one formed by an 11-residue peptide corresponding to re&dueswater (see Supporting Information).

105-115 of transthyretin (TTks-1.5), and the other by lysozyme, To provide a more quantitative comparison between these data,
a 129-residue protein from hen egg white (HEWL). hRusand the 2D patterns in Figure 1 were radially integrated over all

H_EWL b(_)th form well-characterized amyloid fibrils in tht_)and azimuthal angles with the water background subsequently subtracted
either wild tyF’e or mutgnt forms of both transth_yrét_land (see Supporting Information). The close agreement between the
Ixso;ymé are implicated in human forms of amyloid diseases. resulting 1D scattering patterns for the dried and hydrated samples
Fibrils were formed from 20 mg/mL of TTfs-115 O 75 mg/mL of TTRygs-115 fibrils shown in Figure 2A provides strong evidence

of HEWL solutions, and aliquots of both fibril suspensions were that the core structure of these fibrils is independent of the hydration

;S_e(; forf three ty;l)_es OJ ex;l)lfnment. In the_flrstl, the h%'_'quﬁt Was |evel of the sample. Furthermore, the similarity between the spectra
ried to form an aligned stalk using conventional methibisthe of the pellet and the solution, which differ in fibril concentration

second, it was concgntrgted by centrn‘_ugatlon _to form a hydrated by a factor of 20, suggests that this structure also persists in the
pellet, and_ in the t_hqu, it was used directly without any _further most dilute solutions used for other biophysical and spectroscopic
‘(l:once“nt“ratlon”or dlluflon. Thc:::s_e are referred to, respectively, as techniques, such as circular dichroism and fluorescence.

stalk’, “pellet’, and splgﬂon In Figures 1 anq 2 Stallks fro“.“ The inter-sheet and inter-strand reflections in the 1D scattering
HEWL and TTRos 15 fibril samples both gave rise to anisotropic patterns of HEWL fibrils are also essentially unaffected by the level

2D WAXS patiems displaying the typical features of a ciiss- of hydration (Figure 2B). An additional linear background correction

ptatte;n fﬁr stFaclfedtsllhiegs (F('jgtﬁre b. Ih.e ﬁXltaIIy I?“g?ei‘l ln'i.er- was applied to allow a more detailed comparison of the inter-sheet
strand reflection|s at 4.7 A, and the equatorial Inter-sheet reflection o6 +tions of the different samples (see Supporting Information).

I.?hat ai;rédwli'& forfTTlet[lf antl:: TEW;f'br:lsﬁ[’. respefctrllviily.t d The position, width, and normalized intensity of the corrected inter-
© patterns from both pelets and solutions ot Nyaraled: oot reflection are similar for all levels of sample hydration, as

HItEWLhan(ti T;:—R‘;.&HS f:EnIs allso Zhow d'S;[detﬂ'qnter'Strf?mi, and  oown in Figure 2B (inset). This again indicates that dehydration
inter-sheet reflections (Figure 1). As expected, these reflections areor concentration have no detectable effect on the core fibril structure.
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2 i ! ! Figure 3. Two-dimensional WAXS patterns from partially aligned hydrated

0.1 0.15 02 fibril samples. Left: background-subtracted WAXS pattern obtained from

a flow-aligned solution of TThys-11sfibrils (flow cell). Right: flow-aligned
1/d (1"’A) WAXS pattern from HEWL fibrils (capillary). The flow direction, and
_ therefore the fibril axis, is approximately vertical in each case.
- '"%‘W HEWL (B) and is not simply a product of the dehydrating conditions typically
= 1 used to record the X-ray scattering patterns of such species. In the
5 ] 0.1 0.14 case of fibrils formed by the yeast prion, Sup35, the equatorial
E 3 sesee golution WAXS reflection is present in dried but not in hydrated samples;
3 Spaemtone, —— pellet in this case, the structure could contain internal water channels that
N 0.5 | "'-..,' — dry stalk collapse on drying. In the case of the amyloid fibrils examined
E " here, by contrast, the crogsstructure is present in individual fibrils
5 and is unaffected by the level of sample hydration, suggesting that
Z 9 - individual hydrated fibrils contain a stack of two or more sheets
. . whose interfaces are inaccessible to bulk water. Such a conclusion

0.15

0.1 0.2 is consistent with models of amyloid fibrils based on data from
A other structural techniques, such as solid-state NMR spectrogcopy,
1/d (1/A) and with the dry interfaces recently observed for peptide sheets in

Figure 2. Background-subtracted 1D scattering patterns, normalized relative 3D crystals?

to the maximum of the 4.7 A peak, from TT#R 115 fibrils (A) and HEWL

fibrils (B) in the differently hydrated samples. Inset: inter-sheet reflection ~ Acknowledgment. We thank the Leverhulme Centre for
from HEWL scattering patterns, with further linear background subtracted. Biological Complexity, NHMRC (Australia), and the Royal Society
for financial support, and Ben Luisi and Dima Chirgadze (Depart-
ment of Biochemistry, Cambridge) and Mike MacDonald (station

constituent fibrils in a sample are aligned in a particular direction, i i L
14.1, Daresbury) for assistance with WAXS facilities.

as occurs in the formation of dried stalks; in samples that have no
overall fibril alignment, such as the solutions in Figure 1, the Supporting Information Available: Methods for sample prepara-
reflections are isotropic. To explore whether a cr@ssructure is tion and alignment; details of X-ray data acquisition; scattering patterns
characteristic of fibrils in hydrated samples, scattering patterns were without background subtraction; and details of background subtraction
acquired from concentrated solutions or pellets in which the fibrils and normalization procedures. This material is available free of charge
were aligned by flow, either in a purpose built flow cell or in glass via the Internet at http://pubs.acs.org.

capillaries (see Supporting Information). The 2D WAXS patterns
of flow-aligned hydrated samples show marked anisotropy, as
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