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ABSTRACT: Amyloid plaques composed of the peptide Aâ are an integral part of Alzheimer’s disease
(AD) pathogenesis. We have modeled the process of amyloid plaque growth by monitoring the deposition
of soluble Aâ onto amyloid in AD brain tissue or synthetic amyloid fibrils and show that it is mediated
by two distinct kinetic processes. In the first phase, “dock”, Aâ addition to the amyloid template is fully
reversible (dissociationt1/2 ≈ 10 min), while in the second phase, “lock”, the deposited peptide becomes
irreversibly associated (dissociationt1/2 . 1000 min) with the template in a time-dependent manner. The
most recently deposited peptide dissociates first while Aâ previously deposited becomes irreversibly
“locked” onto the template. Thus, the transition from monomer to neurotoxic amyloid is mediated by
interaction with the template, a mechanism that has also been proposed for the prion diseases. Interestingly,
two Aâ peptides bearing primary sequence alterations implicated in heritable Aâ amyloidoses displayed
faster lock-phase kinetics than wild-type Aâ. Inhibiting the initial weak docking interaction between
depositing Aâ and the template is a viable therapeutic target to prevent the critical conformational transition
in the conversion of Aâ(solution) to Aâ(amyloid) and thus prevent stable amyloid accumulation. While
thermodynamics suggest that inhibiting amyloid assembly would be difficult, the present study illustrates
that the protein misfolding diseases are kinetically vulnerable to intervention.

INTRODUCTION

While many human diseases are a consequence of defects
encoded at the gene level, others appear to result from alter-
ations in the conformation of endogenous and otherwise non-
pathogenic proteins (1-3). Consequent abnormal assembly
of endogenous proteins has been implicated as the proximal
cause of well over a dozen human diseases. Although there
is little primary sequence homology among the involved
protein monomers, the ability of each to undergo a significant
conformational alteration to produce stable insolubleâ-sheet
assemblies is of paramount importance to both the etiology
and pathogenesis of the disease state (1-3).

An abundance of strong circumstantial evidence suggests
that brain senile amyloid plaques, composed of fibrillar
assemblies of the naturally occurring 39-43 amino acid
peptide Aâ,1 contribute directly to Alzheimer’s disease (AD)

pathogenesis (4, 5). While formation of this amyloid is
thermodynamically very favorable, transition from the par-
tially folded solution conformation (6-8) [Aâ(solution)] to the
â-sheet amyloid conformation (9-11) [Aâ(amyloid)] is kineti-
cally limited (2, 10-14). Thus in AD, as in other protein
assembly disorders, understanding the kinetic nature of the
transition from Aâ(solution) to Aâ(transition state)and to Aâ(amyloid)

may illuminate the molecular etiology of the disease.

The process of AD amyloid plaque growth can be modeled
under near physiological conditions by monitoring the
addition or deposition of physiological concentrations (pM
to nM) of labeled monomeric Aâ onto preexisting amyloid
fibrils in human AD cortex (15-17). In sharp contrast to
the process of in vitro nascent amyloid formation (aggrega-
tion) (18, 19), stable Aâ addition onto preexisting amyloid
(deposition) follows linear time dependence and first-order
kinetic dependence on soluble Aâ concentration (17, 19, 20).
As in the prion diseases (21), a significant conformational
transition is critical to Aâ assembly and alterations in the
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energy barrier to this transition may influence susceptibility
to the disease (2, 12, 14). Further, the ability of soluble Aâ
to adopt a partially folded metastable conformation appears
critical for assembly of the peptide (2, 6, 8, 22).

On the basis of these observations, we hypothesize that
the conformation of Aâ(solution) is critical for interaction with
the amyloid template prior to the conformational transition.
In such a case, preassembled amyloid would help mediate
conversion of Aâ(solution) to Aâ(transition state)and eventually to
Aâ(amyloid) by providing a “template” to guide conformational
rearrangement by an induced fit mechanism. The recent
development of an immobilized synthetic Aâ amyloid
template (23, 24) has allowed us to examine early events in
Aâ deposition that precede stable association. Here we
illustrate that interaction with preexisting amyloid, and
perhaps with other templates, facilitates conversion of
Aâ(solution) to Aâ(amyloid).

EXPERIMENTAL PROCEDURES

Peptides and Radiotracers.Synthetic Aâ(1-40), Aâ(1-
42). and Aâ(1-40)-E22Q (all>98% pure), lots 0313615,
0311202, and 0321302, respectively, were purchased from
Quality Controlled Biochemicals (Hopkinton, MA). The
peptides were characterized by reversed-phase HPLC (RP-
HPLC), matrix-assisted laser desorption time-of-flight mass
spectrometry (MALDITOF-MS), and amino acid analysis
with satisfactory results in all cases. Peptides were stored
desiccated at-20 °C.

Peptides were radioiodinated as previously described (24).
Briefly, Aâ congeners were radiolabeled at tyrosine 10 by
oxidative iodination using Na125I and chloramine T. Peptide
and unincorporated iodide were separated by reversed-phase
adsorption. The oxidized methionine at position 35 was
reduced from the sulfoxide to native thioether form using
2-mercaptoethanol. The radiolabeled Aâ congeners were
purified by RP-HPLC to essentially quantitative specific
activity and were stored at-20 °C in the eluted HPLC
mobile phase. 2-Mercaptoethanol (0.5%) was added to all
stock tracer solutions to prevent oxidation during storage.
For double label experiments, [131I]A â(1-40) was prepared
using Na131I and the same method described for125I-Aâ. The
radiolabeled Aâ peptides produced by this method have been
found to accurately track unlabeled Aâ in a wide range of
experiments (24).

Aâ Deposition Experiments. Synthetic amyloid (syntha-
loid) templates were prepared by immobilizing highly
ordered fibrils in 96 well plates as described (23, 24). For
deposition on-rate experiments, [125I]A â(1-40) was diluted
to a final concentration of 100 pM in PBS (10 mM NaH2-
PO4/Na2HPO4, 100 mM NaCl, pH 7.5) containing 0.1% BSA
and incubated at room temperature with immobilized syn-
thetic amyloid fibrils in the wells of 96-well plates as
described. After the desired incubation, the radiolabeled Aâ
solution was removed and the fibrils were washed (3× 30
s with agitation) using an automated microplate washer. The
amount of radiolabeled Aâ incorporated into the fibrils was
then quantified byγ-counting. Control experiments were
performed using fibrils prepared from reverse sequence Aâ,
performed using peptide not deliberately aggregated, fibrils
prepared from reverse sequence Aâ, or wells containing no
aggregates; all these had negligible activity as templates.

Experiments were performed with at least five replicate and
three control wells at each time point.

For dissociation experiments, radiolabeled Aâ was loaded
onto the fibrils as described above. After the desired load
time, the remaining soluble radiolabeled Aâ was removed
and the fibrils rapidly rinsed (less than 30 s). The wells were
then soaked with buffer in the absence of free Aâ. To ensure
that the concentration of free Aâ remained negligible, the
soaking buffer was replaced frequently. At each time point,
the wash buffer was removed and the quantity of the
radiolabeled Aâ remaining bound to the template was
quantified byγ-counting.

For dissociation (off-rate) experiments of Aâ deposited
ex vivo onto brain amyloid, [125I]A â was deposited onto slide
mounted sections of unfixed cerebral cortex from an autopsy
confirmed case of AD (15-17, 24). After incubating with
the tissue for 10 or 1050 min, the radiolabeled Aâ solution
was removed and the tissue was briefly (5 s) rinsed with
buffer. The sections were then soaked in buffer for 5, 30,
120, and 360 min to examine dissociation of the deposited
Aâ. The sections were then imaged as dark-field autorad-
iograms, where light areas represent the sites and intensities
of radiolabeled Aâ deposition. Different film exposure times
were used for the short (10 min) and long (1050 min) load
time experiments so the images would be of comparable
intensity at the 5 min dissociation time.

For double label experiments, we utilized [125I]A â and
[131I]A â, which can be unambiguously distinguished by
γ-emission energies, to allow determination of the temporal
sequence of dissociation for alterations in pulse and chase
time length for exposure to a template of synthetic amyloid.
Following a pulse of one radiolabeled Aâ isotope and a chase
with the second radiolabeled Aâ isotope, dissociation times
for the two isotopes were measured as described above.
Results were indistinguishable whether125I and131I were used
for isotope A and isotope B, respectively, or isotope B and
isotope A, respectively.

RESULTS

To examine the mechanism of amyloid propagation, we
measured the deposition of radiolabeled Aâ at physiologi-
cally relevant concentrations onto a template of immobilized
synthetic Aâ fibrils. Consistent with previous results (16,
17, 23), the amount of Aâ deposited on the time scale of
hours displayed linear time dependence. However, examining
deposition on a much shorter time scale revealed more
complex kinetics (Figure 1). Aâ deposited onto the template
in two kinetically distinct phases, consistent with a multistep
process with a rate-limiting step. At short times (less than
30 min) or long times (greater than 2 h), the Aâ deposition
time course was linear (r2 ) 0.96 and 0.97, respectively),
with the slope of the first linear phase substantially (about
8-fold) greater than the slope of the second linear phase.

To examine how these processes affected the stability of
deposited Aâ, we determined dissociation rates of deposited
Aâ for each of several load times spanning both linear phases
and the intermediate portion of the deposition time course.
In contrast to what would be expected for a simple dissocia-
tion process, load time had a dramatic effect on the fraction
of Aâ that remained bound to the template over long
dissociation times (Figure 2a). When Aâ was deposited onto
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the template for a short time (within the first linear phase in
Figure 1), nearly all of the deposited peptide dissociated

within 2 h. In contrast, when Aâ was deposited over longer
load times (within the second linear phase of Figure 1), nearly
all of the deposited Aâ remained bound to the template for
the duration of the dissociation experiment (at least 3 days).
Further, the percentage of deposited Aâ remaining essentially
irreversibly bound to the template increased with deposition
load time, suggesting that irreversible amyloid accumulation
is directly related to the duration of time the depositing
peptide interacts with the amyloid template.

The dissociation time course measured at each of the load
times closely (r2 > 0.99) fits a double-exponential dissocia-
tion equation

where Y is the fraction of Aâ remaining bound to the
template,A is the fractional contribution and -k1 is the dis-
sociation rate constant of the first process,t is the dissociation
time, (1 - A) is the fractional contribution, and-k2 is the
dissociation rate constant of the second process, andC is a

FIGURE 1: Time course of radiolabeled Aâ deposition onto
immobilized amyloid fibrils. Error bars represent the standard
deviation of five replicates. Error bars that are not visible are smaller
than the symbols. The lines shown represent linear regression best
fits of the first and second linear phases,r2 ) 0.96 and 0.97,
respectively.

FIGURE 2: Dissociation of deposited Aâ. (a) Dissociation time course of deposited Aâ. [125I]A â was deposited onto synthetic amyloid
fibrils immobilized in 96 well plates for load times of 5 min (b), 30 min (O), 60 min (1), 180 min (3), 360 min (9), and 720 min (0).
Following the deposition incubation (load), the dissociation of deposited radiolabeled Aâ was measured for each load time by soaking the
immobilized fibrils with buffer. Values are reported as the percent of deposited [125I]A â remaining vs dissociation time. Error bars represent
the standard deviation of 5 measurements. (b) Relative contributions of a fast and a slow dissociation rate component to Aâ dissociation
time course. The dissociation time course data for each load time in panel a were fit to the double exponential equationY ) (A)e(-k1)t +
(1 - A)e(-k2)t + C. The relative contribution of the fast (reversible) dissociation rate component (A)e(-k1)t and the slow (irreversible) dissociation
rate component (1- A)e(-k2)t + C to each dissociation time course was plotted vs the load (deposition) time. Error bars represent the
uncertainty in the regression measurements of the equation components. (c) Dissociation of [125I]A â deposited onto brain amyloid was
measured for load times of 10 or 1050 min. Following the removal of the radiolabeled Aâ solution the dissociation of the deposited Aâ was
determined for 5, 30, 120, and 360 min off times. Images shown are dark-field autoradiograms, where light areas represent the sites and
intensities of radiolabeled Aâ deposition. Different film exposure times were used for the short (10 min) and long (1050 min) load time
experiments so the images would be of comparable intensity at the 5 min dissociation time.

Y ) (A)e(-k1)t + (1 - A)e(-k2)t + C
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constant. The first (faster) dissociation process had a half
time of 10.4( 2.1 min, while the half time for the second
(slower) dissociation process was at least 100-fold longer.
A constant,C, which represents the fraction of the material
that does not dissociate from the template on a time scale of
several days, was required for optimal fit.

While the rate constantsk1 andk2 did not appear to vary
as a function of load time, the fractional coefficients for the
two dissociation processes were strongly related to the time
the depositing peptide was exposed to the template. With
increased deposition load time, the contribution of the slow
dissociation process increased while the contribution of the
fast dissociation process correspondingly decreased (Figure
2b). Consistent with these observations, for the shortest load
times, the dissociation time course could be described by a
single-exponential decay with a rate constant similar to that
of the fast dissociation component (k1). Likewise for the
longest load times, the dissociation time course could be
described with a single-exponential decay equation with a
rate constant similar to that of the slow dissociation
component (k2). For intermediate load times, a single-
exponential decay equation fit the data poorly.

We also examined the dissociation properties of radiola-
beled Aâ deposited onto authentic brain amyloid in unfixed

sections of human AD cortex (Figure 2c). As was observed
for deposition onto synthetic amyloid fibrils, the fraction of
radiolabeled Aâ deposited onto brain amyloid in human brain
ex vivo, which remains irreversibly bound was strongly
dependent on the load time. When the labeled peptide was
exposed to the tissue amyloid for a short (10 min) load time,
very little (≈10%) of the deposited peptide remained bound
to the amyloid after 6 h. In contrast, when the labeled peptide
was exposed to the tissue amyloid for a long (1050 min)
load time, most (≈70%) of the deposited peptide remained
bound to the amyloid after 6 h. These results establish that
the dissociation of Aâ deposited onto authentic AD brain
amyloid, like Aâ deposited onto the synthetic amyloid
template, is highly dependent on the time the peptide
interacted with the template.

To further examine the mechanism of Aâ deposition, we
employed a double label pulse-chase experiment to determine
if the fast and slow dissociation rate processes were a
consequence of Aâ interaction with a common site or distinct
types of sites on the template. We utilized [125I]A â and
[131I]A â, which can be unambiguously distinguished by
γ-emission energies, to allow determination of the temporal
sequence of dissociation for alterations in pulse and chase
time length for exposure to a template of synthetic amyloid

FIGURE 3: Aâ deposited first dissociates last. A double-label pulse-chase experiment was performed using [125I]A â and [131I]A â to determine
the temporal order of the dissociation of Aâ deposited in the initial dock phase and the subsequent lock phase. (a) In the first experiment,
a pulse of Aâ-isotope A was incubated with the template for 6 h. Following this first incubation, the template was rapidly rinsed and then
incubated (chased) with Aâ-isotope B for 20 min. Following the second Aâ incubation, the dissociation time courses of the Aâ-isotope A
and Aâ-isotope B were measured. (b) In the second experiment, a pulse of Aâ-isotope B was incubated with the template for 20 min.
Following this first incubation, the template was rapidly rinsed and the template was incubated (chased) with Aâ-isotope A for 6 h. Following
the second Aâ incubation, the dissociation time courses of the Aâ-isotope B and the Aâ-isotope A were measured. Importantly, on a molar
basis, the amount of Aâ bound to the template during the short load was similar whether this load preceded or followed the 6 h load.
Results were indistinguishable whether125I and 131I were used for isotope A and isotope B, respectively, or isotope B and isotope A,
respectively. The results of this experiment establish that Aâ deposited during the reversible “dock” phase of deposition latter becomes
irreversibly “locked” onto the template.
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(Figure 3). Following a pulse of one radiolabeled Aâ isotope
and a chase with the second radiolabeled Aâ isotope,
dissociation times for the two isotopes were measured. When
a long pulse of “Aâ-isotope A” preceded a short chase of
the “Aâ-isotope B”, approximately 80% of the Aâ-isotope
A deposited onto the template over the long pulse remained
bound to the template (Figure 3a). However, nearly all of
the Aâ-isotope B deposited during the short chase rapidly
dissociated from the template (Figure 3a). In contrast, when
the short pulse of Aâ-isotope B preceded the long chase with
Aâ-isotope A (Figure 3b), essentially all of the Aâ-isotope
B deposited in the short pulse remained bound to the
template. These results demonstrate that while Aâ deposited
onto the template during a short load time is reversibly bound
to the template, the Aâ deposited during this short time later
becomes irreversibly incorporated into the template in a time-
dependent manner.

To further probe the relevance of our model of Aâ amyloid
propagation to human disease, we examined the deposition
kinetics of Aâ peptides bearing sequence alterations impli-
cated in increased risk for Aâ amyloidosis. A long form of
Aâ, Aâ(1-42), and an Aâ peptide with the single amino
acid substitution E22Q is strongly implicated in human Aâ
amyloidoses (4, 25, 26). When all three peptides were
examined under identical conditions, both Aâ(1-42) and
Aâ(1-40)-E22Q showed two-phase kinetics (not shown)
with an enhanced rate of locking relative to Aâ(1-40). A
substantially lower fraction of deposited Aâ(1-42) and Aâ-
(1-40)-E22Q relative to the wild-type Aâ(1-40) peptide
dissociated at load times ranging from 30 min (Figure 4a)
to 720 min (Figure 4b). When the molar amounts of
deposited peptide “locked” onto the template vs load times
were compared (Figure 4c), Aâ(1-40)-E22Q displayed the
greatest amount of Aâ congener locked with approximately
3-fold more deposited peptide locked than was observed for
Aâ(1-40). Similarly, Aâ(1-42) displayed substantially
(about 2-fold) more deposited peptide locked relative to Aâ-
(1-40). The rank order of the peptides Aâ(1-40)-E22Q>
Aâ(1-42)> Aâ(1-40) in their “lock” kinetics is consistent
with their overall amyloidogenicities expected from the age
of symptom onset in patients that produce these altered forms
of Aâ (4).

DISCUSSION

The kinetic data presented here support a model of amyloid
growth in which the depositing monomeric (7, 32) peptide
initially interacts with the Aâ fibril template in a reversible
manner. However, exposure to and interaction with the
template leads to a time-dependent transition in which the
Aâ molecules deposited earlier become irreversibly associ-
ated with the template by a distinct process. This observation
has several significant implications for understanding the
dynamics and mechanism of amyloid accumulation in AD
and inhibiting the process as a means of therapeutic interven-
tion (vide infra). Cruz et al. (27) have proposed a model of
amyloid plaque formation where Aâ assembly and disas-
sembly are critical factors in the dynamics of plaque
maturation. While our results establish the reversibility of
early interaction between the depositing peptide and the
template, a time-dependent transition to irreversible associa-
tion, most likely a critical factor in disease progression, is
also evident. The data presented here are thus consistent with

the presence of reversible and irreversible interactions in
amyloid and provide a mechanistic context in which such
interactions contribute to fibril growth in AD.

The results presented here establish that at physiological
concentrations (picomolar to nanomolar) and conditions
(PBS), at least in vitro, the most recently deposited Aâ pep-
tide is susceptible to dissociation, while molecules deposited
earlier are essentially irreversibly incorporated into the
growing fibril. Multiphase deposition kinetics have also been
reported (33) at much higher Aâ concentrations, using
surface plasmon resonance. Although agents that simply
lower the concentration of soluble Aâ would be expected to

FIGURE 4: Dissociation time courses of Aâ(1-40), Aâ(1-40)-
E22Q, and Aâ(1-42). (a) Radiolabeled Aâ(1-40), Aâ(1-40)-
E22Q, and Aâ(1-42) at identical concentrations were deposited
in parallel onto immobilized Aâ(1-40) fibrils for 30 min. Following
this incubation, the dissociation of the deposited peptides was
measured as described. (b) Dissociation time courses were also
measured following a 720 min load. (c) The amount of Aâ(1-40),
Aâ(1-40)-E22Q, and Aâ(1-42) “locked” (fmols remaining after
900 min of dissociation time) was quantified for each of several
load times ranging from 5 to 720 min.
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inhibit further amyloid deposition, the chemical stability of
“locked” Aâ suggests that they would be significantly less
effective at reducing existing amyloid burden. Consequently,
it is almost certain that the reduction of Aâ amyloid burden
following immunization of aged transgenic animals against
Aâ (28) is a consequence of a direct biological action on
the fibrillar amyloid rather than an indirect consequence of
an action on monomeric Aâ in solution. These observations
suggest that biological or chemical treatments that increased
microglial phagocytosis or other biological clearance of
fibrils, rather than simply increasing the clearance or
decreasing the production of monomeric Aâ, would be a
more successful strategy to reduce existing amyloid burden
present prior to treatment.

A key prediction of our two-phase kinetic model (Figure
5) of Aâ deposition is a break point in the time course
between the slope of the first linear phase and the second
linear phase, indicative of a rate-limiting slow step in the
steady-state process. It is likely that this break point is a
consequence of the buildup of docked Aâ, which would not
be expected to serve as a template for further Aâ deposition,
while Aâ that has locked may serve as a self-complementary
template for deposition of additional Aâ. Consequently, once
the steady-state between Aâ(solution) and Aâ(docked) has been
reached, the overall rate of Aâ deposition is limited by the
relatively slow conversion of Aâ(docked) to Aâ(locked).

While a conformational transition from the partially folded
monomer toâ-sheet is almost surely an essential component
in the conversion of Aâ(solution) to Aâ(amyloid) (1-3, 12), it is

critical to establish the molecular context in which such a
rearrangement occurs. The most parsimonious interpretation
of the present observations is that interaction with preexisting
amyloid guides and facilitates conversion of Aâ(solution) to
Aâ(amyloid). Our data support a steady-state model (Figure 5)
of Aâ amyloid growth in which at least two processes are
essential. The initial step of this mechanism is a reversible
pseudo-equilibrium between Aâ(solution) and Aâ(docked). Once
this dynamic is established, the slower rate-limiting step,
conversion of Aâ(docked) to Aâ(transition state), accounts for the
“kinetic trap” and the reduction in the slope of Aâ deposition
time course at later time points. A likely means by which
this may occur is an induced fit mechanism, in which the
growing fibril serves as a template to lower the activation
energy of the conversion of Aâ(solution) to Aâ(transition state)in a
manner similar to the way an enzyme or other catalyst directs
the positioning of a substrate to facilitate a chemical reaction.
Once Aâ(docked)has been converted to Aâ(transition state), conver-
sion to Aâ(locked) would occur relatively quickly. Thus, it is
likely that the time-dependent conversion of Aâ(docked) to
Aâ(locked) is a kinetic observation of the rate-limiting step in
the conformational transition of Aâ(solution) to Aâ(amyloid). After
conversion to Aâ(amyloid), the deposited peptide, newly locked,
could serve as a self-complementary template for deposition
of an additional Aâ monomer, consistent with observed
nonsaturability (2, 16). Template mediated conformational
transitions have also been hypothesized to contribute to the
conversion of PrPC to PrPSc in the prion diseases (21) and to
the assembly of viral coat proteins (29). Thus, several forms

FIGURE 5: Schematic model of Aâ deposition. The data presented here indicate that the process of Aâ deposition is mediated by at least
two steps. In the first step “dock” (1 to 2), depositing Aâ interacts with the amyloid template in a reversible manner. In the second step
“lock” (3 to 4), the “docked” Aâ undergoes a time dependent transition to irreversible interaction with the template. Finally, it is likely that
the “locked” Aâ can serve as a template for deposition of a subsequent Aâ monomer (5). Since Aâ deposition requires a conformational
transition in the depositing peptide, time-dependent conversion of Aâ(docked) to Aâ(locked) is most likely a kinetic observation of template
mediated conformational rearrangement.
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of normal and abnormal protein assembly may share this
mechanism.

While the present results indicate that preexisting amyloid
can serve as a specific template to guide the transition from
Aâ(soluble) to Aâ(amyloid) during amyloid growth, an important
factor in the initiation of AD would be the early events that
lead to de novo Aâ(amyloid) formation. Lansbury and co-
workers have proposed that at high concentrations (10-4 M),
synthetic Aâ spontaneously nucleates to form “seeds” which
later propagate to fibrils that grow by a nucleation indepen-
dent mechanism (30). However, the kinetics of Aâ nucleation
suggest that formation of a “seed” would take at least
thousands of years to occur spontaneously at physiological
(10-9 M) Aâ concentrations.

As Aâ fibrils can serve as a template to transform
Aâ(solution) to Aâ(amyloid) at physiological concentrations, it is
possible that other proteins can serve as a “molecular
scaffold” to guide the conversion of the semi-folded Aâ(solution)

monomer to an amyloid-like conformation which could
subsequently serve as a new template for Aâ assembly. Thus,
facilitated conformational rearrangement and subsequent Aâ
assembly is a potential mechanism by which the first steps
in Aâ amyloid formation may occur independent of unfa-
cilitated nucleation. Consistent with this hypothesis, a
component in conditioned cell media is competent to promote
Aâ assembly at physiological Aâ concentrations under
conditions where spontaneous Aâ nucleation does not occur
(31). Further, some proteins with substantialâ-sheet content
also serve as heterologous templates for Aâ assembly in vitro
by a nucleation-independent mechanism (not shown). Cohen
and Prusiner have proposed that an unidentified protein
termed “protein X” serves as a facilitator for the conversion
of PrPC to PrPSc in prion disorders (21). We suggest that the
mechanism of template-mediated conformational rearrange-
ment guided by homologous or heterologous proteins is
shared in Alzheimer’s disease and the prion diseases, among
other protein assembly processes.

The nonequilibrium kinetics and the thermodynamics of
Aâ amyloid assembly have suggested that only extremely
high-affinity inhibitors could slow the process. The present
study, however, demonstrates that AD has a kinetic vulner-
ability and illuminates an attractive target for therapeutic
intervention. [Other protein assembly disorders very likely
share with AD a kinetic vulnerability.] While Aâ is es-
sentially irreversibly incorporated into the growing fibril in
the “lock” phase of deposition, an initial reversible weak
“docking” interaction is required to enable subsequent
“locking” interactions between the template and the deposit-
ing peptide. Consequently, the affinity of a pharmacophore
for the amyloid template would need only be sufficient to
inhibit reversible low-affinity Aâ docking to inhibit the
subsequent irreversible lock phase of deposition and thus
block the transition from Aâ(solution) to Aâ(amyloid).
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