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Section 1: Selection of small molecules used for screen validation  

 
‘Positives’ : Fast green FCF (FG) (1), a triarylmethane food dye, has been shown previously 

to inhibit amyloid formation by hIAPP1 and is used here as an example of inhibition by 

specific binding. Previous studies have shown that EGCG2-6 (2) and silibinin2,7 (3) also act as 

specific inhibitors of hIAPP amyloid formation and are included here for comparison. EGCG 

is the most well characterised ‘positive’ aggregation inhibitor of a variety of proteins (e.g. g-

synuclein8, hIAPP2-6 and Aく40/423,8-10) both in vitro and in vivo3,8,9,11-14. In contrast, to our 

knowledge, silibinin has only been reported to inhibit hIAPP self-assembly2,7. 

 

‘Colloidal’ : Congo red (CR) (4), a dye commonly used to detect the presence of amyloid 

fibrils, was initially reported to bind to numerous protein aggregates15-17, prevent aggregation 

in vitro18,19 and reduce neurotoxicity in vivo20 21. It has since been reported, however, to 

function via a colloidal mechanism22. This mode of inhibition is likely due to the ability of CR 

to self-assemble into micelle-like species, driven by stacking of its aromatic rings23. 

 

‘Non-specific’ : 1H-benzimidazole-2-sulfonic acid (1H-B-SA) (5), previously not assessed 

against hIAPP, was included in the analysis as it possesses a sulfonic acid moiety and is 

aromatic in nature. Tramiprosate (6) has been used as a negative control for hIAPP 

inhibition in vitro1,24.  

 

‘Negatives’ : The non-steroidal anti-inflammatory (NSAID) compounds aspirin (7) and 

ibuprofen (8), plus benzimidazole (9) and hemin (10), contain charged and/or aromatic 

functional groups which are prevalent in known amyloid inhibitors, but have not previously 

been assessed for their interaction with hIAPP. Aspirin has been reported to inhibit 

fibrillogenesis of Aく40 and Aく4225,26, and ibuprofen to reduce cognitive deficits in vivo27,28 

and also to reduce Aく aggregation in vitro29,30. Benzimidazole was used in the screen 

described here to determine whether the non-specific interaction observed between hIAPP 

and 1H-B-SA results from the presence of a negatively charged sulfonated group interacting 

with the positively charged hIAPP in the gas-phase. Hemin has been reported previously to 

inhibit fibrillogenesis of Aく19,31, however, it has not been assessed for its interactions with 

hIAPP or any effect on self-assembly.  
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No. Compound  Average 
MW (Da) 

1 Fast Green FCF  
ethyl-[4-[[4 -[ethyl-[(3-sulfophenyl) methyl] amino] 
phenyl]-(4-hydroxy-2-sulfophenyl) methylidene]-1-
cyclohexa-2,5-dienylidene]-[(3-sulfophenyl) methyl] 

azanium 
 

765.9 

2 EGCG 
[(2R,3R)-5,7-dihydroxy-2-(3,4,5-trihydroxy-phenyl) 

chroman-3-yl] 3,4,5-trihydroxybenzoate 
 

458.4 

3 Silibinin  
(2R,3R)-3,5,7-trihydroxy-2-[(2R,3R)-3-(4-hydroxy-3-

methoxyphenyl)-2-(hydroxymethyl)-2,3-dihydro-
benzo[b][1,4]dioxin-6-yl]chroman-4-one 

 

482.4 

4 Congo red  
4-amino-3-[4-[4-(1-amino-4-sulfonato-naphthalen-2-
yl)diazenylphenyl]phenyl]diazenyl-naphthalene-1-

sulfonate 
 

652.7 

5 1H-B-SA 
1H-benzimidazole-2-sulfonic acid 

 

198.2 

6 Tramiprosate  
3-Aminopropane-1-sulfonic acid 

 

139.2 

7 Aspirin  
2-acetoxybenzoic acid 

 

180.2 

8 Ibuprofen  
(RS)-2-(4-(2-methylpropyl)phenyl)propanoic acid 

 

206.3 

9 Benzimidazole  
1H-benzimidazole 

 

118.1 

10 Hemin  
chloro[3,7,12,17-tetramethyl-8,13-divinylporphyrin-

2,18-dipropanoato(2−)]iron(III) 
 

651.9 

 
 
Table S1. Molecular masses of small molecules initially screened , confirmed as MH+ 
ions using ESI-IMS. 
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Section 2: Expression and purification of recombinant  hIAPP and  Aく40 

 

hIAPP synthesis and purification  

 

Human IAPP was synthesized on a 0.1 mmol or 0.25 mmol scale using a CEM Liberty 

peptide syntheiszer, and 9-fluorenylmethoxycarbonyl (Fmoc) chemistry. Fmoc protected 

pseudoproline dipeptide derivatives were incorporated to facilitate the synthesis32. 5-(4'-

fmoc-aminomethyl-3', 5-dimethoxyphenol) valeric acid (PAL-PEG) resin was used to 

generate an amidated C-terminus. Double couplings were performed for the first residue 

attached to the resin, pseudoprolines, all β-branched residues and all residues directly 

following a β-branched residue. Peptides were cleaved from the resin through the use of 

standard trifluoroacetic acid (TFA) methods. Crude peptides were dissolved in 20% acetic 

acid (v/v), frozen in liquid nitrogen and lyophilized to increase their solubility. The disulfide 

bond was formed via oxidation by use of DMSO33. Peptides were purified by reverse-phase 

HPLC using a Vydac C18 preparative column (10 mm x 250 mm) with buffer A, consisting of 

100% H2O and 0.045% HCl (v/v) and buffer B, composed of  80% acetonitrile, 20% H2O and 

0.045% HCl. HCl was used as the ion-pairing agent since residual TFA can cause problems 

with cell toxicity assays and can influence the aggregation kinetics of some amyloidogenic 

peptides34. The identity of the pure products was confirmed by mass spectrometry using a 

Bruker MALDI-TOF MS: human IAPP: expected 3903.3 Da, observed 3903.5 Da. Analytical 

HPLC was used to confirm the purity of the peptides before each experiment. This is an 

important control because deamidation alters the aggregation of hIAPP35,36. 
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Aく(M1-40) synthesis and purification  

 

Aく(M1-40) was expressed in BL21 [DE3] pLysS cells (Agilent) from a PetSac vector, kindly 

provided by Dominic Walsh (Brigham & Women's Hospital, Boston, USA) and Sara Linse 

(Lund University, Sweden).  Cells were grown at 37 °C in LB media, containing ampicillin 

(100 µg/mL) and chloramphenicol (25 µg/mL). Expression of Aく(M1-40) was induced by the 

addition of 0.5 mM isopropyl-く-D-thiogalacto-pyranoside at an OD600 of 0.5, followed by a 3 

h incubation at 37 °C. Cells were collected by centrifugation ( Beckman-Coulter JLA 8.1, 

6000 g, 15 min, 4 ˚C) and purified using a modified protocol provided by Walsh et al.37. 

Briefly, cells were disrupted in 10 mM Tris-HCl, 1 mM EDTA, pH 8.5, containing 20 µg/mL 

DNase, 1 mM phenylmethanesulfonyl fluoride and 2 mM benzamidine. The suspension was 

stirred at 4 °C for 1 h before homogenization and sonication (30 s, 4 W). The ex tract was 

then centrifuged (Beckman-Coulter JA 25.5, 20,000 g, 15 min, 4 ˚C). The pellet was 

resuspended in 10 mM Tris-HCl, pH 8.5, containing 8 M urea and sonicated to dissolve the 

inclusion bodies. The suspension was centrifuged again and the supernatant collected, 

diluted 1:4 in 10 mM Tris-HCl buffer and agitated gently with Q Sepharose Fast Flow resin 

(GE Healthcare, Amersham, Bucks, UK.) for 30 min. After washing the resin with buffer 

containing 0 mM NaCl and then 25 mM NaCl, peptide-enriched fractions were eluted with 

125 mM NaCl, dialysed into 50 mM ammonium bicarbonate, pH 8.0 and lyophilized. Semi-

purified Aく(M1-40) was resolubilized in  50 mM Tris-HCl containing 7 M GuHCl, pH 8.5 at a 

concentration of approximately 10 mg/mL and purified by size exclusion chromatography 

(HiLoad Superdex 75 26/60 column, GE Healthcare, Amersham, Bucks, UK) into 50 mM 

ammonium hydrogen carbonate before finally lyophilizing and storing at -20 °C.  
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Figure S1: hIAPP monomer drift times in the absence or  presence of FG  

 

 

 

 

Figure S1. Comparisons of hIAPP monomer drift times in the absence (black) or presence 
(green) of excess FG. (a) Arrival time distribution (ATD) of the hIAPP 3+ monomer ions 
displays one distinct conformer (drift time = ~5.8 ms) and a small component of a more 
extended conformation (drift time = ~7.0 ms) in the absence and presence of FG; (b) Arrival 
time distribution (ATD) of the hIAPP 2+ monomer ions displays two distinct conformers in the 
absence of FG (drift times = ~7.1 and ~9.6 ms). In the presence of FG, the hIAPP 2+ 
monomer displays three distinct conformers (drift times = ~5.3, ~6.3 and ~9.6 ms); (c) ESI-
IMS-MS Driftscope plots of monomeric conformers observed for hIAPP alone; and (d) when 
FG is present at a 10-fold molar excess over hIAPP. Monomer peaks are enclosed by white 
boxes. Circles represent number of FG molecules bound to each species. 
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Figure S2: Ionic strength -dependence of ligand binding to hIAPP  

 

Figure S2. Positive ion ESI mass spectra showing (a) FG; (b) EGCG; and (c) 1H-B-SA 
added at a 1:1 molar ratio to hIAPP (32 µM) in 10 mM (a. i, b. i, c. i) or 100 mM (a. ii, b. ii, c. 
ii) ammonium acetate buffer, pH 6.8. Ligand bound peptide peaks are highlighted in green 
(FG), pink (EGCG) and blue (1H-B-SA). 
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Figure S 3: ESI-MS spectrum of hIAPP with  tramiprosate  

 

 

 

 
Figure S 3. ESI-MS spectrum of hIAPP (32 µM) in the presence of tramiprosate (320 µM). 
Protein-ligand bound peaks are colored pink. Inset shows negative stain TEM image of fibrils 
formed by hIAPP when incubated with a 10:1 molar ratio of tramiprosate:hIAPP for 5 days 
(25 °C, quiescent ) (scale bar = 500 nm). 
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Figure S4: ESI -MS spectrum of Congo red alone  

 

 

 
 
Figure S4.  ESI-MS spectrum of 320 µM Congo red (200 mM ammonium acetate, pH 6.8), 
showing self-aggregation (5- to 11-mers). 
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Figure S 5: Molecules that do not inhibit hIAPP aggregation  

 

 

 

Figure S 5. Lack of inhibition of hIAPP amyloid assembly by (a) aspirin; (b) ibuprofen; (c) 
benzimidazole; and (d) hemin. Positive ion ESI mass spectra showing no observed binding 
when each small molecule is added at 320 µM to hIAPP peptide (32 µM). Insets: negative 
stain TEM images of hIAPP incubated with 10:1 molar ratios of small molecule:hIAPP for 5 
days (25 °C, quiescent) (scale bar = 100 nm).  
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Figure S 6: LogP values of the ten compounds selected for initial analysis  

 

 

 

Figure S 6. LogP values (the log of the hydrophobic/aqueous partition coefficient) were 
calculated for the ten small molecules (Table S1) using www.molinspiration.com software, 
which determines the hydrophobic parameters of the substituents. Molecules with high LogP 
values have high hydrophobicity. Colors denote inhibitor classification: positive (pink), 
colloidal (orange), non-specific (green) and negative (gray). 
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Figure S7: Collision induced dissociation (CID) of ligand bound to hIAPP  

 

 

 

 

Figure S7.  Differences between peptide-ligand complex stabilities in the gas-phase 
measured using Collision Induced Dissociation (CID). CID MS/MS of FG-hIAPP (green), 
EGCG-hIAPP (pink) and 1H-Benz-hIAPP (blue) complexes (32 µM peptide, 320 µM ligand, 
200 mM ammonium acetate buffer, pH 6.8). Relative intensity of the 2+ monomer ions 
bound to ligand is plotted versus increasing ion-accelerating voltage into the trap collision 
cell. 
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Figure S8: ESI -IMS-MS ATDs of hIAPP in the absence and presence of inhibitors  

 

 

 

Figure S8.  ATDs of hIAPP in the absence or presence of inhibitors. Comparisons of whole 
spectra arrival time distributions (ATDs) of hIAPP in the absence (grey) or presence of a 10-
fold molar excess of FG (green), CR (red) or 1H-B-SA (blue).  
  

14 

 



Figure S9:  ESI-MS and ESI-IMS-MS of hIAPP with mixtures of small molecules  (1) 

 

 

 

 
 
Figure S 9. Positive ion ESI mass spectra and corresponding ESI-IMS-MS Driftscope plots 
showing hIAPP peptide (32 µM) with mixtures of (a) FG (160 µM) and CR (160 µM); and (b) 
FG (160 µM), aspirin (160 µM), ibuprofen (160 µM), benzimidazole (160 µM) and hemin (160 
µM). FG bound monomer peaks denoted with yellow (13+ bound) or green (12+ bound) circles 
and a white circle when dimer bound. Number of circles represents number of ligands 
bound. ESI-IMS-MS Driftscope plots are shown to the right of the corresponding spectra. 
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Figure S10: ESI-MS and ESI-IMS-MS of hIAPP with mixtures of small molecules  (2) 

 

 

 

 
Figure S10.  Positive ion ESI mass spectra and IMS-MS Driftscope plots showing hIAPP 
peptide (32 µM) in solution with mixtures of compounds. (a) hIAPP with Fast Green FCF 
(FG) (160 µM) and 1H-benzimidazole-2-sulfonic acid (1H-B-SA) (160 µM), FG bound 
monomer peaks denoted with green circles and a white circle when dimer bound, 1H-B-SA 
bound monomer peaks denoted with blue circles; (b) hIAPP with Fast Green FCF (160 µM) 
and EGCG (160 µM). FG bound monomer peaks denoted with green circles. EGCG bound 
peaks are denoted with purple circles. Number of circles represents number of ligands 
bound. 
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Table S2: Focused high throughput screen (HTS) results . Molecule number 26 inhibits 
hIAPP aggregation by specific binding (red peaks); compounds 13, 25, 27 exhibit non-
specific binding (green peaks). TEMs are shown only for compounds in which binding is 
observed (scale bar in nm is indicated at the foot of each TEM image). 
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Table S2 continued.  
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Table S2 continued.  
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Figure S11: LogP values of the 20 compounds identified from the focused screen  and 

10 other small molecules  

 

 

 
Figure S1 1. LogP values (the log of the hydrophobic/aqueous partition coefficient) were 
calculated for the 20 small molecules identified from the focused screen (compounds 11-30) 
using www.molinspiration.com software, which determines the hydrophobic parameters of 
the substituents, plus 10 other small molecules reported to inhibit amyloid formation by other 
polypeptide sequences (compounds 31-40). Molecules with high LogP values have high 
hydrophobicity. Colors denote inhibitor classification: positive (pink), non-specific (green) and 
negative (gray). 
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Figure S12:  ROCS-derived overlay of molecule  number 26 with 

chloronaphthoquinine –tryptophan  

 

 

 
Figure S12. (a) Chemical structure of chloronaphthoquinine–tryptophan; (b) chemical 
structure of molecule number 26; (c) ROCS-derived overlay of chloronaphthoquinine–
tryptophan (green sticks) and molecule number 26 (cyan sticks). 
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Figure S13 : ESI-IMS-MS analysis of ‘hit’ compound number 26 

 

 

Figure S13. Inhibition of hIAPP fibril formation by compound 26. (a) Positive ion ESI mass 
spectrum showing binding of compound 26 (6-{[4-(2-fluorophenyl)-1-piperazinyl]carbonyl}-3-
methyl-5H-[1,3]thiazolo[3,2-a]pyrimidin-5-one) (added at 320 たM to 32 たM peptide) to both 
the +2 and +3 charge state ions of hIAPP monomer (bound peaks coloured red). The 
structure of compound 26 and negative stain TEM images of hIAPP incubated with 10:1 
molar ratios of molecule:hIAPP for 5 days (25 °C, quiescent)  are inset; (b) ESI-IMS-MS 
Driftscope plot shows hIAPP species detected in the presence a 10:1 molar ratio of 
compound 26:peptide monomer at t = 2 min. Bound monomer peaks are denoted with a 
white circle. 
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Figure S14.  Proof of principle 96 -well  plate automated semi -HTS 

       
Figure S1 4. Proof of principle 96-well plate automated semi-HTS by ESI-MS. (a) 10 µL 
samples containing aqueous CsI (A/E 1-12) for calibration, hIAPP (B1-12), hIAPP:FG (C1-
12) hIAPP:CR (D1-12), Aく40 (F1-12), FG alone (G1-12),  and CR alone (H1-12) were 
prepared in 96-well plates. Peptide samples (32 たM) were dissolved in 200 mM ammonium 
acetate (pH 6.8) in the absence or presence of 320 たM small molecule; (b) samples were 
infused into the mass spectrometer via a Triversa NanoMate automated nano-ESI interface; 
(c) spectra resulting from the first and twelfth well of each row of the 96-well plate (annotated 
A1, A12, respectively) demonstrate the reproducibility of the assay.  
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