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Sample Preparation
Recombinant Aβ40 peptide was purchased from Alexo-Tech and
samples were prepared as in ref. 1. Experiments were performed
in 10 mM Hepes buffer, pH 7.4, in 10 or 100% D2O (for dif-
fusion experiments) for NMR and 10 mM sodium-phosphate
buffer, pH 7.2–7.4, with 0.02% NaN3 for kinetics experiments,
respectively. Zn2+ ions were added using ZnCl2 stock solutions.

Aggregation Kinetics
Experimental Setup. ThT fluorescence aggregation kinetics were
measured using a 96-well plate on a Fluostar Omega (BMG
Labtech) fluorometer. ThT was diluted from a 4 mM ThT stock
solution to a final concentration of 40 μM (unseeded experi-
ments) or 100 μM (preseeded experiments). Experiments were
performed at 37 °C under quiescent conditions and the signals
were recorded in an interval time of 300 s for unseeded and 60 or
20 s for preseeded experiments. All peptide samples were pre-
pared and kept on ice and quickly transferred to the 96-well
plate just before measuring.

Analysis. Kinetic traces at different peptide concentrations with
and without Zn2+ in Aβ40:Zn2+ 10:1 molar equivalents were
primarily fitted to sigmoidal functions that can be described by
F =F0 +A=ð1+ exp½rmaxðτ1=2 − tÞ�Þ, where τ1=2 is the time for de-
pletion of half of the monomer pool by aggregation and rmax is the
maximum growth rate. Averaged τ1=2 values (four or five repli-
cates), which were weighted by their variances, show a dependence
on the initial monomer concentration, mð0Þ, that is described by
a power law mð0Þγ where γ is the half-time exponent. Ac-
cordingly, kinetic traces (five replicates) of 20 μM Aβ40 at
different Zn2+ concentrations exhibit sigmoidal kinetic profiles
whose averaged τ1=2 values show an exponential dependence on
the Zn2+ concentration with τ1=2 = τ0 · expð½Zn2+�=ceÞ.
In addition, a global fit analysis was performed including all

aggregation kinetics data (see following sections).

Kinetic Model of Aggregation. We applied an aggregation kinetic
model as proposed by Meisl et al. (2) that includes primary
nucleation (kn), elongation (k+), and secondary nucleation (k2)
where the reaction orders nc and n2 describe primary and sec-
ondary nucleation events, respectively. In this model an equi-
librium constant KM is introduced to account for saturation of
secondary nucleation following the terms of Michaelis–Menten
kinetics (2). The primary and secondary reaction orders were set
to n2 = nc = 2 as previously reported for Aβ42 (3) and Aβ40 (2). In
addition, the choice of n2 and nc was validated by assigning one
of them as an additional fitting parameter. These fits revealed
values around 2 for n2 and nc or worse fits (larger χ2 values) for
other values. In this model, the normalized fraction of fibril
mass, MðtÞ=Mð∞Þ, is described by
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with global fit parameters that describe the formation of aggre-
gates through primary nucleation,
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and secondary nucleation
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where mð0Þ is the initial monomer concentration and KM is the
Michaelis constant.
The other parameters are related to λ and κ by
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The long time limit of the aggregation number Pð∞Þ for n2 = 2 is
given by (2)
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For a two-step secondary nucleation reaction the Michaelis con-
stant KM is defined by KM = ðkb + k2Þ=kf , which is related to k2 by
k2 = k2=KM . The rates kf and kb reflect the rate of attachment
and detachment of n2 monomers to/from the fibril surface, re-
spectively, and k2 describes the subsequent release of the formed
aggregate from the fibril surface.
Global fits were performed using all data from ThT fluores-

cence kinetics in an initial monomer concentration interval of 10–
20 μM. Aggregation traces were normalized with respect to the
initial and final fluorescence signals and averaged over four or
five kinetic traces for each peptide concentration. Here, for each
time point a variance weighted average was calculated. These
normalized and variance weighted averaged kinetic traces were
fitted globally using Eq. S1 where global fit parameters wereffiffiffiffiffiffiffiffiffiffi
k+kn

p
,

ffiffiffiffiffiffiffiffiffiffi
k+k2

p
and

ffiffiffiffiffiffiffi
KM

p
and the initial mass concentration was

constrained to ±1 μM of the experimentally determined mono-
mer concentration. In a second fit, to check the quality of the
fit by reducing the number of free parameters, the value offfiffiffiffiffiffiffi
KM

p
was held constant to the experimentally determined

value, which led to the same fitting values but with a reduced
fitting error.

Half-Time Exponent
The half-time exponent γ can be derived from Eq. S1 and is given
as (2)

γ =−0:5
�

n2
1+mð0Þn2=KM

+ 1
�
: [S10]
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With n2 = 2 and an experimentally obtained half-time exponent
of γ =−0:91± 0:12 (Fig. 1B) the mean value for an initial mono-
mer range of 10–20 μM is

ffiffiffiffiffiffiffi
KM

p
= 12:5± 1:5 μM. This value was

used in the global fit analysis for Aβ40 aggregation at different
Zn2+ concentrations (Fig. 2A and Fig. S4).

Attenuated Total Reflection Infrared
IR measurements were conducted at 4-cm–1 resolution using
a Bruker Vertex 70 spectrometer equipped with a SensIR
9-reflection diamond attenuated total reflection (ATR) accessory.
The samples were taken from ThT fluorescence measurements
at the end state and after centrifugation for 20 min the precipitate
was dried with a gentle nitrogen stream on the diamond crystal.
Spectra were averaged over 10 scans and normalized to the in-
tensity of the secondary derivative minimum at 1,625–1,629 cm–1,
which is a typical β-sheet feature (4). For Aβ40 alone and in the
presence of low zinc concentrations (≤2.5 μM) the spectra are
almost identical, indicating a similar morphology of the fibril
structures. In contrast, at 10 μM Zn2+ the IR spectrum is clearly
different, suggesting the formation of different fibril morpholo-
gies under these conditions (Fig. S1).

Effect of Different Zn2+ Concentrations
To investigate the effect of Zn2+ on the microscopic rate con-
stants a global fit analysis was performed using aggregation
traces (average of five replicates per time point) of 20 μM Aβ40
in the presence of 0–2.5 μM Zn2+. Three different fits were
performed where either kn, k+, or k2 was effectively allowed to
vary across different Zn2+ concentrations where, to reduce the
numbers of freedom, mð0Þ and ffiffiffiffiffiffiffi

KM
p

(set to 12:5  μM) were held
constant. To investigate the effect on the secondary nucleation
rate, k2, the data were globally fitted to Eq. S1 where

ffiffiffiffiffiffiffiffiffiffi
k+kn

p
was

fixed to one global value for all Zn2+ concentrations whereasffiffiffiffiffiffiffiffiffiffi
k+k2

p
was allowed to vary between different concentrations.

With this constraint, the secondary nucleation rate is the only
effective free fitting parameter. In contrast, when holding

ffiffiffiffiffiffiffiffiffiffi
k+k2

p
fixed and allowing

ffiffiffiffiffiffiffiffiffiffi
k+kn

p
to vary across different Zn2+ concen-

trations, the primary nucleation rate, kn, is the sole effective free
parameter. Similarly, to check the effect on the elongation rate,
k+, as the effective free fitting parameter,

ffiffiffiffiffiffiffiffiffiffiffiffi
kn=k2

p
and

ffiffiffiffiffiffiffiffiffiffi
k+k2

p
were defined as global fit parameters. For this, the first term in

Eq. S9 was neglected as O
�
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nc

	
� Oðother  termsÞ. When

fitting
ffiffiffiffiffiffiffiffiffiffiffiffi
kn=k2

p
to one global value and allowing

ffiffiffiffiffiffiffiffiffiffi
k+k2

p
to vary, k+

is the effective free fitting parameter.
Whereas a fit with kn as the effective free fitting parameter re-

sulted in an insufficient fit (χ2 = 10:86), the fits for k2 and k+ as free
parameter describe equally well the aggregation kinetics with χ2

values of 5.41 and 5.71 for k2 and k+ as free parameters, respectively
(Fig. S4A). Both the relative elongation and secondary nucleation
rate, where the other one is assumed to be unaffected, show about
the same dependence on Zn2+ concentration (Fig. S4B). Thus, the
effect of Zn2+ on Aβ40 aggregation can be described by a change of
k2 and/or k+. From this analysis it is, however, not possible to dis-
tinguish whether Zn2+ affects primarily k2 or k+ or both. The result
from the global fit that the value of KM did not significantly
change in the presence of Zn2+ (Table S1) provides, however,
evidence that primarily elongation reactions are inhibited by
zinc. An unchanged KM value indicates that both the attach-
ment of peptides to the fibril surface and the formation and
subsequent release of new aggregates are equally affected. The
microscopic nature of these events is, however, fundamentally
different and simultaneous inhibition of both processes seems less
likely. To elucidated this issue in more detail preseeded experi-
ments are performed that report on the effect on rate with which
fibrils elongate (see the following section).

Preseeded Aggregation Kinetics
Seeded experiments can be used to distinguish whether primary
or secondary nucleation events are primarily affected by Zn2+ (5).
In addition, at high seed concentration the initial slope is pro-
portional to the elongation rate and effects of Zn2+ on the
elongation can be quantified (5).
Seeds were taken from samples that reached the final aggregation

state characterized by either ThT end-point fluorescence (Fig. S2A)
or CD signal (Fig. S2B). Seeds used for experiments displayed in
Fig. S3 were produced by incubating a 10 μM Aβ40 sample at 37 °C
under continuous agitation (stirring by a small magnet). The ag-
gregation process was monitored all of the time by recording the
CD signal. The CD signal displayed a two-state transition from
a mainly random coil-like signal at the start to a final β-structure
(Fig. S2B). After about 5 h the transition was completed and the
CD signal remained unchanged, which defined the final aggrega-
tion state (Fig. S2B). Alternatively, seeds used for Fig. S4C, Right,
were taken from an aggregated sample (45 μM Aβ40) that was
incubated with 100 μM ThT at 37 °C in a 96-well plate under
quiescent conditions and its sigmoidal ThT fluorescence signal in-
crease was recorded (Fig. S2A). The aggregated samples were ho-
mogenized by drawing the solutions 10 or more times up and down
through a 27-gauge syringe (inner diameter 0.21 mm) and sub-
sequent sonication for 5 min. The aggregated and homogenized
samples were then added to monomeric peptide as seeds. For very
high seed concentrations (Fig. S4C, Left) monomeric peptide
solutions at different Zn2+ concentrations were directly added to
aggregated ThT end-point samples incubated with the same Zn2+

concentration, without any further treatment of the seeds.
Seeded kinetics experiments were performed under quiescent

condition, first, for different Aβ40 concentrations with Zn2+

added at Aβ:Zn2+ 10:1 molar equivalents and ∼1 μM seeds (Fig.
S3A) and, second, at constant Aβ40 concentration with different
Zn2+ concentrations at two different seed:monomer ratios,
3 μM : 19 μM and 11:5 μM : 10 μM seed:monomer.
Aggregation traces of preseeded peptide at ∼1 μM seeds

showed a sigmoidal behavior and reached the final state before
a significant signal increase of the unseeded samples was ob-
served (Fig. S3A). Variance weighted mean aggregation half
times (of four replicates) were significantly prolonged in the
presence of zinc at Aβ:Zn2+ 10:1 molar equivalents (Fig. S3B).
At large seed concentration new aggregates are generated

predominately by adding monomeric peptide to fibril ends. The
initial slope is, hence, proportional to the elongation rate (5). At
very high seed concentration (11:5 μM : 10 μM seed:monomer)
the aggregation behavior clearly exhibits a concave shape, that is,
the seed concentration is above the critical seed concentration
and the maximal growth rate is largest at the start (6). The initial
slope was determined by a linear fit to first 18 and 30 min for
11:5 μM : 10 μM and 3 μM : 19 μM seed:monomer ratio, re-
spectively, neglecting the very first time points due to tempera-
ture equilibration. Aggregation traces (averaged over three to
five replicates) at different Zn2+ concentration yield a Zn2+-
dependent elongation rate (Fig. S4C and Fig. 2D). The relative
elongation rate decreases with increasing Zn2+ concentration
and shows about the same Zn2+ dependence for both seed:
monomer ratios as was found from the global fit analysis of
unseeded peptide (Fig. 2D and Fig. S4C, inset graphs).

NMR
1H-15N HSQC, 15N CPMG relaxation dispersion, and diffusion
experiments were acquired on a 700-MHz Bruker Avance spec-
trometer equipped with a cryogenic probe.

15N CPMG relaxation rates were recorded of 75 μM 15N-Aβ40
with 20 μM Zn2+ for five different temperatures from 278 to 290
K in steps of 3 K (same sample) as well as with 10 μM Zn2+ and
without Zn2+ (different samples) both at 281 K using a CPMG
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pulse scheme (7) with a mixing time of 120 ms and 11 different
delays between the 180° pulses as well as a reference experiment
without the mixing period. To reduce any putative long-time-
scale-event influences, relaxation dispersion data sampling was
performed in an interleaved acquisition scheme meaning that
slow aggregation affects all CPMG frequencies in the same
manner. Relaxation rates were determined from cross-peak
heights. These rates including data from five temperatures and
two Zn2+ concentrations were fitted to a two-state chemical
exchange model (8–10) as described in refs. 11 and 12. The
calculated relaxation rates R0

2 and the absolute chemical shift
differences jΔδj are residue-specific fitting parameters, whereas
the population of the second state pB and the chemical exchange
rate kex are fitted as global parameters. Δδ was constrained to the
same value for all temperatures and Zn2+ concentrations. Only
residues with relaxation dispersion profiles featuring F-test val-
ues of P < 0.03 and 3-s−1 difference between the first and last
point for 278–284 K were used for the fitting, which applied for
eight residues. With 20 μMZn2+ the first five (four) points of F4,
R5, and S8 are close to the noise level and were therefore ex-
cluded from the fitting. To check the robustness of the fit in-
cluding only the eight residues with significantly high relaxation
dispersion amplitudes, a fit including all residues was also per-
formed. This fit revealed essentially the same chemical shift
changes for the eight high-amplitude profile residues and very
small values for all other residues (Fig. 3C).
Diffusion experiments were performed at 281 K in D2O on

three different samples without and with 20 and 40 μM Zn2+

where the same small amount of water/Zn2+ solution (volume
H2O ca. 2%) was added to each sample. A list of 16 different
gradient strengths with linear spacing, a gradient pulse length of
3 ms, and a diffusion time of 100 ms were applied for the dif-
fusion measurements. Diffusion coefficients were determined
using the integrated signals of the aromatic side chain protons.
Errors were estimated from SD of five or more measurements
(on the same sample). The hydrodynamic radius, RH , was cal-
culated from the translational diffusion coefficient, Dt, through
the Stokes–Einstein equation, RH = kBT=ð6πηDtÞ, where kB is
the Boltzmann’s constant and η the dynamic viscosity.

1H-15N HSQC cross-peaks in the presence of 15 mM LiDS
were assigned using ref. 13 (determined at 298 K) and extrapo-
lated to 281 K with a temperature scan in steps of 3 K.

Thermodynamics of Zn2+ Binding
Two-State Model for Zn2+ Binding. The temperature dependence of
the Zn2+ bound state may be used to determine reaction-specific
thermodynamic parameters. Assuming a 1:1 complex for the
reaction product the Zn2+ binding process can be described by

Aβ40 +Zn2+�
kon

koff
Aβ40Zn

2+:

The apparent dissociation constant KD of this binding is given by
the population of the bound state, pB, and the initial Zn2+ and
Aβ concentrations, ½Zn2+ �0 and ½Aβ�0:

Kapp
D =

ð1− pBÞ ·
�

Zn2+

�
0 − pB½Aβ�0

�
pB

: [S11]

The values of Kapp
D at different temperatures are listed in Table 1.

Three-State Model for Zn2+ Binding. To describe folding of the N
terminus around the Zn2+ ion as the rate-limiting step we applied
a three-state model that includes Zn2+ binding to the peptide’s N
terminus and consequent folding of the N terminus:

Aβ40 +Zn2+�kon

koff
Aβ40Zn

2+ðUÞ�kF

kU
Aβ40Zn

2+ðFÞ:

The initial Zn2+ binding may be described by a dissociation
constant KD = 6:6 μM obtained from tyrosine fluorescence ex-
periments using competitive titration with copper ions (14). The
population of peptide that has a Zn2+ ion bound, pZn, may be
calculated from the initial Aβ and Zn2+ concentrations, ½Aβ�0
and ½Zn2+ �0 and the dissociation constant by

pZn =

�½Aβ�0 +


Zn2+

�
0 +KD

�
2½Aβ�0

−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�½Aβ�0 + ½Zn2+ �0 +KD
�2 − 4½Aβ�0½Zn2+ �0

q
2½Aβ�0

:

[S12]

The fraction of peptides with a bound Zn2+ ion and the corre-
sponding concentration are displayed in Table S2.

Gibbs Free Energy. The Gibbs free energy is calculated from the
equilibrium constant, KU→F

eq , of the three-state model by

KU→F
eq ðTÞ= pFðTÞ

pUðTÞ=
pBðTÞ

pZn − pBðTÞ [S13]

ΔGU→FðTÞ=−RT lnKU→F
eq ðTÞ; [S14]

where the dissociation constant KD and, hence, the Zn2+ bound
population pZn are assumed to be temperature-independent and
pF = pB is the population of the folded state determined by re-
laxation dispersion measurements.
The simplest description for the Gibbs free energy is a linear

dependence on temperature where ΔH0 and ΔS0 do not feature
an explicit temperature dependence:

ΔGðTÞ=ΔH0 −TΔS0: [S15]

To describe the curvature of the data points in Fig. 3E and Fig. S9
correctly a heat capacity is introduced describing an explicit tem-
perature dependence of the enthalpy by ΔCP = ð∂H=∂TÞP (15):

ΔGðTÞ=ΔHTm −TΔSTm +ΔCPðT −TmÞ−TΔCP lnðT=TmÞ;
[S16]

where the enthalpy and entropy are defined at a reference tem-
perature, Tm. The temperature dependence of the enthalpy and
entropy are given by

ΔHðTÞ=ΔHðTmÞ+ΔCpðT −TmÞ [S17]

ΔSðTÞ=ΔSðTmÞ+ΔCp lnðT=TmÞ: [S18]

We chose the reference temperature as a melting temperature by
Tm =ΔH0=ΔS0 where ΔH0 and ΔS0 are determined from a linear
fit at higher temperatures. The explicit temperature dependence
of ΔHðTÞ and ΔSðTÞ is displayed in Fig. S9. To test the impact
of the previously determined KD = 6:6 μM (14) we calculated
ΔGðTÞ assuming an uncertainty of 5 KD and KD=5 (Fig. S9).
We found that the absolute values of ΔGðTÞ are shifted whereas
the overall behavior is conserved.

Estimation of Population of Folded State from Diffusion Data
The measured translational diffusion coefficient, Dobs, is given as
the population weighted average of the diffusion coefficients of
Zn2+-bound folded peptide, DB, and the nonfolded population
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(including free and Zn2+-bound unfolded peptides), DnF , with
DnF ≈Dfree:

Dobs = ð1− pBÞ ·Dfree + pB ·DB: [S19]

Using the population of the bound state as determined by relax-
ation dispersion measurements in the presence of 20 μMZn2+ the
diffusion coefficient of the folded state can be determined, when
assuming the same diffusion coefficient of the bound state, DB,

at 20 and 40 μM Zn2+. The bound population in the presence of
40 μM Zn2+ is thereby given by

pB;40μM =
Dobs;40μM −Dfree

DB −Dfree
= 12:6%: [S20]

This estimate indicates that the population of foldedpeptide increases
linearly with increasing Zn2+ concentration (Fig. S8). With Eq. S11
the apparent dissociation constant can be estimated to ∼210 μM.
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Fig. S1. ATR-Infrared spectra of aged Aβ40 samples incubated at different Zn2+ concentrations and recorded as dried films. The films were obtained from
precipitates (after 20 min of centrifugation) of ThT fluorescence end-point samples. The second derivative of the IR absorbance is displayed and the curves are
normalized to same intensity of the minimum at 1,625–1,629 cm–1. For Aβ40 alone and in the presence of low zinc concentrations (≤2.5 μM) the spectra are
almost identical, indicating a similar morphology of the fibril structures. In contrast, at 10 μM Zn2+ the IR spectrum is clearly different, suggesting the formation
of different fibril morphologies under these conditions.

Fig. S2. Aggregation kinetics of samples whose final states were used for seeding experiments. (A) ThT fluorescence of 45 μM Aβ40 was monitored at at 37 °C
and under quiescent conditions. (B) Far-UV CD kinetics of 10 μM Aβ recorded at 37 °C and continuous stirring. The spectrum shows a transition from random
coil-like at the start to a final state that exhibited a β-structure.
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Fig. S3. (A) Aggregation kinetics under quiescent conditions of 10 μM Aβ (black) and 11.3 μM Aβ with 1 μM seeds (blue). The intensity was normalized to the
same final signal. (B) Fitted τ1=2 values (from sigmoidal fits) under quiescent conditions for seeded Aβ samples without (blue) and with (red) Zn2+ at at molar
equivalents of Aβ40:Zn2+ 10:1.

Fig. S4. (A) Global fit analysis of 20 μMAβ40 in the presence of 0–2.5 μM Zn2+ where either kn, k2, or k+ is the effective free fitting parameter. The χ2 values for
the different fits are 10.86 (kn free), 5.41 (k2 free), and 5.71 (k+ free). The color code used is 0 (red), 0.25 (orange), 0.5 (green), 1 (cyan), 1.5 (blue), 2 (violet), and
2.5 (pink) μM Zn2+. (B) Relative global fit parameter (squared), k+k2, where one microscopic rate is the effective free fitting parameter and the other one is
effectively constant. (C) Preformed fibrils were added to monomeric Aβ40 at different Zn2+ concentrations and where the initial slope (black line) was fitted to
averaged aggregation traces. The experiment was performed at 11.5 μM seeds to 10 μM monomers (Left), and 3 μM seeds to 19 μM monomers (Right). The
inserted graphs display the initial rates compared with the relative elongation rates obtained from the global fit analysis.
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Fig. S5. (A) Relative 1H-15N HSQC cross-peak intensity of 75 μM Aβ40 in 10 mM Hepes buffer, pH 7.4, at 278 K upon addition of 20 μM ZnCl2 before (black) and
after the relaxation dispersion measurements at different temperatures (278–290 K) performed in ∼10 d. (B and C) Relative 1H-15N HSQC cross-peak intensity of
75 μM Aβ40 in 10 mM Hepes buffer, pH 7.2, at 281 K upon addition of 20 μM Zn2+ followed by 1 mM EDTA (B) and in reverse order (C) showing the reversible
signal intensity loss in the N-terminal part of the peptide. The small signal loss in the C terminus may be assigned to formation of small amounts of aggregates.
The histidine mediated zinc coordination is highly pH-dependent, and at pH 5.3 virtually no binding is observed (1). (D) Relative 1H-15N HSQC cross-peak
intensities of 75 μM Aβ in 10 mM Hepes buffer, pH 7.1, with 15 mM LiDS at 281 K upon addition of 20 (light gray) and 40 μM Zn2+ (black). Residues marked with
a star showed overlap with other residues and were excluded from the analysis. Error bars display the signal-to-noise ratio.

1. Ghalebani L, Wahlström A, Danielsson J, Wärmländer SKTS, Gräslund A (2012) pH-dependence of the specific binding of Cu(II) and Zn(II) ions to the amyloid-β peptide. Biochem Biophys
Res Commun 421(3):554–560.
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Fig. S6. Relaxation dispersion profiles for Aβ in the presence of 20 μM Zn2+ (circles) at 278 (red), 281 (orange), 284 (green), 287 (blue), and 290 K (violet) and Aβ
alone at 281 K (black squares). The global fit routine included data from eight residues with significant relaxation dispersion amplitudes at five temperatures
with two Zn2+ concentrations at 281 K.
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Fig. S7. Relaxation dispersion profiles for Aβ in the presence of 10 (diamonds, cyan) and 20 μM Zn2+ (circles, orange) as well as Aβ alone (black squares) at
281 K. The global fit routine included data from eight residues with significant relaxation dispersion amplitudes at five temperatures with two Zn2+ con-
centrations at 281 K.

Fig. S8. Concentration dependence of the folded state on Zn2+ concentration. The data points for 10 and 20 μM were calculated as presented in Table 1. The
value for 40 μM Zn2+ was estimated from diffusion data.
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Fig. S9. Estimation of error impact of KD on thermodynamic parameters. A uncertainty factor of 5 was assumed, that is, 5KD (green) and KD=5 (blue). The
thermodynamic parameters were calculated according to Eqs. S16, S17, and S18.

Table S1. Global fit parameters for Aβ40 alone and in the presence of Zn2+ at Aβ:Zn2+ 10:1
molar equivalents were obtained using Eq. S1

Fitting parameter Aβ alone Aβ:Zn2+ 10:1ffiffiffiffiffiffiffiffiffiffiffi
knk+

p
, M−1 · s−1 2:3± 0:3 · 10−2 0:98± 0:08 · 10−2ffiffiffiffiffiffiffiffiffiffiffi

k+k2
p

, M−3=2 · s−1 3:85 · 103* 2:15 · 103*ffiffiffiffiffiffiffi
KM

p
, μM 14:5±2:6 11:6±0:6

mð0Þ Aβ alone,† μM 10.6 ± 0.3; 11.1 ± 0.4; 13.4 ± 0.6; 15.8 ± 1.0; 17.5 ± 1.3; 19.0 ± 1.6
mð0Þ Aβ + Zn2+,† μM 10.3 ± 0.1; 11.0 ± 0.1; 14.5 ± 0.3; 17.0 ± 0.4; 18.1 ± 0.5; 19.0 ± 0.5

Errors are displayed as fitting errors, which report on the quality of the fit, whereas experimental errors may
be substantially larger.
*Fitting error < 2 ·10−1 ·M−3=2 · s−1.
†Constrained to ±1 μM of experimentally determined monomer concentration.

Table S2. Estimation of Zn2+ bound population from
fluorescence titration experiments using Eq. S12 with a total
peptide concentration of 75 μM

Amount zinc-bound peptide 20 μM Zn2+ 10 μM Zn2+

pZn, % 24 12
½Aβ�bound , μM 17.9 9.1
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