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An increasing number of studies continue to show that the
amyloid B (Ap) peptide adopts an alternative conformation and
acquires transmissibility; hence, it becomes a prion. Here, we re-
port on the attributes of two strains of A prions formed from
synthetic Ap peptides composed of either 40 or 42 residues. Mod-
ifying the conditions for Ap polymerization increased both the
protease resistance and prion infectivity compared with an earlier
study. Approximately 150 d after intracerebral inoculation, both
synthetic Ap40 and AB42 prions produced a sustained rise in the
bioluminescence imaging signal in the brains of bigenic Tg(APP23:
Gfap-luc) mice, indicative of astrocytic gliosis. Pathological inves-
tigations showed that synthetic AB40 prions produced amyloid
plaques containing both Ap40 and AB42 in the brains of inoculated
bigenic mice, whereas synthetic Ap42 prions stimulated the forma-
tion of smaller, more numerous plaques composed predominantly
of Ap42. Synthetic Ap40 preparations consisted of long straight
fibrils; in contrast, the Ap42 fibrils were much shorter. Addition
of 3.47 mM (0.1%) SDS to the polymerization reaction produced
Ap42 fibrils that were indistinguishable from Ap40 fibrils produced
in the absence or presence of SDS. Moreover, the A amyloid
plaques in the brains of bigenic mice inoculated with Ap42 prions
prepared in the presence of SDS were similar to those found in
mice that received AB40 prions. From these results, we conclude
that the composition of A plaques depends on the conformation
of the inoculated Ap polymers, and thus, these inocula represent
distinct synthetic Ap prion strains.

Alzheimer’s disease | in vitro | neurodegenerative diseases

Izheimer’s disease (AD) is a slowly progressive dementia

characterized by the extracellular deposition of amyloid
B (AB) peptide and the intraneuronal accumulation of neurofi-
brillary tangles composed of tau. Although most AD cases are
sporadic, some are caused by mutations in the APP gene or
components of the y-secretase enzyme complex (1). To explain the
late onset of heritable AD, one of us (S.B.P.) proposed that a
second event must occur, which is the sustained accumulation of
AB prions (2). Notably, mutations in the tau gene do not cause
AD; rather, they are responsible for some familial forms of the
frontotemporal dementias (3).

With the discovery that both kuru and Creutzfeldt-Jakob dis-
ease (CJD) are transmissible to apes and monkeys, Goudsmit
et al. attempted to transmit AD to monkeys. Initially, they
reported that two cases of familial AD (fAD) transmitted a CJD-
like disease to monkeys, but this was not repeatable (4). These
negative findings created a dichotomy in the minds of many
investigators who assumed that AD, in contrast to CJD, could
not be transmitted experimentally.

The inoculation of marmosets with brain homogenates from
sporadic AD, fAD, or Down syndrome cases provided the first
evidence for the transmissibility of AD (5). The recipient animals
developed AP amyloid deposits in their brains, but control-
inoculated primates did not. An experimental system in rodents
for measuring Ap prions was developed using Tg(APP23) mice
that express the human APP gene carrying the Swedish mutation

WWww.pnas.org/cgi/doi/10.1073/pnas. 1408968111

(6). This mutation encodes the substitution of two amino acids in
APP that results in elevated levels of WT Ap peptides in the
brains of both patients and Tg(APP23) mice (7, 8). Both in-
tracerebral and i.p. inoculation of Tg(APP23) mice accelerated
the deposition of AP aggregates, many of which coalesced into
amyloid plaques (9). To monitor Af prion replication in vivo, we
used bioluminescence imaging (BLI) to measure the up-regulation
of glial fibrillary acidic protein (GFAP) (10). To test whether Ap
or an unknown molecule in our purified preparations caused the
BLI signal to increase, we polymerized synthetic Ap40 into amy-
loid and injected the samples intracerebrally into Tg(APP23:Gfap-
luc) mice (11). At ~220 d postinoculation (dpi), the mice exhibited
an increase in the BLI signal that correlated with widespread am-
yloid deposition, arguing that Ap40 peptides in a prion conforma-
tion are sufficient to stimulate nascent Ap amyloid deposition.
Because Af42 is more neurotoxic and amyloidogenic than
Ap40, we investigated the differences in transmissibility of the
two peptides. Using a modified protocol, we polymerized both
synthetic AP40 and AP42 into amyloids and inoculated the
polymeric preparations intracerebrally into Tg(APP23:Gfap-luc)
mice. We report here that Ap42 amyloid preparations exhibited
structural differences and produced neuropathological changes
that are distinct from those of AB40. Although the AB40 prions
produced cerebral deposits composed of both AB40 and Ap42
amyloid, Ap42 prions induced small plaques containing pre-
dominantly Ap42. SDS perturbed the polymerization of Ap42,
resulting in amyloid that was indistinguishable ultrastructurally
from Ap40. Inoculation of the Ap42 prions prepared with SDS
resulted in the deposition of large amyloid plaques containing

Significance

Alzheimer’s disease is the most common neurodegenerative
disorder; it is a progressive dementia for which there is cur-
rently no effective therapeutic intervention. The brains of
patients with Alzheimer’s disease exhibit numerous amyloid
(AB) amyloid plaques and tau-laden neurofibrillary tangles. Our
studies show that synthetic Ap peptides can form prions that
infect mice and induce Ap amyloid plaque pathology. Two
different Ap prion strains were produced from Af peptides.
When injected into transgenic mice, one Af strain produced
large plaques and the other strain induced small but more
numerous plaques. Our findings may help to delineate the
molecular pathogenesis of Alzheimer’'s disease and the de-
velopment of anti-Af prion therapeutics.
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Fig. 1. Formation of synthetic Ap40 (A and C) and Ap42 (B and D) prions.

(A and B) Kinetics of amyloid formation of Ap40 (A) and Ap42 (B) in NaP

(dashed line) or NaP/SDS (solid line) buffer at 37 °C under constant agitation.

The reaction with buffer alone (dotted line) is shown as a control. Fibril

formation was measured by the increase in ThT (10 pM) fluorescence. (C and

D) Silver-stained SDS/PAGE of the Ap40 (C) or AB42 (D) amyloids revealed PK-

resistant fractions (A concentration, 0.2 mg/mL; PK concentration, 0.05 mg/mL).

Molecular weight markers of migrated protein standards are shown in
kilodaltons.

both Ap40 and AP42 that were similar to those induced by
Ap40 prions.

Results

Having found that synthetic A peptides could be folded into
a conformation that became self-propagating (11), we asked if
altering the folding conditions might increase the specific in-
fectivity of our preparations. We began by dispersing the ly-
ophilized AB40 and AP42 peptides in hexafluoroisopropanol that
has been widely used to denature AP peptides before resus-
pension in DMSO and subsequent dilution in aqueous buffers
(12). We chose two different conditions for the formation of
amyloids fibrils from synthetic AB40 and Ap42: the first consisted
of 10 mM sodium phosphate (NaP) buffer at neutral pH (7.4)
and the second was 10 mM NaP with the addition of 3.47 mM
[0.1% (wt/vol)] SDS. This lower concentration of SDS was
chosen because 8.67 mM [0.25% (wt/vol)] SDS prevented amy-
loid fibril formation as monitored by Thioflavin T (ThT) fluo-
rescence (Fig. S1).

Ap40 amyloid fibrils formed in the NaP buffer after a lag
phase of ~4 h (Fig. 14, dashed line), whereas addition of 0.1%
SDS shortened the lag phase to ~1 h (solid line). In contrast,
when AB42 amyloid fibrils were formed without SDS, a lag phase
was virtually absent (Fig. 1B, dashed line), whereas addition of SDS
resulted in a lag phase of ~2 h (solid line). After the Ap amyloids
were formed, the samples were centrifuged at 100,000 x g for 1 h
at 4 °C, the supernatant was discarded, and the pellet was resus-
pended in PBS and used for the studies described below.

Each of the amyloidogenic Ap samples was assayed for re-
sistance to limited proteolysis by measuring the amount of Af (200
pg/mL) remaining in the sample after incubation with proteinase
K (PK; 50 pg/mL) for 1 h at 37 °C. As shown by silver-stained
SDS/PAGE, the majority of both AB40 and Ap42 in the presence
or absence of 0.1% SDS resisted degradation (Fig. 1 C and D).

Following biochemical characterization, polymerized Af sam-
ples were also examined by transmission electron microscopy
(TEM) (Fig. 2 and Fig. S2). In samples composed of Ap40 that

10330 | www.pnas.org/cgi/doi/10.1073/pnas. 1408968111

were polymerized in NaP buffer, numerous straight fibrils were
observed after negative staining with 2% (wt/vol) ammonium
molybdate (Fig. 24). For Ap42, we found both long straight
fibrils and numerous short ones of <100 nm in length (Fig. 2B),
which were scarce in the AP40 preparations. Addition of 0.1%
SDS did not dramatically alter the appearance of the AB40 fibrils
(Fig. 2C) but profoundly changed the morphology of the Ap42
fibrils. The short AP42 fibrils disappeared, and longer fibrils
composed of visible subfilaments with occasional twists were ob-
served (Fig. 2D), but no regular periodicity could be discerned.

As described above, the polymerized AP peptide preparations
were resistant to limited PK digestion, which also did not alter
the ultrastructure of Ap40 or Ap42 polymers as shown by TEM
(Fig. S2). This finding is consistent with our earlier study reporting
that the morphology of the fibrils purified from the brains of Tg
(APP23) mice was unaltered by limited proteolysis (11).

To measure the AP prion infectivity of Ap40 and AP42 prep-
arations, we intracerebrally inoculated aliquots into 6-wk-old
Tg(APP23:Gfap-luc) mice and measured the BLI signal at 14-d
intervals. At ~150 dpi, the BLI signal in the brains of mice
injected with Ap40 or Ap42 began to exhibit a sustained increase,
whereas the bioluminescence in uninoculated mice remained
unchanged (Fig. 34 and B). The increase in the BLI signal reflects
the elevated expression of the luciferase transgene, which is driven
by the Gfap promoter and therefore reflects the up-regulation of
the Gfap gene induced by AB deposition (10).

At 330 dpi, the bigenic mice were killed, and their brains were
removed for biochemical and histopathological studies. Levels of
PK-resistant Ap were markedly increased in the brains of in-
oculated bigenic mice compared to uninoculated controls (Fig. 3
C-F). The brain levels of protease-resistant AP were similar
whether the inoculated mice received AB40 or AP42 prions;
moreover, polymerization of A in the presence of 0.1% SDS did
not alter the brain levels of protease-resistant Af.

We measured by ELISA the relative accumulation of Ap40
and Ap42 peptides in the brains of the inoculated mice (Fig. S3).
As shown, the levels of both AB40 and Ap42 increased 5- to
10-fold after inoculation with either Ap40 or Ap42 formed in the
absence of SDS (Fig. S34). Similar results were seen with Ap40
and Ap42 prions formed in the presence of SDS (Fig. S3B).

10 mM NaP
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Fig. 2. Electron micrographs of synthetic Ap40 (A and C) and Ap42 (B and D)
prions. In the absence of SDS, both short and long fibrils were found in AB40
preparations (A) but mostly short fibrils were observed in AB42 samples (B).
Addition of 3.47 mM SDS to the conversion reaction resulted in long fibrillar
aggregates, creating similar structures from Ap40 (C) and Ap42 (D). (Scale
bars, 100 nm.)
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To assess the regional deposition of Af, fixed sections were
immunostained with 4G8 anti-Ap mAb (Covance). All of the
inoculated mice exhibited A plaques distributed along the
corpus callosum proximal to the CAl region of the hippocampus
(Fig. S3 C-F), which appears to be an inoculation-dependent phe-
notype for prion transmission in rodents. This pathologic signature
of prion transmission to rodents was first recognized in mice in-
oculated with scrapie prions composed of the prion protein (PrP)
(13) and more recently with the transmission of Af prions (6, 10,
11). Adjacent sections were stained with Thioflavin S (ThioS) or
H&E to assess amyloid deposition and brain histopathology,
respectively (Fig. S4). The A plaques stained intensely with ThioS,
demonstrating the accumulation of Af amyloid fibrils, which was
ndependent of the AP isoform used for inoculation. Ap42-
inoculated Tg(APP23) mice killed at 30 dpi did not show any
residual inoculum (Fig. S5), demonstrating that the pathology
observed at 330 dpi was due to nascent AP prion deposition.

Next, we measured the number and size of plaques in the
brains of mice inoculated with Ap40 or AB42 and killed at 330
dpi. Brain sections were stained with ThioS to determine the
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number of amyloid plaques and immunostained for GFAP as
a marker for reactive astrocytes. Mice injected with synthetic
Ap42 prions formed with NaP alone contained significantly more
individual plaques (Fig. 4 and Fig. S6) than those receiving Ap40
prions formed under the same condition (Fig. 4 and Fig. S6). The
greater plaque number was accompanied by a reduction in plaque
size (Fig. 4), which was consistent with the overall amount of ac-
cumulated AP being similar for the two experiments (Fig. S3.4 and
B). The greater number of plaques was also accompanied by a more
intense astrocytic gliosis (Fig. 4), which may be a consequence of
plaque number and composition. When synthetic A prions pre-
pared with 0.1% SDS were injected, the difference in the number of
amyloid plaques and the severity of astrocytic gliosis induced by
AP42 prions were no longer evident (Fig. 4 and Fig. S6).

Having found elevated brain levels of Ap40 and Ap42 (Fig. S3 4
and B) and that different synthetic Ap prions produce distinct size
distributions of ThioS-positive plaques (Fig. 4), we speculated that
these differences are caused by the molecular composition of in-
dividual plaques. To investigate this possibility, we analyzed the
deposits by double immunofluorescent labeling with antibodies

ub

(th)(NaIJ%"ASDS) I\Fag:(N;lgSDS)

Fig. 4. Reactive astrogliosis associated with the induced deposition patterns of synthetic Ap prions. Quantification of ThioS-positive plaques in the corpus
callosum and dorsal CA1 hippocampal field. The size (Left) and number (Center) of induced amyloid plaques were significantly different following inoculation
with synthetic Ap42 and AB40 prions formed with NaP alone; these differences were not observed for the Ap peptides polymerized in the presence of SDS. The
greater number of plaques in animals inoculated with synthetic AB42(NaP) prions was accompanied by significantly increased reactive astrogliosis (Right).
Data shown as mean + SEM acquired from three to five animals per experimental group (***P < 0.001, ****P < 0.0001; ns, not significant).
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specific to Ap40 and Ap42 using confocal fluorescence microscopy.
Despite similarities in total Ap levels in bigenic mice inoculated with
either AB40 or AB42, the patterns of Ap deposition were dramati-
cally different when compared and quantified using AB40- and
ApP42-specific mAbs. Following inoculation of AB40 prions pre-
pared in the absence of SDS, bigenic mice showed plaques along
the corpus callosum proximal to the CAl region of the hippo-
campus; these plaques were composed of more AB40 than Ap42
(Fig. 54 and Fig. S74). In contrast, bigenic mice inoculated with
AP42 prions (prepared in the absence of SDS) produced more
plaques that were widely scattered along the corpus callosum; these
plaques were composed predominantly of Ap42 (Fig. 5B and Fig.
S7B). The differences in plaque composition, distribution, and
abundance were abolished when the synthetic Ap prions were
prepared in the presence of 0.1% SDS. The plaques contained
similar amounts of Ap40 and AB42, and they were tightly distrib-
uted along the corpus callosum (Fig. 5 C and D and Fig. S7 C and
D). Age-matched controls showed very few plaques (Fig. 5E and
Fig. STE), but as expected, an uninoculated 2-y-old, control bigenic
mouse showed widely distributed plaques (Fig. 5F and Fig. S7F).
These different pathogenic signatures demonstrated that in-
oculation of a particular Af prion preparation does not simply
accelerate the spontaneous phenotype found in old Tg(APP23)
mice, but it also dictates the histopathological phenotype.
Although the plaques that accompanied infection with AB40 and
AP42 prions prepared without SDS were compact, those induced by
A prions prepared in the presence of SDS were more diffuse (Fig. 6,
cf. A and B to C and D). To quantify the differences in plaque
composition, we compiled high-resolution, confocal z-stacks of pla-
ques in the corpus callosum and cerebral cortex. Following image
acquisition, we analyzed the relative fluorescence levels of Ap42 and
AP40 antibody labeling in individual plaques. In control mice that
developed spontaneous disease (2 y old), the relative AB40/Ap42
fluorescence ratio in hippocampal plaques was ~1.5, which did not
change on inoculation with AB40 prions prepared in the absence of
SDS (Fig. 6G). In contrast, synthetic AB42 prions produced in the
absence of SDS induced plaques with significantly higher levels of
Ap42 antibody labeling, reducing the AB40/Ap42 ratio to ~0.8 (P <
0.0001). Following inoculation with either AB40 or Ap42 pre-
pared in the presence of SDS, the resulting Ap40/Ap42 ratios
were similar, indicating that no isoform-specific differences
were induced. Similar findings were obtained in the adjacent
cerebral cortex area, demonstrating that isoform-specific self-
propagation was not restricted to a single brain region (Fig. 6H).
The specificity for isoform-specific seeding was even more
pronounced when we quantified small diffuse plaques containing

only Ap42 that had weak to no ThioS labeling (Fig. S8). We
evaluated entire brain hemispheres for the occurrence of these
plaques and found them to be mostly present in the cortices of
mice inoculated with Ap42(NaP) prions, whereas they were rarely
found in age-matched controls or mice inoculated with Ap40
(NaP), Ap40(NaP/SDS), or AB42(NaP/SDS) prions. Moreover,
these diffuse AP42 plaques are known to appear spontaneously
only in much older animals that exhibit a large amyloid burden,
suggesting that synthetic Ap42(NaP) prions specifically seeded
the appearance of these particular plaques (14).

Discussion

In the studies reported here, we described the more efficient
production of synthetic Ap prions using an alternative procedure
for the polymerization of AP peptides into amyloid fibrils com-
pared with earlier studies (11). Our current preparation method
rendered the majority of the AP peptides resistant to limited
proteolysis and reduced the BLI incubation time by ~100 d
compared with our previous study, in which <10% of the syn-
thetic Ap peptide was protease resistant (Figs. 1 and 3). Dif-
ferences in the Ap40 and Ap42 prion preparations were reflected
in the pathological phenotypes in the brains of Tg(APP23:Gfap-
luc) mice. Moreover, the properties of the AB42 prions that dis-
tinguished them from the AB40 prions could be abolished by per-
forming the polymerization reaction in the presence of 0.1% SDS.
The synthetic AB42 prions were found to be distinct from the
Ap40 prions when prepared in the absence of SDS in several
respects. First, the AB42 amyloid polymers formed more rapidly
than the Ap40 fibrils, as measured by ThT fluorescence (Fig. 1).
Second, AB42 fibrils were relatively short but polymerized into
much longer structures when prepared in the presence of SDS
(Fig. 2). Third, inoculation of synthetic AB40 prions induced
large amyloid plaques that were composed predominantly of
AP40 resulting in an AP40/AB42 ratio of ~1.5 (Fig. 6). Ap42
prions produced significantly more but smaller amyloid plaques;
these plaques were found in the corpus callosum, hippocampus,
and cerebral cortex (Figs. 5 and 6) with an AB40/Ap42 ratio
of ~0.8. Our findings are consistent with surface plasmon reso-
nance measurements showing that homogeneous interactions
between these peptides are preferred over heterogeneous inter-
actions (15); a similar phenomenon was found with PrP prions
in Tg mice expressing both hamster and mouse PrP (16).
Although AB40 and Ap42 are the two most abundant peptides
cleaved from APP by y-secretase, several other AP peptides have
also been identified, including Ap38 and Ap43. These different-
length peptides result from the infidelity of y-secretase and

controls

age matched
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controls.

Fig. 5. Composition of Ap deposition in the
brains of Tg(APP23:Gfap-luc) mice inoculated
with synthetic AB40 (Left) or AB42 (Right)
prepared in NaP or NaP/SDS. (A-D) Fixed brain
slices from mice at ~330 dpi were double-
immunolabeled for Ap40 (red) and Ap42
(green). Different immunolabeling patterns
were observed along the corpus callosum fol-
lowing inoculation with AB40(NaP) (A) and
Ap42(NaP) (B). In contrast, following inocula-
tion with AB40(NaP/SDS) (C) and Ap42(NaP/SDS)
(D), no difference in the pattern of amyloid
deposition could be detected. Fixed brain slices
from uninoculated, age-matched mouse (405 d
of age, E) and a spontaneously ill, 2-y-old
mouse (F) are shown as controls. Micrographs
were taken with a Leica SP8 confocal micro-
scope. (Scale bar in A applies to all panels,
100 pm.)

NaP/SDS

spontaneous
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Fig. 6. Synthetic Ap42 formed under NaP buffer induces a significant in-
crease in Ap42 levels associated with individual plaques. (A-F) Fixed brain
slices double-immunolabeled for AB40 (red) and Ap42 (green) were imaged
by confocal microscopy (63 x 1.2 NA). Confocal Z-projections of images show
plaques in the corpus callosum of mice inoculated with synthetic AB40 (A
and C) or Ap42 (B and D) formed in NaP (A and B) or in NaP/sSDS (C and D).
Slices were taken from mice killed at 330 d after inoculation. Z-projections
from an age-matched mouse (E; 405 d of age) and a spontaneously ill, 2-y-
old mouse (F) are shown for comparison. (Scale bar in A applies to B-F,
15 pm.) (G and H) Quantification of the relative AB40/Ap42 fluorescence ratio
per individual plaque in confocal Z-projections. Injection with Ap42(NaP)
resulted in a significant increase in Ap42 deposition in hippocampal
(G; ****P < 0.0001) and cerebral cortex areas (H; **P < 0.01) compared with
mice inoculated with Ap40(NaP). Data shown as mean + SEM acquired from
three to five animals per experimental group (ns, not significant).

complicate the interpretation of many AD studies, including the
data reported here. Our findings with Ap42 demonstrated that
two preparations with and without 0.1% SDS resulted in pro-
foundly different physical and biological properties. These dif-
ferences argue for the existence of distinct Ap prion strains.
For many years, the existence of prion strains was used as an
argument against the proposal that prions causing scrapie of
sheep and CJD could be composed solely of protein (17). A
frequent refrain was that the biological variation manifest by
different strains of scrapie prions demanded the presence of a
nucleic acid. Subsequently, evidence was found for the suggestion
that prion strains represent different conformers of PrP%° (18-21).
The discovery of yeast prions accelerated biophysical studies
showing that two different [PSI'] prion stains have distinct struc-
tures (22, 23). More recently, it was possible to produce different
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strains of PrP prions by varying the conditions of polymerization of
recombinant mouse PrP(89-230) (24).

The analysis of different prion strains has been facilitated
when the amino acid sequence of the precursor protein remains
constant. However, in some instances, the human PrP residue
129 and murine PrP positions at 108 and 189 are polymorphic
(25-28). The difficulties surrounding studies of Af prion strains
are highlighted by a study using Tg(APP23) and Tg(APPPS1)
mice: the former produce much more AB40 than AP42, whereas
the latter produced the opposite (29). The ratio of AB40/AB42 was
significantly higher when Tg(APP23) mice were inoculated with
brain extracts from Tg(APP23) mice than with extracts from Tg
(APPPS1) mice. When Tg(APPPS1) mice were inoculated with
the two extracts, no significant difference in the Ap40/Ap42 ratio
was found between the two groups. These findings were inter-
preted as evidence for the strain-like properties of Ap prions. In
contrast, the studies reported here used synthetic Ap peptides, and
the inocula contained either AB40 or AB42 but not both.

Although differences in polymerization kinetics persisted after
addition of SDS (Fig. 1), the ultrastructure of Ap42 fibrils be-
came indistinguishable from that of Ap40 fibrils prepared in the
presence or absence of SDS, arguing for a similar quaternary
structure (Fig. 2). Consistent with the TEM results, the synthetic
AP42 prions prepared in the presence of SDS produced Ap
plaques with an AB40/Ap42 ratio of ~1.5, similar to that found
with AB40 prions prepared with or without SDS (Figs. 5 and 6).

The conformational manipulation of the PrP protein with SDS
was initially used to induce a p sheet-rich state in recombinant and
natural occurring PrP (30) and was later used to promote amyloid
formation (31, 32). The anionic surface created by SDS has been
found to promote fibril formation for a variety of proteins (33). In
earlier studies by others, 0.2% SDS was reported to induce globular
aggregates of AP; moreover, no fibrils were detected by atomic
force microscopy (34). Our findings are consistent with those of
others, who found that SDS initially induced globular aggregates of
AB, which later assembled spontaneously into fibrils (35).

From the data presented here, we conclude that two strains of
synthetic Ap42 prions were formed: the first strain was formed in
the absence of SDS and the second was formed in the presence
of 0.1% SDS. We found that comparing the two AB42 prion
strains to the Ap40 prions instructive: first, AB40 and Ap42 prions
prepared in the absence of SDS exhibited different physical and
biological properties. Second, AB40 prions prepared in either the
absence or presence of SDS were virtually indistinguishable from
Ap42 prions prepared in the presence of SDS with respect to their
physical and biological properties. Structural studies of AP pep-
tides from the brains of AD patients (36) provide a possible ex-
planation for the observed differences in morphology between
synthetic Ap40 and AB42 prions. Val39 and Val40 are buried near
the core, interacting with other hydrophobic residues, leaving only
a small space to accommodate the additional two C-terminal
residues of Ap42. It will be interesting to determine whether AB40
and Ap42 (with and without SDS) are conformationally homo-
geneous or represent a mixture of conformational isoforms.

As noted above, the production of both AB40 and AB42 in the
brains of mice may preclude us from passaging our synthetic strains
in an environment where we can test if they breed true; neverthe-
less, such studies are in progress. When we compared WT A
prions to those from a patient who died of fAD caused by the Arctic
mutation E22G, we found that this substitution reduced the con-
formational stability of the protease-resistant Af and significantly
increased the perivascular deposition of Ap38 in the brains of Tg
(APP23:Gfap-luc) mice (37). Moreover, this pathology persisted on
serial passage in these bigenic mice that produce only WT Ap.

In AD, the pathogenesis is likely to be more complex than
can be modeled in rodents considering the much larger number
of neurons in the human brain, increased diversity of neural cell
types, and the much longer time frame for the disease to manifest.
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Furthermore, when brain samples from AD patients were ana-
lyzed for A peptides, a plethora of distinct Ap isoforms was found
(38). Our findings with Ap40 and AP42 prions raise the possibility
that all Ap isoforms may adopt distinct conformations, each of
which undergoes self-propagation. This molecular mixture of Ap
prion strains may be partially responsible for the variations in
clinical and pathological presentations observed in patients with
AD. An example for this phenomenon was recently demonstrated
in patients with fAD mutations within the Ap sequence (amino
acids 1-42): some mutations within the Af sequence seemed to
stimulate the incorporation of Ap38 into plaques and perivascular
areas (39).

It seems likely that deciphering and cataloging strains of Ap
prions in the brains of AD patients will prove critical in de-
veloping accurate and informative molecular diagnostics, which
may be just as important in creating therapeutics. Studies of anti-
PrP prion drugs have demonstrated the development of drug-
resistant and -dependent strains of prions (40-42). Moreover, we
found that distinct PrP prion strains responded differently to
drugs that prolonged the lives of mice (41). The insights gained
from studies of synthetic Ap prions should aid in deciphering the
molecular pathogenesis of AD, for which there is not any med-
icine that halts or even slows this dementing illness.

Material and Methods

Preparation of Synthetic Ap Aggregates. The WT Ap40/42 peptide was pur-
chased from Bachem. Lyophilized peptides were dissolved to 5 mg/mL in
hexafluoroisopropanol (HFIP) and separated in 200-ug aliquots. HFIP was
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evaporated in a speedvac and stored at —20 °C. For conversion, the dried
peptide film was solubilized in 20 uL DMSO and diluted with 980 pL of
aqueous buffer solutions containing 10 mM NaP with or without 3.47 mM
SDS. Samples were incubated at 37 °C for 72 h in 1.5-mL centrifugation
tubes under constant agitation at 900 rpm. The resulting samples were
spun down for 1 h at 100,000 x g, and the pellet was resuspended in 100 pL PBS
at 2 mg/mL. Samples were further analyzed or diluted, snap-frozen in liquid
nitrogen, and stored at —80 °C before inoculation.

PK Digestion of Synthetic and Brain-Derived Ap Aggregates. After incubation
for 72 h at 37 °C, synthetic Ap samples in PBS were adjusted to 0.2 mg/mL
with PBS, and PK (Thermo Scientific) was added to a final concentration of
50 pg/mL. After digestion for 1 h at 37 °C under constant agitation, the
reaction was stopped by the addition of 1 mM PMSF. NuPAGE sample buffer
(4x; Invitrogen) was added to a final concentration of 1x before SDS/PAGE.
For digestion of brain-derived aggregates, 500 pg of total protein was pre-
pared in 500 pL of lysis buffer (PBS, 0.5% deoxycholate, 0.5% Nonidet P-40)
containing 20 pg/mL PK (PK:protein ratio of 1:50). Digestions were per-
formed at 37 °C for 1 h under constant agitation and then stopped by the
addition of 1 mM PMSF. Samples were ultracentrifuged for 1 h at 100,000 x g,
and the resulting pellet was resuspended in 50 pL of 1x NUPAGE sample buffer.
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