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Supporting description 

EXTENDED MATERIALS AND METHODS 

Detailed sample preparation for kinetics 

experiments 

For kinetics experiments, the lyophilized Aβ40 and 

Aβ42 peptides were dissolved in 6 M Guanidium 

hydrochloric acid pH 7.2 and prepared with size 

exclusion chromatography (SEC) using a Superdex 

75 10/300 GL column from GE Healthcare to remove 

pre-formed aggregates. 2 mg ml-1 Aβ40 or Aβ42 was 

injected to the equilibrated SEC column and eluted 

with a flow rate of 0.5 ml min-1 in 10 mM MOPS 

buffer pH 7.2 at room temperature. The monomer 

peak was collected and the peptide concentration was 

determined by absorbance at 280 nm with an 

extinction coefficient of 1490 M-1 cm-1. All samples 

were kept on ice. 

pFTAA and ThT fibrillization kinetics using 

fluorescence spectroscopy 

Control experiments using different concentrations 

(0-10 µM) of pentameric formyl thiophene acetic acid 

(pFTAA) in the absence and presence of 8 µM Aβ42 

peptides in 10 mM MOPS buffer pH 7.8 were 

performed. Eight replicates per conditions were 

measured. Excitation and emission filters were 485 

nm and 520 nm, respectively. 

The chosen concentrations of Thioflavin T (ThT) 

were motivated by prior studies for optimal 

fluorescence detection(1, 2). pFTAA has not been 

studied to the same extent as ThT, but relative lower 

concentrations than for ThT have been used in earlier 

studies(3) and higher concentrations have been 

reported to influence the properties of fibril 

toxicity(4). The pFTAA concentration of 0.3 μM was 

sufficiently high to report on amyloid formation 

without disturbing the system. 

Sigmoidal curve fitting of aggregation traces was 

performed using Eq.S1 (5), where the aggregation 

halftime, τ½, and the maximum growth rate, rmax, can 

be determined.  

  

𝐅(𝐭) = 𝐅𝟎 +
𝐀

𝟏+𝐞𝐱𝐩⁡[𝐫𝐦𝐚𝐱(𝛕½−𝐭)]
                    (Eq. S1) 

   where F0 is the fluorescence signal intensity 

baseline and A is the fluorescence intensity 

amplitude.  

 

Solid-state AFM imaging  

Samples from the end of a fibrillization kinetic 

experiment were used for atomic force microscopy 

(AFM) imaging. The samples were diluted twice in 

Milli-Q water and put on freshly cleaved mica 

surfaces for 20 min incubation. Thereafter the mica 

surfaces were washed three times with Milli-Q water. 

The AFM imaging was performed on a Scan Asyst 

from Bruker Corporation operating in tapping mode 

in air, recording 5 x 5 μm topographical images at a 

resolution of 512-512 pixels. 

Circular dichroism spectroscopy 

We conducted CD measurements on a Chirascan 

CD spectrometer (Applied Photophysics). The 

peptide secondary structures were studied by 

recording CD spectra under quiescent conditions at 

room temperature in the spectral range of 190-260 nm 

with a bandwidth of 1 nm, resolution/step size of 1 

nm, and a time-per-point of 2 s. The background 

signal of water was subtracted, and the data was 

presented as mean residue molar ellipticity. The data 

was processed with a smoothing function of ten 

points.  

A quartz cuvette with a 4 mm pathlength was used 

for 10 µM monomeric Aβ40 in 20 mM sodium 

phosphate buffer pH 7.4 for a titration series of Ag(I) 

ions (1, 2, 3, 5, 10, 20, 50, 100, 500, 1000 µM). The 

titration was repeated two times. Sodium phosphate 

buffer was used since its absorption is suitable for 

recording the CD spectra in the chosen range.  

Aβ40 samples supplemented with pFTAA or ThT 

were taken from the end of the fibrillization kinetic 

experiments (initially 20 µM monomeric Aβ40 

peptides in 10 mM MOPS buffer pH 7.2). Wells 

within the same condition were pooled together and 

transferred to a 1 mm pathlength cuvette. A spectral 

range of 205-255 nm is shown for the samples 

because of the MOPS buffer absorption properties in 

the lower region of the spectral range.  

Dissociation constant determination for Ag(I) 

binding by intrinsic Tyr10 fluorescence quenching 

    Ag(I) ions decrease the Tyr10 fluorescence 

intensity and this phenomenon was used for a direct 

determination of the dissociation constant. The 

mechanism behind the decrease of Tyr10 

fluorescence intensity upon Ag(I) ion titration is not 

yet understood in detail, but structural rearrangements 

upon Ag(I)-binding or water replacement might 

contribute to the fluorescence intensity reduction. 

Notably, the dissociation constants are very similar to 

the values obtained by NMR (Table S2). 

     For Tyr10 fluorescence experiments of 10 µM 

Aβ40, a Jobin Yvon Horiba Fluorolog 3 was used with 

an excitation wavelength of 276 nm to record 

emission fluorescence spectra in the range of 290-350 

nm at room temperature. The relative intensity was 

plotted and fitted to Eq. 4 (6) in the main manuscript. 

No buffer corrections were made. 

Two-state reaction model 

A two-state model was applied to describe the 

Ag(I) binding and folding event: 
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Aβ+Ag+  ⇌   Aβ:Ag+⁡ 

where the Ag(I) binding is defined by the 

dissociation constant (Table S2). The Gibbs free 

energy and equilibrium constant of this reaction are 

given by Eq. S2 and S3. 

𝐊𝐞𝐪
𝐔→𝐅 = 𝐩𝐁/𝐩𝐟𝐫𝐞𝐞 ⁡= 𝐩𝐁/(𝟏 − 𝐩𝐁)           (Eq. S2) 

𝜟𝐆𝐔→𝐅(𝐓) = ⁡−𝐑𝐓 𝐥𝐧𝐊𝐞𝐪
𝐔→𝐅                    (Eq. S3) 

where pfree refers to the population of the unbound 

state and pB to the bound/‘folded‘ state.  

The linear dependence of the Gibbs free energy 

data obtained from Eq. S2 and S3 are explicitly 

described by Eq. S4. 

𝚫𝐆(𝐓) = ⁡𝚫𝐇𝟎 − 𝐓𝚫𝐒𝟎                       (Eq. S4) 

To described the non-linear dependence a further 

parameter needs to be introduced, namely a heat 

capacity (CP) (Eq. S5)(7) describing the temperature 

dependence of enthalpy (Eq. S6).  

𝚫𝐂𝐏 = (
𝛅𝐇

𝛅𝐓
)
𝐏
                                  (Eq. S5) 

⁡⁡⁡⁡𝚫𝐆(𝐓) = 𝚫𝐇𝐓𝐦 − 𝐓𝚫𝐒𝐓𝐦 + 𝚫𝐂𝐏(𝐓 − 𝐓𝐦) −

⁡⁡⁡⁡𝐓𝚫𝐂𝐏𝐥𝐧⁡ (
𝐓

𝐓𝐦
)                    (Eq. S6) 

ΔH(T) and ΔS(T) was determined according to Eq. 

S7 and S8 with a reference temperature of Tm.  

𝚫𝐇(𝐓) = 𝚫𝐇(𝐓𝐦) + 𝚫𝐂𝐏(𝐓 − 𝐓𝐦)          (Eq. S7) 

𝚫𝐒(𝐓) = 𝚫𝐒(𝐓𝐦) + 𝚫𝐂𝐏𝐥𝐧(𝐓/𝐓𝐦)⁡          (Eq. S8) 

Here, 𝐓𝐦 = 𝚫𝐇𝟎/𝚫𝐒𝟎 was determined from a 

linear fit of the three highest temperatures (281-287 

K).  

FIBRILLIZATION KINETICS MONITORED 

BY pFTAA 

We incubated 20 μM Aβ40 and 5 μM Aβ42 at +37 

°C under quiescent conditions in the presence of 

different Ag(I) concentrations and samples 

supplemented with pFTAA and ThT were measured 

simultaneously for comparison (Fig. S1C-F). In the 

presence of pFTAA we observed the typically 

sigmoidal aggregation kinetic traces of Aβ40 and 

Aβ42(8, 9), while the aggregation behavior reported 

by ThT is less conclusive and exhibits a great increase 

in fluorescence signal at high Ag(I) concentrations for 

Aβ40 of about two-fold (Fig. S1D,F). To investigate 

whether the increase in ThT fluorescence intensity 

may correspond to higher amounts of amyloid 

material, we performed CD spectra of the samples 

after the fibrillization experiments, supplemented 

with either pFTAA or ThT (Fig. S1G,H). All samples 

showed β-structures with similar intensities, 

regardless of the amyloid-detecting probe or Ag(I) 

ion concentration, indicating the same amount and 

structural state of the aggregated material in the 

presence of pFTAA and ThT. The increase in 

fluorescence intensity should thus originate from 

interaction of ThT and Ag(I) ions at high 

concentrations. Indeed, in literature silver ions have 

been reported to interact and affect the properties of 

ThT molecules, e.g. Ag(I) ions and silver 

nanoparticles have been shown to increase the ThT 

fluorescence yield(10, 11) and due to this property 

ThT can be used to detect Ag(I) ions in water(12). 

This process hence makes ThT unsuitable as a 

monitoring dye for protein fibrillization experiments 

in the presence of high Ag(I) concentrations. While 

the use of ThT is well established in protein kinetics 

assays(9, 13), we tested whether the presence of 

pFTAA interferes with the fibrillization process (Fig. 

S2). We recorded aggregation kinetic traces of 8 μM 

Aβ42 in the presence of different concentrations of 

pFTAA and found that the final fluorescence intensity 

increases linearly with increasing pFTAA 

concentration (Fig. S2B). The aggregation kinetics 

are however only slightly affected and the effect of 

pFTAA is small compared to the variability of the 

replicates and particularly to the effect of Ag(I) (Fig. 

S2). We hence conclude that pFTAA is a suitable 

agent to monitor Aβ aggregation kinetics in the 

presence of Ag(I) and used it in all aggregation 

kinetics experiments described here.  

INTERACTION STUDIES USING CD 

     Interactions of Aβ40 and Ag(I) were also 

investigated using circular dichroism (CD) where 

Ag(I) was titrated onto a monomeric 10 µM Aβ40 

sample (Fig. S11B). The CD spectrum without Ag(I) 

showed a predominantly unstructured state(14, 15) 

and upon addition of low to equimolar Ag(I) 

concentrations the spectra remained basically 

unchanged. These results indicate thus that the 

secondary structure content of Aβ40 is not 

significantly altered upon binding of Ag(I), which is 

in line with the small chemical shift changes observed 

by NMR.  

THERMODYNAMICS OF THE Ag(I)-BINDING 

REACTION 

    The pB parameter is temperature dependent and 

related to the Gibbs free energy difference, 𝛥𝐺𝑈→𝐹 

between the free monomer (unfolded state) and the 

bound/‘folded‘ state via the equilibrium constant. 

Here, we apply a two-state model. The equilibrium 

constant between the ‘folded‘/bound and the free 

state, 𝐾𝑒𝑞
𝑈→𝐹 then determines the Gibbs free energy 

difference by 𝛥𝐺𝑈→𝐹(𝑇), which is displayed in Fig. 

3H and listed in Table S4. Interestingly, when 

considering the full temperature range the values of 

𝛥𝐺𝑈→𝐹(𝑇) revealed a non-linear behavior, which 

translates to non-negligible temperature dependences 

of the enthalpy, ΔH, and entropy, ΔS, differences. For 

higher temperatures (281-287 K), the values exhibit a 

good linear dependence, delivering the temperature-

independent ΔH° and ΔS° (Table S6). Both the 

enthalpy and the entropy difference have negative 
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values, indicating a favorable Ag(I)-induced folding 

favorable in terms of enthalpy but disfavored in terms 

of entropy.  

The non-linear temperature dependence of 

𝛥𝐺𝑈→𝐹(𝑇) can generally be described introducing a 

heat capacity difference, ΔCP, between the folded and 

unfolded state. Applying this dependence, the change 

in heat capacity change ΔCP was determined to -8.8 

kJ mol-1 K-1, which is in the same range as previous 

results with Aβ40 and Zn(II) ions(2) (Table S7). Loss 

of coordinated water molecules around the peptide 

can cause negative ΔCP values and this may be the 

origin of the observed behavior. The observed 

temperature dependence can be described as cold 

denaturation of the protein folding reaction, which 

implies that the bound/‘folded‘ state is never the 

major state and the ‘folded‘ state thus is only 

marginally stable.  

TRANSIENT BINDING OF Ag(I) TO 

MONOMERIC Aβ STABILIZED BY SDS 

MICELLES 

To test whether monomeric Aβ binds Ag(I), we 

performed experiments in the presence of SDS 

micelles. The amphiphilic Aβ peptide readily 

interacts with hydrophobic surfaces, surfactants and 

lipid membranes(16, 17). Aβ peptides adopt different 

secondary structures in the presence of different SDS 

concentrations(18, 19). While sub-micellar 

concentrations promote β-structure formation, SDS 

micelles bind and stabilize monomeric Aβ, where the 

N-terminal part of the peptide is located outside the 

micelle. In the two hydrophobic patches α-helical 

structure is induced, which are bound to the 

hydrophobic parts of the micelle(20). This system 

thus facilitates study of metal ion binding to the 

solvent-accessible N-terminus, while the SDS 

micelles constrain the peptide in a monomeric 

conformation. We followed the effect of 1:5 

Ag(I):Aβ40 on 170 µM Aβ40 in SDS micelles with 1H-
15N-HSQC experiments and found that similar 

ligands in the SDS-bound Aβ peptide as in buffer 

solution are involved in coordinating the Ag(I) ion 

(Fig. S10A-C). Measurement of relaxation dispersion 

of this system revealed that three residues display 

strong relaxation dispersion profiles in the presence 

of SDS micelles at 298 K (Figs. S10D and S15). 

These three residues also show high relaxation 

dispersion amplitude without SDS micelles, yet the 

amount of data is not sufficient to perform a global fit 

analysis. These results hence support that indeed the 

N-terminus of monomeric Aβ40 binds Ag(I). 
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Figure S1. Comparison pFTAA and ThT as amyloid-reporting dyes for Aβ40 and Aβ42 fibrillization 

kinetics in the presence of Ag(I) ions. Molecular structures for pentameric formyl thiophene acetic acid 

(pFTAA) (A) and ThT (B). (C-F) Kinetic traces following the fluorescence intensity of 20 µM Aβ40 or 5 µM 

Aβ42 incubated with Ag(I) ions (5, 10, 15, 20, 30 µM Ag(I) ions for Aβ40 and 2.5, 5, 10, 50 µM Ag(I) ions for 

Aβ42) in 10 mM MOPS buffer pH 7.2 at +37 °C under quiescent conditions in the presence of pFTAA (C, E) 

and ThT (D, F). 0.3 µM pFTAA was used for both measurements with Aβ40 and Aβ42, while 40 µM ThT was 
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used for Aβ40 and 10 µM ThT for Aβ42. The kinetic data in (C) was used for further global fit analysis in the 

main manuscript in Fig. 1. Data presented for Aβ40 or Aβ42 were measured simultaneously on the same plate 

using peptides from the same stock solution. The inserted graph in (D) shows a comparison of pFTAA and 

ThT for Aβ40 samples in the absence of Ag(I) ions from the kinetics curves in (C) and (D). Samples from the 

end of the fibrillization kinetics experiments shown in (C) or (D) were taken for further measurements with 

circular dichroism (CD) spectroscopy. (G, H) CD spectra from samples incubated with Ag(I) ions (0, 20, 30, 

50, 200 µM Ag(I) ions) supplemented with pFTAA (G) and ThT (H), shown as smoothed data (10x 

smoothing).  

 

 

 

Figure S2. Control experiments with different concentrations of pFTAA.   

Different concentrations of pFTAA (0-10 µM) were incubated in the absence (A) and presence of 8 µM Aβ42 

(B, C) in 10 mM MOPS buffer pH 7.8 at +37 °C under quiescent conditions. The data in (C) represents the 

normalized data presented in (B). The end point fluorescence intensities versus pFTAA concentration in the 

absence of 8 µM Aβ42 are presented in (D), and in the presence of 8 µM Aβ42 in (E). Eight replicates were 

measured for each condition.  
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Figure S3. Residuals from the global fit using 20 µM Aβ40 peptides incubated with Ag(I) ions (0, 5, 10, 

15, 20, 30 µM Ag(I) ions) presented in Fig. 1 in the main manuscript. One rate constant, i.e. either k+ in 

(A), k2 in (B) or kn in (C), was allowed to vary while the other two rate constant parameters were held fixed 

across all Ag(I) concentrations.  
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Figure S4. Raw data from seeding experiments shown in Fig. 1 in the main manuscript. 20 µM 

monomeric Aβ40 peptides incubated with Ag(I) ions (0, 5, 10, 15, 20, 30 µM Ag(I) ions) in the presence of 1 

µM pre-formed seeds in 10 mM MOPS buffer pH 7.2 and 0.3 µM pFTAA at +37 °C under quiescent 

conditions.  

  

  

 

 

 

Figure S5. Secondary nucleation is the dominant process for Aβ40 peptide fibrillization in the presence 

of Ag(I) ions.   

20 µM monomeric Aβ40 peptides were incubated in the presence of 20 µM Ag(I) ions in the absence and 

presence of 5 µM pre-formed seeds in 10 mM MOPS buffer pH 7.2 and 0.3 µM pFTAA at +37 °C under 

quiescent conditions. The seeded sample reached the plateau phase within the lag-time of the unseeded 

sample, indicating that secondary nucleation is the dominant mechanism also in the presence of Ag(I) ions. 
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Figure S6. Aβ fibrils formed in the absence and presence of Ag(I) ions indicate no obvious differences 

in fibril structure.   

Solid-state AFM images (A-D) from samples taken directly after fibrillization kinetic experiments with 15 

μM fibrillated Aβ40 peptides in 20 mM sodium phosphate buffer pH 7.4 and 40 μM ThT at +37 °C under 

quiescent conditions in the absence and presence of Ag(I) ions. Subfigures (A) and (C) are reprinted from 

Figure 1I and 1J in the main manuscript for direct comparison.  
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Figure S7. Ag(I) ions bind specifically to the N-terminal part of the monomeric Aβ peptide inducing 

structural changes monitored by 1H-13C-HSQC experiments. Site-specific interaction information from 

2D NMR 1H-13C-HSQC experiments of 80 µM monomeric 13C-15N-labeled Aβ40 peptides in 20 mM sodium 

phosphate buffer pH 7.4 at 278 K recorded at a 700 MHz spectrometer equipped with a cryogenic probe (A-

F). (A) Spectra for the Cα-H region of Aβ40 peptides alone (blue crosspeaks) and in the presence of 20 µM 

Ag(I) ions (red crosspeaks). The relative intensities from the spectra in (A) are shown in (B), based on the 

amplitude of the crosspeaks with and without Ag(I) ions. (C, D) Spectra and relative intensities of the 

aromatic region in the presence of 20 µM Ag(I) ions (red crosspeaks). (E, F) Spectra and relative intensities 

for the same sample as in (A-D) are shown with further Ag(I) ion titration steps. (E) Spectra for the Cα-H 

region of Aβ40 peptides in the presence of 16 µM Ag(I) ions (black crosspeaks), 27 µM Ag(I) ions (pink 

crosspeaks) and 40 µM Ag(I) ions (green crosspeaks). The relative intensities for the spectra in (E) are shown 

in (F). Signal resonances assigned with an asterisk (*) are not shown due to low signal intensity and/or 

spectral overlap. The Aβ40 crosspeak assignment in the HSQC spectra was performed by comparison with 

previously published work(21–23). 
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Figure S8. Ag(I) ions bind specifically to the N-terminal part of the monomeric Aβ peptide in HEPES, 

MOPS and sodium phosphate buffer at physiological pH and at pH 8.   

Spectra and chemical shift differences from 2D NMR 1H-15N-HSQC experiments of 80 µM monomeric 15N-

labeled Aβ40 peptides in 10 mM HEPES or MOPS buffer at 278 K recorded at a 500 MHz spectrometer with 
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a cryoprobe, or in 20 mM sodium phosphate buffer pH 7.3 at 278 K recorded at a 700 MHz spectrometer 

equipped with a cryogenic probe, are shown.   

 

 

 

 

Figure S9. Reversible binding of Ag(I) ions to the N-terminal part of the monomeric Aβ peptide probed 

with the 1,10-Phenanthroline chelator.   

Spectra and chemical shift differences from 2D NMR 1H-15N-HSQC experiments of 80 µM monomeric 15N-

labeled Aβ40 peptides in 10 mM MOPS buffer pH 7.2 recorded at a 700 MHz spectrometer with a cryogenic 

probe at 278 K. (A) Spectra of 80 µM monomeric 15N-labeled Aβ40 peptides alone (blue) and in the presence 

of 20 µM Ag(I) ions (red). Residues assigned with an asterisk (*) are not included in the analysis due to 

spectral overlap. (B) Spectra of 80 µM monomeric 15N-labeled Aβ40 peptides alone (blue) and in the presence 

of 20 µM Ag(I) ions + 80 µM 1,10-Phenanthroline (light blue). (C) Spectra of 80 µM monomeric 15N-

labeled Aβ40 peptides alone (blue) and in the presence of 20 µM Ag(I) ions + 200 µM 1,10-Phenanthroline 

(grey). (D) The molecular structure of 1,10-Phenanthroline. The relative intensities and combined chemical 

shift changes from spectra in (A-C) are shown in (E) and (F), respectively. The signal attenuation and 

chemical shift differences upon titration of Ag(I) ions are completely recovered in the presence of 200 µM 

1,10-Phenanthroline.   
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Figure S10. 2D NMR HSQC and 15N-CPMG relaxation dispersion experiments, chemical exchange 

between free Aβ peptide and an Aβ-Ag(I) complex when the Aβ peptides are bound to SDS micelles. 

(A) Spectra of 170 µM monomeric 15N-labeled Aβ40 peptides, in 20 mM sodium phosphate buffer pH 7.4 

and 50 mM d-SDS (>CMC), alone (blue) and in the presence of 34 µM Ag(I) ions (red) recorded at 700 MHz 

and 298 K. (B) Spectra of 80 µM monomeric 15N-labeled Aβ40 peptides, in 10 mM HEPES buffer pH 7.2 in 

the absence of d-SDS for comparison, alone (blue) and in the presence of 80 µM Ag(I) ions (purple) 

recorded at 500 MHz and 278 K. (C) Relative intensities based on the amplitude of the amide crosspeaks 

with and without Ag(I) ions and (D) combined chemical shift changes. Red markers (♦) correspond to the 

spectra in (A) and purple markers (■) correspond to spectra shown in (B). (E) Relaxation dispersion profiles 

from three N-terminal residues for the sample in (A), showing significant chemical exchange.  

 

 

Figure S11.  Ag(I) ions bind specifically to histidine residues in the N-terminal part of monomeric Aβ 

peptide inducing local structural changes. (A) 1D NMR experiments in D2O of Aβ40 peptides in 10 mM 
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HEPES buffer pH 7.2 at 281 K confirm the observations of Ag(I) ion binding to Aβ40 peptides as monitored 

by 2D NMR experiments. In the 1D spectra, the histidine signals are observed around 7.7 ppm, which are 

completely broadened upon addition of Ag(I) ions. (B) CD spectra were recorded to follow a titration of 

Ag(I) ions (1-1000 µM) onto 10 µM Aβ40 in 20 mM sodium phosphate buffer pH 7.4 at 298 K. Intensity loss 

and small shifts towards longer wavelengths in the CD spectra were observed. 

 

 

Figure S12. Representative Ag(I) ion titration curves used for apparent dissociation constant (𝐊𝐃
𝐚𝐩𝐩

) 

determination presented in Table S2. (A-C) Titration curves obtained by 2D NMR 1H-15N-HSQC 

experiments using a 80 µM 13C-15N-labeled Aβ40 sample in 20 mM sodium phosphate buffer pH 7.4 are 

shown. Residues selected for the global fitting in (A) were chosen based on gradual and clear signal 

attenuation upon Ag(I) ion titration. Titration curves using chemical shift changes (Δ15N and Δ1H) are 

presented in (B) and (C), respectively. Selected residues in (B) and (C) were chosen based on clear chemical 

shift changes compared to the reference spectrum of Aβ in the absence of Ag(I) ions. Titration curves using 

Y10 intrinsic fluorescence data from 10 µM Aβ40 in different buffers pH 7.4 and in the absence or presence 

of 50 mM SDS are shown in (D-H). The titration experiments were performed in room temperature for Tyr10 

fluorescence experiments and at 278 K for 2D NMR 1H-15N-HSQC experiments. The determined dissociation 

constants are listed in Table S2.  
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Figure S13. 15N-CPMG relaxation dispersion profiles for all observable crosspeaks.  

Data recorded with a 700 MHz spectrometer equipped with a cryoprobe and 80 µM monomeric 15N-labeled 

Aβ40 peptides in 20 mM sodium phosphate buffer pH 7.4 and 4 µM Ag(I) ions are shown.  
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Figure S14. 15N-CPMG relaxation dispersion profiles for all observable crosspeaks. 

Data recorded with a 700 MHz spectrometer equipped with a cryoprobe and 80 µM monomeric 15N-labeled 

Aβ40 peptides in 10 mM HEPES pH 7.4 and 6 µM Ag(I) ions are shown.  
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Figure S15. 15N-CPMG relaxation dispersion profiles for all observable crosspeaks in SDS. 

Data recorded with a 700 MHz spectrometer equipped with a cryoprobe and 170 µM monomeric 15N-labeled 

Aβ40 peptides and 50 mM d-SDS in 20 mM sodium phosphate buffer pH 7.4 and 34 µM Ag(I) ions are 

shown.  
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Table S1. Fundamental properties of silver-, zinc- and copper ions related to metal-protein 

coordination.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Ag(I)      Zn(II)    Cu(I)   Cu(II) 

 

 

 

 

 

 

 

Pauling radius [pm] 126 (Ref. (24)) 74 (Ref. (24)) 96 (Ref. (24)) 72 (Ref. (24)) 

Charge density [C mm-3] 15 (Ref. (25)) 112 (Ref. (25)) 51 (Ref. (25)) 116 (Ref. (25)) 

Lewis acid Soft (Ref. (26, 

27)) 

Intermediate (Ref. 

(27)) 

Soft (Ref.(26, 27)) Intermediate (Ref. 

(27)) 

Electron configuration [Kr]4d10 [Ar]3d10   [Ar]3d10 [Ar]3d9  

Coordination geometry linear, tetrahedral  

(Ref. (28)) 

(not known) penta 

coordinated, tetra- or 

octahedral  

(Ref. (29, 30)) 

Tetrahedral  

(Ref. (31)), diagonal 

(Ref. (32)), linear 

(Ref. (33, 34)) 

distorted square planar 

(Ref. (34, 35)) 

Likely donor atoms  SH 

N 

O (Ref. (36)) 

4N/O (Ref.(37),(38)) SH (Ref. (27, 39)) 

2N (Ref. (38)) 

3N 

>1 O (Ref. (38, 40)) 
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Table S2. Apparent dissociation constants (𝐊𝐃
𝐚𝐩𝐩

) determined from Ag(I) ions titration experiments 

using Y10 intrinsic fluorescence effects or signal attenuation/chemical shift changes in 1D or 2D NMR 
1H-15N-HSQC experiments. Global fit analysis of kinetic curves where the apparent free Aβ monomer 

concentration is determined by the dissociation constant was also performed to obtain a 𝐊𝐃
𝐚𝐩𝐩

 value. 

The errors reflect the errors from the fit. The titration curves are shown in Fig. S12 and the global fit of the 

kinetics curves is shown in Figure 1H in the main manuscript.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  KD
app [µM] 

10 µM Aβ40, 20 mM NaP pH 7.4 RT (Y10) 

  

8.8 ± 3.0 

10 µM Aβ40, 20 mM HEPES pH 7.2 RT (Y10) 16.2 ± 2.7 

10 µM Aβ40, 20 mM MOPS pH 7.4 RT (Y10) 4.3 ± 2.7 

10 µM Aβ40, 20 mM MOPS pH 7.4 RT, 50 mM SDS (Y10) 4.8 ± 5.0 

10 µM Aβ40, 20 mM NaP pH 7.4 RT, 50 mM SDS (Y10) 3.1 ± 2.0 

80 µM 15N,13C-Aβ40, 20 mM NaP pH 7.4 278 K (NMR, HSQC signal attenuation) 

  

3.5 ± 3.6 

80 µM 15N,13C-Aβ40, 20 mM NaP pH 7.4 278 K (NMR, HSQC 15N-chemical shift) 

 

2.0 ± 1.1 

80 µM 15N,13C-Aβ40, 20 mM NaP pH 7.4 278 K (NMR, HSQC 1H-chemical shift) 

 

1.3 ± 1.6 

80 µM 15N,13C-Aβ40, 20 mM NaP pH 7.4 278 K (NMR, 1D signal attenuation) 2.5 ± 3.5 

20 µM Aβ40, 10 mM MOPS pH 7.2 +37 °C (Global fit analysis of kinetic curves)   14.5 ± 0.2 
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Table S3. Global fit parameters from the 15N-CPMG relaxation dispersion data. The residues were 

divided into two groups, one group showing significant relaxation dispersion profiles (marked in green, 

analyzed with Model 1a) and one group with non-significant relaxation dispersion profiles (marked in red).    
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Table S4. Global fit parameters from 15N-CPMG relaxation dispersion data shown in the main 

manuscript in Fig. 3, and calculated dissociation constants (𝐊𝐃
𝐚𝐩𝐩

) using Eq. 1 in the main manuscript 

and Gibbs free energy values (ΔGU-->F).  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Ag(I) conc. [µM] Temperature [K] kex [s-1] pF [%] KD
app

 [µM] ΔGU.->F [kJ mol-1] 

6 278 242 ± 20 8.9 ± 0.4 ~1 5.4 

6 281 278 ± 35 9.1 ± 0.6 ~1 5.4 

6 284 430 ± 33 7.2 ± 0.5 ~3 6.0 

6 287 481 ± 62 6.1 ± 0.8 ~17 6.5 

      

4 278 277 ± 35 7.0 ± 0.5 ~1 6.0 

4 281 264 ± 48 5.7 ± 0.6 ~1 6.6 

4 284 368 ± 62 5.5 ± 0.6 ~1 6.7 

4 287 478 ± 156 4.0 ± 1.3 ~1 7.6 

      

6 + 4 combined# 278 239 ± 21 8.7 ± 0.5 ~1 5.4 

6 + 4 combined#  277 ± 32 7.0 ± 0.5 ~1 6.0 

 

6 + 4 combined# 281 278 ± 33 9.1 ± 0.6 ~1 5.4 

6 + 4 combined#  264 ± 56 5.7 ± 0.7 ~1 6.6 

 

6 + 4 combined# 284 430 ± 41 7.2 ± 0.6 ~3 6.0 

6 + 4 combined#  368 ± 49 5.5 ± 0.5 ~1 6.7 

 

6 + 4 combined# 287 480 ± 73 6.0 ± 0.9 ~19 6.5 

6 + 4 combined#  478 ± 126 4.0 ± 1.0 ~1 7.6 

# The data sets for 6 and 4 µM Ag(I) were analysed together, where the chemical shift difference was constrained to the 

same value for both Ag(I) concentrations.  
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Table S5. Global fit of 15N-CPMG relaxation dispersion data shown in the main manuscript in Fig. 3 

with different constraints. Two different two-state exchange models were compared by using the F-test and 

the Akaike information criterion (AIC) method. The AIC values confirm the results of the F-test indicating 

Model 1 as the preferred model.   

 

Model* Constraints pB [%] 

for 6 µM 

Ag(I) 

pB [%] 

for 4 µM  

Ag(I) 

kex [s
-1] 

for 6 µM 

Ag(I) 

kex [s
-1] 

for 4 µM 

Ag(I) 

χ2 # fitting 

para-

meters 

p-value of 

F-test 

Model 1 vs.  

Model X 

AIC value 

Model 1 vs.   

Model X 

1 Δδ ≥ Δδ(HSQC) 6.1 to 8.9 4.0 to 7.0 200-500 200-500 196 79 -- 

 

-- 

1b Δδ ≥ Δδ(HSQC) 

(kex Ag(I) conc. 

independent) 
 

 

6.1 to 7.8 4.0 to 7.0 300-600  

(4 and 6  

µM Ag(I) 
combined) 

300-600  

(4 and 6 µM 

Ag(I) 
combined) 

197 75 0.7 ≳ 0 

2 pB temperature-

independent 

Δδ ≥ Δδ(HSQC) 

8.5 6.1 300-800 350-950 223 73 << 0.01 

 

 
 

<< 0 

*General constraints: 

1. pB and kex were constrained globally to the same value for all residues 

2. Δδ was constrained to the same value for all temperatures 

 

 

 

 

Table S6. Thermodynamic parameters for Ag(I)-induced folding of the N-terminus of Aβ40.  

* from ΔG(T)= ΔH-TΔS  

** from f(T) = ΔH-T*ΔS+(ΔCP*(T-Tm))-(T*ΔCP*ln(T/Tm)); Errors in brackets correspond to a fitting with three free 

parameters, while the given errors reflect the fitting errors when ΔCP was fixed to a constant value.  

 

 

 

 

 

 

 

 

 

 

 

 
ΔH0 

[kJ mol-1]* 

ΔS0 

[kJ mol-1 K-1]* 

ΔHTm 

[kJ mol-1]** 

ΔSTm 

[kJ mol-1 K-1]** 

ΔCP 

[kJ mol-1 K-1]** 

Sample  

6 µM Ag(I) -50 ± 5 -0.20 ± 0.02 230 ± 6.0 (± 180) 0.8 ± 0.02 (± 0.7) -8.8 (± 6.0) 
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Table S7. Biophysical Ag(I)-Aβ and Zn(II)-Aβ data comparison. 

 

 

 

 

 

 

 

 

 

 

 

 Ag(I) 

(results from this study) 

Zn(II) 

(references see below) 

Metal Aβ binding region 6-20 1-18 (Ref. (2)) 

Likely Aβ ligands 

H6 

H13 

H14 

D1 (NH2 and/or COO-) 

H6 

H13 

H14 (Ref. (21, 29)) 

Possible Aβ ligands 

D1 

(E11) 

(K16) 

E3 

 E11 

D7 

H2O (Ref. (29)) 

2D NMR chemical shift changes Yes, N-terminal residues Not observed (Ref. (2, 21)) 

Aβ40 hydrodynamic radius in metal-bound state 

(peptide:metal ratio of ~2:1) [Å] 
16.3 15.9 (Ref. (2)) 

Translational diffusion coefficient in metal-bound state 

(peptide:metal ratio of ~2:1)  [m2/s] 
7.0 x 10-11 7.2 x 10-11 (Ref. (2)) 

Specific metal binding in SDS micelles Yes Yes (Ref. (2, 6)) 

Instant aggregation upon additions of metal ions (sub-

stoichiometric) 
No No 

Aβ40
noHis metal binding No No (Ref. (37)) 

Impact on Aβ fibrillation Retardation Retardation (Ref. (2)) 

Dominating fibrillation process in the presence of sub-

stoichiometric metal ion concentrations 

Secondary nucleation 

processes 

Secondary nucleation 

processes (Ref. (2)) 

Main nucleation process affected Elongation rate constant 

 

Elongation rate constant 

(Ref. (2)) 

Critical metal concentration for retardation [µM] 

(for 20 µM Aβ40 aggregation kinetics)  
5-30 0.25-2.5 (Ref. (2)) 

Metal ion impact on fibril structure of ThT/pFTAA end-

point samples (at sub-stoichiometric metal ion 

concentrations) 

- Similar final fluorescence signal  

- Similar CD spectra  

 

 

 

 

Yes 

Yes 

 

 

 

 

Yes (Ref. (2)) 

 Yes (Ref. (2)) 

 

KD,app to monomeric peptides in buffer [µM] 3-15 
1-20 (Ref. (40)) 

1-6 (Ref. (21)) 

ΔCP [kJ·mol−1·K−1] -8.8 (± 6.0) -8.1±1.0 (Ref. (2)) 
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