SUPPLEMENTARY ONLINE MATERIAL

Supplementary Fig. 1. Alignments and Logos for selected aptamer pools. The ‘Genebee’
program (http://www.genebee.msu.su) was used to identify 10 ‘supermotifs’ within the
selected regions of the sequenced aptamers against the various f,m targets — low pH monomer
(A); WL fibrils (B) or LS fibrils (C). The matching sequence regions are shown within each
supermotif together with the names of the aptamers. Logos were generated from these
alignments using the ‘Weblogo’ program (http://weblogo.berkeley.edu), and are shown below
the respective motifs. Of the 19 sequenced anti-monomeric ,m aptamers, 1 does not fall into
any supermotif. The equivalent figures are 4/18 for the anti-WL fibril aptamers and 2/15 for the
anti-LS aptamers.

Supplementary Fig. 2. Secondary structures of the individual aptamers screened. The
secondary structure of WL-2 (see Fig.2) was confirmed by denaturing polyacrylamide gel
electrophoresis (A) after enzymatic digestion with RNase A (shown in blue), RNase T1 (shown
in red) and S1 nuclease (shown in green). A base hydrolysis ladder (black) and two further
marker lanes are also shown. The Mfold predicted secondary structures of aptamers LS-5 & M-
2 are shown in B and C, respectively. The random regions are highlighted in green. Arrows on
LS-5 (B) indicate bases, specifically protected from RNase A (blue) & RNase T1 (red) upon
addition of LS fibrils, see also Supplementary Figure 3.

Supplementary Fig. 3. Nuclease protection assays demonstrate specific binding of LS
fibrils. Nuclease protection was used to confirm binding of the cognate target to one of the
aptamers, LS-5, using standard methods. Briefly, aptamer LS-5 was digested with RNase A
(A) or RNase T1 (B) in the presence of a concentration gradient of LS fibrils (red) or a non-
binding control protein, Met J (blue). Example bands showing protection (labelled on the left)
were subjected to image densitometry. The resulting plots of relative intensity change (y axis)
vs gel position (x-axis, arbitrary units) are shown to the right of the autoradiographs and clearly
show decreasing band intensities with increasing fibril concentration (red) whilst no consistent
changes occur for the MetJ lanes (blue). These demonstrate specific nuclease protection of LS-
5 by LS fibrils. A summary of all protected sites is shown alongside the secondary structure
plot of Supplementary Figure 2B.

Supplementary Fig. 4. Extended sensorgrams of aptamer WL-2 binding. Aptamer RNA
was injected over flow-cells derivatised with WL fibrils (blue) or LS fibrils (red), then left to
dissociate over ~35000 seconds. Sensorgrams show that the aptamer RNA does dissociate from
fibrils over extended time periods.

Supplementary Table 1. Affinities of the aptamers derived from the SPR assay. Tables
show the apparent kinetic parameters for aptamers WL-2, M-2 & LS-5 binding to monomeric
Bom, WL fibrils & LS fibrils. Residual traces (not shown) suggest that ‘kinetic fits’ fall within
0.5% of experimental data. The derived kinetic parameters for repeated experiments are within
10% of each other, suggesting that these values are highly reproducible.
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ML - AGTGAAAGAAAGTACAG-CATGAGGGGCT-=-----
M7 GGAGGCCGAGAGGGCAGAACCCAGCGACGCGACGGAAAGA
M10 ———-GTGCGAGCAGGGCAACCA-GAAGAAAACGTAGGTAG
M11 AAGAGCGGAGAACGTTGAACCGACCGGAGG--———————-
M13 - GCGAACGAGACAACCA-GATAAGGACCGCCCAAT
M1IA  ————- CGTTGAAGGAAGGACGGTGCGGAAAAAAAATAACG
MBA  —————- ATGGACAAGCGACCCA-CATACGCTGTGGGCACA

i i o, \

=G gAflagh AAAYC aRp Rl . . A

LOCAL SUPERMOTIF 9

M5 e GG-TACCGAAAAGTCATTGGTTACAACCAGGCAGGCGCAGGAA
M1A TGAAGGAAGGACGG-TGCGGAAAAAAAATAACGCACAACGCGGCA-——=—————~—
M6A GCTGAGCCTCACGCCTGGGGACAAAA-CAGTTGCAAATGGCGTTGACAA

ﬂc C AFMAA AT CHCNACGCV GCA
= lacchlililc T caA TTilAlITScA VT

LOCAL SUPERMOTIF 10

M1 GTGAAAGAAAGTACAGCATGAGGGGCT---
M3 GAGCCGCCGGGTGCAGCATGTGAC-=—---
M6 TGAGCGACTGAGGCAGCATGGAATCATACG

R | (W

Supplementary Figure 1A
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Supplementary Figure 1B
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LOCAL SUPERMOTIF 7
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Supplementary Figure 1C
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Supplementary Table 1. Affinities of the aptamers derived from the SPR assay.

Aptamer

WL-2

LS-5

Apparent
Apparent dissociation | Apparent association | equilibrium
rate constant rate constant dissociation
Target constant
Kass Rmax
Kaiss (1/5€C) SE(kd) (1/M.sec) SE(ka) Kp (M) (RU) SE(Rmax) | RI(RU) SE(RI) X2
5.50E-
Monomer 0.0504 02 9.45E+03  3.51E+04 5.34E-06 16.4 36.2 171 0.952
1.13E-
WL 8.37E-04 05 1.12E+05 1.26E+03 7.48E-09 593 2.8 426 1.29 4.73E+00
9.10E-
LS 8.42E-04 06 1.10E+05 983 7.63E-09 754 2.62 503 1.29
kass Rmax
Kaiss (1/5€C) SE(kd) (1/M.sec) SE(ka) Kp (M) (RU) SE(Rmax) | RI(RU)  SE(RI) X2
1.06E-
Monomer 8.13E-03 03 7.10E+05 9.75E+04 1.15E-08 34.4 1.89 47.6 0.905
3.12E-
WL 7.48E-04 05 1.76E+05  8.04E+03 4.25E-09 766 26.7 155 0.855 | 9.10E-01
5.59E-
LS 3.55E-03 05 5.21E+05 1.24E+04 6.82E-09 279 3.12 207 0.89
Kass Rmax
Kaiss (1/5€C) SE(kd) (1/M.sec) SE(ka) Kp (M) (RU) SE(Rmax) | RI(RU)  SE(RI) X2
1.96E-
Monomer 8.16E-03 04 4. 78E+04  3.53E+03 1.71E-07 30.1 0.746 15.2 0.578
1.48E-
WL 6.71E-04 05 2.45E+04 227 2.74E-08 285 1.04 63.4 0.458 | 2.39E+00
1.15E-
LS 3.97E-04 05 1.79E+04 169 2.21E-08 411 1.91 57.5 0.436
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	Production and Characterisation of RNA Aptamers  
	Specific for Amyloid Fibril Epitopes 
	INTRODUCTION 
	Exploiting our ability to form amyloid-like fibrils of β2m in vitro of different morphological types (44), we describe the selection of high-affinity RNA aptamers capable of recognising such fibrils, and show that these aptamers also bind to β2m amyloid fibrils formed in vivo in patients suffering from DRA.  In parallel, we demonstrate cross-reactivity of these aptamers with amyloid fibrils generated from other proteins, either produced in vitro or isolated ex vivo, revealing evidence for both shared and unique epitopes amongst different fibril types.   
	EXPERIMENTAL PROCEDURES 
	Expression and Purification of Recombinant β2m - Expression and purification of full length recombinant wild-type β2m was carried out as previously described (45). 
	Preparation of β2m Fibrils in vitro - Amyloid-like fibrils were generated in vitro using an adaptation of established protocols (44,46).  Lyophilised β2m was resuspended in Milli-Q water (pH 7.0, Millipore Ltd) to ~5 mg ml-1 and filtered (0.2 (m cellulose acetate filter; Sartorius) before use.  Fibrils with different morphologies were then formed by incubation of the protein under different buffer conditions.  Short (~400 nm) curved "worm like" (WL) fibrils were formed by diluting β2m to 1 mg ml-1 in a final concentration of 25 mM sodium acetate, 25 mM sodium phosphate buffer (Buffer A), pH 3.6, containing 250 mM NaCl and incubating the solution at 37(C for 7 days with shaking at 200 rpm.  Small “rod-like” (RL) fibrils were formed in Buffer A, pH 3.6, (37(C, 7 days) without NaCl or agitation.  Fibrils with a long straight (LS) morphology, typical of amyloid fibrils isolated ex vivo from tissues of patients suffering from DRA (47), were formed by incubating β2m in Buffer A, without NaCl, at pH 2.5 for 7 days at 37(C, with shaking at 200 rpm (these fibrils are denoted ‘LS 2.5’).  Finally, fibrils were formed at neutral pH (37(C, 7 days) using a seeded-reaction in which fibrils formed at pH 2.5 were stabilised by the addition of heparin (46) and were then frozen (-20(C) to create fragmented fibril seeds.  These seeds were then elongated at pH 7.0 by adding 10% w/w of seed to a solution of monomeric β2m (1 mg ml-1) in Buffer A at pH 7.0 (lacking NaCl) at 37°C with agitation (46).  Fibrillogenesis was monitored by ThT fluorescence and negative stain TEM as previously described (48). 
	Biotinylation and Immobilisation of β2m - Isolated pure monomeric β2m (~1 mg) and β2m amyloid fibrils produced in vitro (~1 mg of each morphological type) were biotinylated (EZLinkTM Sulfo-NHS-LC-LC-biotin, Pierce), at neutral pH using ~20 fold molar excess of biotin over the total protein concentration, according to the manufacturer’s protocol. The reaction time was reduced to 10 min for fibril samples to avoid disassembly of the fibrils formed under acidic conditions (which is known to occur at neutral pH (46,49)).  ThT assays (48) confirmed that fibrils were present at every step of the biotinylation reaction.  Electrospray ionisation mass spectrometry (ESI MS; LCT Premier, Micromass UK Ltd.) of monomer and fibrils (first depolymerised by incubation at neutral pH (46)) confirmed that biotinylated β2m was present in both fibrillar and monomeric forms with, on average, 1 or 2 biotinyl groups incorporated per monomer.  MS/MS sequencing (Tandem Q-Tof, Micromass UK Ltd.) demonstrated that the modifications for both monomer and fibril typically occurred at the N-terminus and in residues in the native A and G strands (Lys7 and Lys92 for the monomer; Arg13, Lys92 and Lys 95 for WL fibrils).  The biotinylated samples were then immobilised on 1 (m streptavidin-coated microspheres (DynabeadsTM, Dynal Biotech), as described previously (50). 
	In vitro Selection - A Biomek 2000 laboratory automation workstation (Beckman Coulter) was used to perform simultaneous iterative in vitro selections with a synthetic combinatorial N60 RNA library (~1015 sequences) directed against the three β2m targets: monomeric β2m at low pH (designated LM), WL fibrils, and LS fibrils, using minor modifications of the protocols described previously (50).  Selections were carried out in buffers appropriate to the target; Buffer A, pH 3.6 for the low pH monomer and WL fibrils, and Buffer A, pH 2.5 for LS fibrils.  Negative selections were carried out on the 1st, 5th and 10th selection rounds.  Aptamers directed against monomeric β2m and LS fibrils were then counter-selected against underivatised Dynabeads, whilst aptamers directed against WL fibrils were counter-selected against beads carrying biotinylated monomeric β2m at pH 3.6.  Samples from the RT-PCR products were taken at the end of each round and analysed by native PAGE in order to confirm the isolation of products for the next round of selection. 
	Binding Specificities of Anti-β2m Aptamers Measured Using Surface Plasmon Resonance - The binding specificities of the three selected anti-β2m aptamers were studied by surface plasmon resonance (SPR) using a BIAcore 3000 instrument with the biotinylated selection targets immobilised on the sensor chip (SA using Buffer A pH 3.6 containing 250 mM NaCl as running buffer and diluent).  Aptamer RNA was dialysed into the same running buffer before injection across the surface in the same buffer in order to minimise bulk refractive index effects.  Flow rates and the regeneration of chip surfaces were as described previously (51).  Data were analysed using the manufacturer’s software (BIAevaluation). 
	Dot Blot Binding Assays - β2m fibrils were pelleted by centrifugation (13,000 rpm for 5 min), washed with buffer A at the appropriate pH and ionic strength to ensure all monomer was removed, resuspended in the same buffer to (1 mg ml-1 (based on initial monomer concentration and assuming 100% fibril yield), and diluted to a range of concentrations (1-1000 (g ml-1). A 2 (l aliquot of each sample was then taken and spotted onto nitrocellulose membranes (0.45 µm, Hybond ECL, Amersham Biosciences).  Once dry, the membranes were stored (4(C) in sealed plastic bags until required.  For the binding assay (conducted at 21(C), each membrane was pre-wetted in 10 ml Buffer A, pH 3.6 or pH 7.0, containing 250 mM or 1 M NaCl, by rolling in a Falcon tube for 5 min.  To block non specific binding ultra-pure BSA (Ambion Inc.) and yeast tRNA (Ambion Inc.) were each added  to a final concentration of 10 (g ml-1 and after 10 min incubation, (5×106 cpm 32P-labelled RNA (32P-RNA) (52) was added and incubated for an additional 10 min.  Membranes were then repeatedly washed in 20 ml buffer for 10 min cycles until no significant radioactivity was detected in the buffer.  The membranes were then air dried and wrapped in cling-film before exposure to autoradiography film (Biomax MR film, Kodak) for 1 h (21(C).  Autoradiographs were scanned (Fujifilm FLA-5100) and spot intensities compared using AIDA software.  Membranes were also stained with Deep Purple™ Total Protein Stain (GE Healthcare) according to the manufacturer’s instructions. 
	Dot Blot Cross-Reactivity Assays - To test whether aptamers raised against β2m fibrils produced in vitro cross-react with other types of amyloid fibrils, dot blots were prepared, as described above, with amyloid-like fibrils formed from Aβ(1-40), transthyretin (human, Sigma Aldrich), lysozyme (hen egg, Sigma Aldrich) and apomyoglobin (horse heart, Sigma Aldrich) produced in vitro according to established protocols (53-56).  Blots were prepared also with ex vivo amyloid fibrils isolated according to a standard protocol (57) and without further purification, from unfixed frozen amyloidotic tissues (obtained with informed consent in accordance with the Declaration of Helsinki) of patients with DRA, and hereditary systemic amyloidoses of lysozyme (Asp76His variant) and transthyretin (Phe33Leu variant) (58).  All blots were then incubated with radiolabelled aptamers as described above. 
	RESULTS 
	Identification of Specific Epitopes on Different β2m Fibril Types - After 10 cycles of in vitro selection the three aptamer pools were cloned and (20 of each sequenced.  As expected after ten rounds of selection, the pools contain a number of distinct sequences that cluster into families based on short (<10 base) sequence motif matches, with some individuals showing matches in several families (Supplementary Fig. 1).  Although partial consensus sequences are clearly present, confirming that selection had occurred, there was no one obviously dominant epitope binding consensus.  Comparison of these sequences with those reported elsewhere for either anti-Aβ(1-40) (36) or anti-PrP aptamers (39) did not show significant sequence motif matches, suggesting that the aptamers raised are specific to the β2m selection targets. 
	Cross-Reactivity of Aptamers with Other Amyloid-like Fibrils - In order to determine if the β2m fibril-specific epitope(s) identified here are also present in other amyloid-like fibrils, a series of blots was created using amyloid-like fibrils formed in vitro from apomyoglobin, Aβ(1-40), lysozyme and transthyretin, proteins/peptides unrelated to β2m but known to form amyloid-like fibrils in vitro (53-56).  The fibrils were characterised by negative stain TEM (Fig. 5) and ThT fluorescence (data not shown).  Importantly for this set of proteins, fibrils with a LS-like morphology (lysozyme, transthyretin and Aβ(1-40)), as well as more curvilinear forms, analogous in morphology to the WL fibrils of β2m (apomyoglobin), were generated.  Fibrils were then purified from each sample by centrifugation and dotted onto nitrocellulose membranes to create a protein dilution series from 20-2000 ng.  Replicate blots were prepared and incubated with the 32P RNA aptamer WL-2 or the naïve library as a control.  In order to compare aptamer binding to different fibrils, the yield of fibrils in the different growth assays was determined in parallel by staining one blot with Deep Purple™ Total Protein Stain.  Protein concentrations and aptamer binding were then quantified by densitometry (Fig. 6). 

	DISCUSSION 




