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Experimental Section 

Sample preparation for mass spectrometry (MS).  Wild-type hIAPP 

(Eurogentec Ltd., England) and the synthetic mutant hIAPP with iso-aspartic acid 

residue replacement at Asn-21, Asn-22, and Asn-35 ((isoD)3hIAPP; Pepscan Company 

Ltd, The Netherlands) were dissolved in Milli Q H2O (Direct-Q® 3 UV System, 

Millipore Corporation, US) with pH ~7.5 to 500 µM for storage (at -80oC) and samples 

were consumed within 2 weeks.  (-)-epigallocatechin gallate (EGCG) were purchased 

from Sigma Aldrich Company Ltd, England and dissolved in Milli-Q H2O to 500 µM 

for storage (at -80oC).  Recombinant human insulin (hINS) (Sigma Aldrich Company 

Ltd, England) was dissolved in acidified Milli-Q H2O (~pH 5.8) to 500 µM for storage 

(at -80oC), as performed by Susa et al.1   

For the MS spectra of hIAPP with potential inhibitors, 50 µM solutions of hIAPP 

and (isoD)3hIAPP were initially mixed with 50 µM solutions of EGCG or hINS in Milli-

Q H2O separately.  The mixed solutions were then vortexed for half an hour at room 

temperature before further dilution by 5-fold with Milli-Q H2O into 10 µM solutions. 

The pH value of all solutions were measured using a pH meter (Hanna; UK), the values 

were between pH 6.8 – pH 7.5.  The solutions were then centrifuged at 14,000 rpm 

using a technico Maxi microcentrifuge (ThermoFisher; UK) for 5 minutes before MS 

analysis. 

For MS relative quantification, 10 µM solutions of wild-type hIAPP and mutant 

(isoD)3hIAPP were mixed with 10 µM solutions of EGCG or hINS in Milli-Q H2O 

individually.  A 200 µL aliquot was extracted from each solution and stored in -80oC 

while the remaining 300 µL solution was incubated at 37oC for 7 days.  After 7 days, 

solutions stored at -80oC (regarded as fresh solutions) and solutions incubated at 37oC 

were centrifuged at 14,000 rpm for 1 hour to separate the soluble wild-type hIAPP and 

mutant (isoD)3hIAPP from the insoluble aggregates (precipitate) in the solutions.  

Supernatant solutions were further diluted 10-fold with 49.5:49.5:1 

H2O/acetonitrile/formic acid and centrifuged at 14,000 rpm for 5 minutes prior to MS 

analysis. 

Fourier transform ion cyclotron resonance mass spectrometry (FTICR MS) 

analysis.  MS spectra of the early oligomers of the amyloid proteins with or without 

potential inhibitors were acquired using nano-electrospray ionisation (nESI) FTICR 

MS with a capillary voltage of 0.8 – 1.3 kV and a source temperature of 80oC.  The 

nESI glass capillaries (World Precision Instruments, England) were pulled on a Sutter 

P-97 capillary puller instrument (One Digital Drive Novato, USA).  Samples were

loaded onto the glass capillaries and inserted with nickel chromium wire (Jacobs, USA)

to ground the electric potential for ionisation.
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For the MS relative quantification spectra of soluble amyloid proteins, an Apollo 

II electrospray ionisation (ESI) source MS (Bruker Daltonics ,Bremen, Gremany) with 

a capillary voltage of 4 – 5 kV was applied and the source temperature was set to 200oC.  

The ESI flow rate was optimised to 100 – 150 µL/h.  5 MS spectra were acquired for 

each solutions as technical replicates and standard deviation for each solutions was 

calculated.   

All mass spectra were acquired on a 12 tesla solariX FTICR MS (Bruker Daltonics, 

Bremen, Germany) in positive ionisation mode.  Sample ions were first accumulated 

from 0.1 – 1 seconds in the hexapole collision cell before being directed to an infinity 

ICR cell for excitation and detection.2  All mass spectra were acquired with 4 mega 

point (22-bit) transients and were analysed using Bruker DataAnalysis 4.2 software MS 

(Bruker Daltonics, Bremen, Germany).  

FTICR MS/MS analysis.  For the collisionally activated dissociation tandem 

MS (CAD MS/MS) experiments, precursor ions were isolated using a quadrupole mass 

filter, collided with argon gas and accumulated for 1 – 3 seconds in the hexapole 

collision cell.  The collision energies were varied from 0 – 12 V in order to generate 

the breakdown curves for the precursor ions which were composed of the amyloid 

protein with the bound molecule of interest.  Fragments were then directed to the ICR 

cell for detection.  5 spectra were acquired for each collision energy level as technical 

replicates and standard deviation for each solutions was calculated. 

For electron capture dissociation tandem MS (ECD MS/MS) experiments, 

precursor ions were first isolated with a wide mass-to-charge (m/z) isolation window 

(100 m/z) in the quadrupole and accumulated for 1-5 seconds in the collision cell.  Ions 

were further transferred to the ICR cell and isolated with MULTI-CHEF isolation with 

an excitation power of 50 – 55%.3  The precursor ions were then irradiated with 1.2 

eV electrons from a 1.5 A heated hollow cathode and the fragments were detected by 

the ICR cell.   

MS data analysis.  All MS data were analysed using Bruker DataAnalysis 4.2 

software MS (Bruker Daltonics, Bremen, Germany).  The most intense isotopic peak 

from each fragment with signal-to-noise ratio (S/N) over 5 was manually matched with 

the assigned species.  5 fragments from each spectrum were chosen for the internal 

calibration of the spectrum and all fragments were then assigned with an uncertainty of 

0.1 – 0.5 parts-per-million (ppm) (Table S1- S4†).  

 To study the binding strength between wild-type hIAPP and the potential inhibitors, 

the dissociation curves of each complex precursor ion, which composed of hIAPP and 

the binding molecule, were plotted.  The areas of all the isotopic peaks from each 
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charge state of hIAPP, the complexes, and the potential inhibitors (if present) were 

measured using the Bruker DataAnalysis 4.2 software.  The relative percentage of the 

complex was calculated as follow: 

Complex	ሺ%ሻ ൌ 	
ݔ݈݁݌݉݋ܿ	݄݁ݐ	݂݋	ݏܽ݁ݎܽ	݇ܽ݁݌	ܿ݅݌݋ݐ݋ݏܫ

ܲܲܣܫ݄	݂݋	ݏܽ݁ݎܽ	݇ܽ݁݌	ܿ݅݌݋ݐ݋ݏ݅	݈ܽݐ݋ܶ ൅ ݔ݈݁݌݉݋ܿ ൅ ݈݁ݑ݈ܿ݁݋݉	ܾ݃݊݅݀݊݅

The dissociation curves for the complexes of hIAPP with different potential inhibitors 

were obtained by plotting the relative percentage of each complex calculated above 

against the applied CAD energies.  The same calculation method was used to obtain 

the dissociation curves of the mutant (isoD)3hIAPP with various potential inhibitors. 

To study the long-term inhibition performance of each binding molecule against 

hIAPP aggregation, the MS spectra of the incubated wild-type hIAPP solutions (with/ 

without inducing the potential inhibitor) were compared to their corresponding fresh 

MS spectra which were obtained using the solutions stored at -80oC.  The absolute 

peak areas of the fresh and incubated solutions were first tested against a 2-tailed T-test 

to differentiate whether the peak areas between the fresh and incubated solutions were 

significant.  The hypothesis applied in the 2-tailed T-test assumed there was no 

significant different between the fresh and incubated solutions, thus a p-value that was 

less than 0.05 (95% confidence) meant the two solutions were significantly different 

and vice versa.  The percentage change of soluble hIAPP was then calculated as 

follows after the 2-tailed T-test: 

%	change ൌ 	
ሺ݇ܽ݁݌	ܽ݁ݎܽ	݂݋	݀݁ݐܾܽݑܿ݊݅	݊݋݅ݐݑ݈݋ݏ െ ሻ݊݋݅ݐݑ݈݋ݏ	݄ݏ݁ݎ݂	݂݋	ܽ݁ݎܽ	݇ܽ݁݌

݊݋݅ݐݑ݈݋ݏ	݄ݏ݁ݎ݂	݂݋	ܽ݁ݎܽ	݇ܽ݁݌
 %100	ݔ	

The same calculation method was applied to obtain the percentage change of the mutant 

(isoD)3hIAPP experiments. 

Transmission electron microscopy (TEM).  TEM images of the incubated 

solutions, including the 10 µM solutions of the wild-type hIAPP and the mutant 

(isoD)3hIAPP individually mixed with the 10 µM solutions of EGCG and hINS were 

acquired on a Jeol 2010F TEM which operated at 200 kV.  5 µL of the incubated 

solution was added onto a carbon coated grid (EM Resolutions, England) and settled 

for 1 minute, followed by using a filter paper to remove the excess aqueous solution. 

A 2% (w/v) uranyl acetate solution was then added onto the carbon grid and settled for 

1 minute before removal by a filter paper.  Multiple TEM images were acquired with 

magnification from x10,000 to x50,000.  The contrast of the TEM images were auto-

corrected by IrfanView 64 software (Irfan, Austria).  

Thioflavin T (ThT) fluorescence reactivity.  Fluorescence absorbance of the 50 

µM solutions of the wild-type hIAPP and the mutant (isoD)3hIAPP with various 
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potential inhibitors were measured using a GloMax®-Multi Detection System (Promega, 

USA) at room temperature.  All samples were placed in a black 96 well-plate and 

mixed with a 100 µM ThT solution.  Fluorescence absorbance for the 96 well-plate 

was measured every 45 minutes for 73 hours (99 sampled points) with excitation at 405 

nm and emission measurement at 490 nm.4, 5  The fluorescence absorbance were 

normalised to 1 using the maximum and the minimum readings.  The lag phase of each 

sample was then calculated according to the previous studies.6, 7 

The corrected ThT fluorescence absorbance of the wild-type hIAPP and the mutant 

(isoD)3hIAPP solutions were obtained by using the absolute fluorescence absorbance 

obtained from the amyloid protein solutions minus the absolute fluorescence 

absorbance of the 100 µM ThT solution.  The corrected ThT fluorescence absorbance 

of the mixtures of wild-type hIAPP/ mutant (isoD)3hIAPP with various potential 

inhibitors were calculated using the absolute fluorescence absorbance obtained from 

the mixtures minus the absolute fluorescence absorbance of the corresponding potential 

inhibitor. 
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Fig S1.  The representative CAD MS/MS spectra of (A) the 7+ charge state molecule 

ion of the hIAPP monomer unit with an intact hINS molecule and (B) the 4+ charge 

state molecular ion of the hIAPP monomer unit with an attachment of EGCG molecule. 
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Fig S2.  CAD MS/MS dissociation curves of (A) hIAPP/(isoD)3hIAPP with hINS and 

(B) hIAPP/(isoD)3hIAPP with EGCG.  The 1:1 complex composed of an

hIAPP/(isoD)3hIAPP and either a hINS or EGCG molecule inhibitor molecule was

isolated and fragmented using increasing dissociation energies in a set of CAD MS/MS

experiments until the complex was fully dissociated (Fig. S1).  It was shown that hINS

bound more strongly to hIAPP than the (isoD)3hIAPP, with a higher percentage of the

intact 7+ heterodimer complex being observed at each energy level for the hIAPP.  In

contrast, the non-specific inhibitor EGCG bound more strongly to the (isoD)3hIAPP

species rather than the hIAPP species, with a lower percentage of the intact 4+ complex

being observed at each energy level for the hIAPP.  The dissociation results obtained

in the complexes of the polypeptides with hINS/EGCG show the gas phase stabilities

of the complexes involve fragile, non-covalent interactions, and are significantly altered

by the deamidation in the polypeptides, suggesting deamidation may affect the

interaction mechanism between hIAPP and its potential inhibitors.



8 

Fig S3.  ECD spectrum of the 7+ charge state heterodimer (a hIAPP plus a hINS 

biomolecules).  The assigned fragments are listed in the supporting information Table 

S1.  
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Fig S4.  The summarised fragmentation map of the 7+ charge state heterodimer (a 

hIAPP plus a hINS biomolecules).  The highlighted area (coloured in purple) indicates 

the proposed interaction region between the monomer unit of hIAPP and a hINS 

biomolecule. 
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Fig S5.  ECD spectrum of the 7+ charge state heterodimer (an (isoD)3hIAPP plus a 

hINS biomolecules).  The assigned fragments are listed in the supporting information 

Table S2.  
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Fig S6.  The summarised fragmentation map of the 7+ charge state heterodimer (an 

(isoD)3hIAPP plus a hINS biomolecules). The highlighted area (coloured in purple) 

indicates the proposed interaction region between the monomer unit of (isoD)3hIAPP 

and a hINS biomolecule. 
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Fig S7.  (A) The summarized ECD fragments of the 4+ charge state molecular ion of 

hIAPP monomer unit and an EGCG molecule.  The highlighted area (coloured in 

yellow) indicates the proposed interaction region between the monomer unit of hIAPP 

and an EGCG molecule.  (B) The ECD MS/MS spectrum of the 4+ charge state 

molecular ion of hIAPP monomer unit and an EGCG molecule.  The assigned 

fragments are listed in the supporting information Table S3.  
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Fig S8.  (A) The summarized ECD fragments of the 4+ charge state molecular ion of 

the mutant (isoD)3hIAPP monomer unit and an EGCG molecule.  The highlighted area 

(coloured in yellow) indicates the proposed interaction region between the monomer 

unit of the mutant (isoD)3hIAPP and an EGCG molecule.  (B) The ECD MS/MS 

spectrum of the 4+ charge state molecular ion of the mutant (isoD)3hIAPP monomer 

unit and an EGCG molecule.  The assigned fragments are listed in the supporting 

information Table S4. 
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Fig S9.  The fluorescence emission value of 50 µM (A) hIAPP and the equimolar 

potential inhibitors, (B) (isoD)3hIAPP and the equimolar potential inhibitors, as well as 

(C) ThT solution and 50 µM potential inhibitors only.
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Fig S10.  (A) The MS spectrum of the 10 µM aqueous solution of EGCG only.  The 

EGCG solution was diluted to 50 µM and vortexed for half an hour, then the solution 

was further diluted to 10 µM and centrifuged at 14,000 rpm before MS analysis.  Early 

oligomers, from monomer to hexamer, of EGCG were observed in the MS spectrum 

which indicates EGCG can rapidly aggregate in an aqueous solution.  The TEM 

images of 1 week incubated solutions of (B) 10 µM EGCG solution only and (C) 500 

µM EGCG solution only.  Circular spots are observed in the TEM images with the 

addition of EGCG solution, the average diameter of the circular spots in the 10 µM 

EGCG solution is 9 nm and the average diameter of the spots in the 500 µM EGCG 

solution is 12 nm.  The TEM images here demonstrate EGCG aggregates in the 

aqueous solution.   
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Table S1.  ECD MS/MS fragments of the 7+ charge state heterodimer (a hIAPP plus a hINS biomolecules). 
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Table S2.  ECD MS/MS fragments of the 7+ charge state heterodimer (an (isoD)3hIAPP plus a 

hINS biomolecules). 
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Table S3.  ECD MS/MS fragments of the 4+ charge state molecular ion (a hIAPP plus a EGCG molecules). 
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Table S4.  ECD MS/MS fragments of the 4+ charge state molecular ion (an (isoD)3hIAPP plus a EGCG 

molecules). 
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