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Tauopathies are sporadic and genetic neurodegenerative dis-
eases characterized by aggregation of the microtubule-associ-
ated protein Tau. Tau pathology occurs in over 20 phenotypi-
cally distinct neurodegenerative diseases, including Alzheimer
disease and frontotemporal dementia. The molecular basis of
this diversity among sporadic tauopathies is unknown, but dis-
tinct fibrillar wild-type (WT) Tau conformations could play a
role. Using Fourier transform infrared spectroscopy, circular
dichroism, and electron microscopy, we show that WT Tau
fibrils and P301L/V337M Tau fibrils have distinct secondary
structures, fragilities, and morphologies. Furthermore, P301L/
V337M fibrillar seeds induce WT Tau monomer to form a novel
fibrillar conformation, termed WT*, that is maintained over
multiple seeding reactions. WT* has secondary structure, fragil-
ity, and morphology that are similar to P301L/V337M fibrils
and distinct from WT fibrils. WT Tau is thus capable of confor-
mational diversity that arises via templated conformation
change, as has been described for amyloid 8, 8,-microglobulin,
and prion proteins.

Tau filament deposition in Alzheimer disease, frontotempo-
ral dementia, and other tauopathies correlates closely with cog-
nitive dysfunction and cell death (1). About 10% of tauopathies
are due to dominant mutations in the Tau gene. These diseases
are collectively termed frontotemporal dementia with parkin-
sonism linked to chromosome 17, FTDP-17 (2—4). Most of the
mutations occur in the microtubule-binding region of the Tau
protein, which is thought to be both its functional (5) and
pathogenic (6) “core.” Approximately 90% of tauopathies
occur sporadically and involve only wild-type (WT)> Tau.
Both familial and sporadic tauopathies vary by regional
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involvement, disease duration, age of onset, Tau isoform
expression, and fibril morphology (7). It is unknown how the
pathology of WT Tau might generate distinct disease phe-
notypes in sporadic tauopathies, and whether conforma-
tional diversity of the protein could potentially play a role in
disease, as it does in prion disorders (8, 9).

Mutations in the Tau gene can generate conformationally
distinct Tau species. Structural differences between in vitro
prepared WT, G272V, N279K, P301L, V337M, and AK280 Tau
fibrils have been observed using Fourier transform infrared
spectroscopy (FTIR) (10), and differential susceptibilities to
protease cleavage in vitro have been described for WT and
P301L Tau fibrils (11). Furthermore, Tau filaments extracted
from diseased brain are often morphologically distinct, consist-
ing of straight or paired helical filaments of various periodicities
and widths (12). It is unknown whether WT Tau can assume
self-propagating, structurally distinct fibrillar conformations,
as has been described for amyloid 8 peptide (13), B,-micro-
globulin (14), and the prion protein (15). In this study, we have
used biochemical and biophysical methods to test the hypoth-
esis that WT Tau fibrils exhibit conformational diversity that is
maintained by templated conformation change.

EXPERIMENTAL PROCEDURES

Tau Expression and Purification—The microtubule-binding
region (amino acids 242-364 of the 441-amino acid Tau iso-
form) of WT Tau and the P301L/V337M Tau double mutation
(designated as MUT) used in all fibrillization reactions were
subcloned into pRK172 (a gift from Dr. Virginia Lee). Recom-
binant Tau microtubule-binding region was prepared as
described previously from Rosetta (DE3)pLacl competent
cells (Novagen), exploiting the heat stability of Tau protein,
followed by cation exchange chromatography (16). Single-
use aliquots were stored at —80 °C in 10 mm HEPES and 100
mm NaCl (pH 7.4).

Tau Fibrillization and Seeding Assays— 4 um Tau monomer
was incubated for the indicated times at room temperature
without agitation in 5 mwm dithiothreitol, 10 mm HEPES (pH
7.4), 100 mm NaCl, and 150 um arachidonic acid (Sigma-Al-
drich) (17). Tau appears in the insoluble fraction after a 15-h
fibrillization reaction and 100,000 X g ultracentrifugation.
Alternatively, seeded reactions were carried out using a 10%
aliquot from a fibrillization reaction (i.e. 0.4 uM total Tau pro-
tein) and 4 uM monomer in three successive incubations. The
primary fibrillization reaction was initiated with 150 um arachi-
donic acid. After 15 h, the secondary fibrillization was initiated
by exposure of 4 uM monomer to 10% of the primary reaction.

pCEEYE

VOLUME 284 -NUMBER 6+ FEBRUARY 6, 2009


http://www.jbc.org/cgi/content/full/M805627200/DC1

Wild-type Tau Undergoes Templated Conformation Change

After 3 h, the tertiary reaction was initiated by exposure of 4 um
monomer to 10% of the secondary reaction. After 3 h, the qua-
ternary reaction was initiated by exposure of 4 uMm monomer to
10% of the tertiary reaction, resulting in a 1,000-fold dilution of
the primary seed. The quaternary reaction was allowed to pro-
ceed for 96 h before further analysis. WT* was produced by
using primary MUT Tau as a seed for WT monomer in serial
seeding reactions (MUT seed WT seed WT seed WT).

Thioflavin T—When measuring the fibrillization rate of pri-
mary reactions, 12.5 uM thioflavin T (ThT; Sigma-Aldrich) was
included in the reaction (18). Measurements were recorded at
455 nm excitation/485 nm emission in a Safire plate reader
(Tecan) every 10 min for 1 h and every 30 min for the next 14 h.
When measuring the fibrillization rate of quaternary reactions,
12.5 mm ThT was mixed with aliquots of the quaternary reac-
tion every 24 h and measured as described above.

Fourier Transform Infrared Spectroscopy—W'T and MUT
Tau were polymerized through serially seeded reactions as
described above. The polymerized Tau from quaternary reac-
tions was pelleted by ultracentrifugation, resuspended in water,
and lyophilized for 48 h. The lyophilisates were resuspended in
D,O. Infrared absorbance spectra were recorded against pure
D,0. Buffers and salts did not interfere with the amide I ab-
sorption band (1700-1600 cm ™ '). For each sample, 64 double-
sided interferograms were scanned bidirectionally and aver-
aged on a PerkinElmer System 2000 FTIR spectrometer,
equipped with an MCT detector and purged with dry N,. Spec-
tra were recorded with a 2 cm™" instrument resolution, and
4-fold zero filling yielded one data point per 0.5 cm™'. Trace
signals from water vapor were eliminated with the suppression
algorithm of the software Spectrum GX V5 (PerkinElmer Life
Sciences). Additionally, low frequency noise was filtered with a
Fourier self-deconvolution algorithm atan 8 -10 cm ™' cutoffas
necessary, and the amide I band was base line-corrected. Sec-
ondary structure information was derived by amide I band
decomposition as described previously (19). Cauchy curves
were numerically determined to add up to the shape of the
amide I band. The Cauchy curve integrals were used to calcu-
late the fraction of secondary structure that is assigned to the
peak frequency of the curve. Curve fitting all amide I bands with
identical initialization parameters for the number of bands,
band position, width, and shape and the automatic determina-
tion of each intensity as well as the overall base-line values
resulted in a high sensitivity for structural changes. The sec-
ondary structure fractions presented in Fig. 2G were averaged
from six spectra (MUT aggregate from five) of two separate
aggregation assays. Thereby, we were able to suppress the neg-
ative effects of residual water vapor and to quantify the quality
of our analysis with the error bars presented.

Circular Dichroism—Primary and quaternary reactions
were ultracentrifuged at 100,000 X g for 1 h at room temper-
ature, and pellets were resuspended in phosphate-buffered
saline to a final concentration of ~4 uM prior to CD. Spectra
were recorded on a Jasco spectrometer and reflect four
accumulations.

Atomic Force Microscopy—Reactions were adsorbed onto
mica chips (Ted Pella, Inc.) for 2 min, washed twice with 200 ul
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of water, and allowed to dry for at least 1 h prior to tapping
mode atomic force microscopy (Veeco).

Fiber Fragility Assays—Whole primary and quaternary fibril-
lization reactions of WT, MUT, and WT* were dialyzed into
phosphate-buffered saline for 15 h. CD spectra were measured
from 250 to 200 nm, after which the reactions were sonicated
with a titanium probe on a Branson Sonifier 250 at 50% duty
and 10% intensity for 1 min, and CD spectra were again meas-
ured. The changes in WT, MUT, and WT* signals were com-
pared using Wilcoxon signed rank statistical analysis in fragility
assays. The data set (n = 6) presented meets all requirements
for this type of one-sided, two-tailed nonparametric analysis
(o < 0.025 and *, p = 0.0156 for all fragility assays).

Electron Microscopy—Quaternary fibrillization reactions
were adsorbed onto glow-discharged Formvar/carbon copper
grids (200 mesh; Ted Pella, Inc.). The grids were washed with
ammonium acetate buffer, stained with uranyl acetate, dried,
and viewed in an FEI Tecnai F20 electron microscope at 80 kV
and a standard magnification of X25,000 (20). Electron micro-
graphs were recorded with a Gatan UltraScan CCD camera.
The magnification was calibrated using negatively stained cat-
alase crystals and ferritin. The percentage of paired helical fila-
ments was compared between WT, MUT, and WT* quaternary
reactions using Student’s ¢ test. The data set (n = 3) presented
meets all requirements for this type of two-tailed, two-sample
equal variance analysis (*, p < 107°).

RESULTS

Fibril Seeding Strategy—W e established a protocol to create
pools of fibrillar protein under uniform conditions (Fig. 1, A
and B). The primary WT and MUT fibrillization reactions were
induced by arachidonic acid (17). The secondary reaction was a
seeded reaction in which 4 umM monomer was incubated with
10% of the primary reaction in the absence of arachidonic acid
for 3 h. The secondary seeding reaction was followed by two
additional seeding reactions to produce the tertiary and quater-
nary reactions (Fig. 14). To induce a novel fibrillar conforma-
tion of WT Tau, termed WT*, we performed a cross-seeding
reaction in which the primary MUT reaction was incubated
with WT monomer. Three serial seeding reactions were then
performed using WT monomer (Fig. 1B). After 96 h, quater-
nary reactions were ultracentrifuged, and the insoluble frac-
tions were compared using FTIR, CD, and EM. Whole reactions
were compared for fragility assays. We first determined the
extent of fibrillization and the fibrillization rate for each reac-
tion. In primary reactions, 81% of WT monomer and 89% of
MUT monomer were present in the insoluble fraction after 15 h
(Fig. 1, C and D), indicating that most of the protein was in an
aggregated form. Primary W'T and MUT reactions had similar
rates of fibrillization based on ThT fluorescence (Fig. 1E) (18).
In quaternary seeded reactions, WT and WT* also had similar
degrees of aggregation. 22% of WT and 21% of WT* quaternary
reactions were insoluble after 96 h (Fig. 1, Fand G). Monitoring
ThT fluorescence of the quaternary reactions produced a i, of
24 h for WT, 18 h for MUT, and 13 h for WT* (Fig. 1H). Despite
different ¢, values, all reactions reached a plateau by ~48 h.
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FIGURE 1. Fibril seeding. A, arachidonic acid (AA) is used to stimulate monomer fibrillization in the primary
reaction. In the secondary reaction, 10% of the primary reaction is used to seed the fibrillization of Tau mono-
mer. In the tertiary reaction, 10% of the secondary reaction is used to seed the fibrillization of Tau monomer. In
the quaternary reaction, 10% of the tertiary reaction is used to seed the fibrillization of Tau monomer. For
fragility studies, the whole quaternary reaction was used, uncentrifuged. For FTIR, CD, and EM, the quaternary
reaction was ultracentrifuged for 1 h at 100,000 X g, and the pellet was used for measurements. B, arachidonic
acid is used to stimulate WT or MUT fibrillization in the primary reaction. To generate WT fibrils, 10% of the
primary WT reaction is incubated with WT monomer, followed by three serial seeding reactions as described in
A. To generate MUT fibrils, 10% of the primary MUT reaction is incubated with MUT monomer, followed by
three serial seeding reactions as described in A. To generate WT* fibrils, 10% of the primary MUT reaction is
incubated with WT monomer, followed by three serial seeding reactions as described in A. C, after 15 h, primary
WT and MUT have comparable degrees of fibrillization as determined by solubility. Primary reactions were
ultracentrifuged for 1 hat 100,000 X g. The soluble (S) and insoluble (/) fractions were compared by Coomassie
stain. D, shown is quantification of three separate experiments. After 15 h, 81% of WT Tau monomer is insoluble
versus 89% of MUT Tau, indicating comparable degrees of fibrillization. E, primary WT and MUT fibrillization
reactions were initiated with arachidonic acid and measured over time using ThT fluorescence at ex,5s/em,gs.
Both reactions proceeded at a similar rate. mon., monomer. F, after 96 h, WT and WT* quaternary reactions have
comparable degrees of fibrillization. Quaternary reactions were ultracentrifuged for 1 h at 100,000 X g.
The soluble and insoluble fractions were compared by Coomassie stain. G, shown is quantification of three
separate experiments. After 96 h, 22% of WT Tau monomer is insoluble versus 21% of WT* Tau, indicating
comparable degrees of fibrillization. H, WT monomer, MUT monomer, WT, MUT, and WT* quaternary reactions
were monitored for 96 h using ThT fluorescence at ex,5s/em,gs. The t1/, values for WT, MUT, and WT* are 24, 18,
and 13 h, respectively. All reactions reach a plateau by ~48 h.

WT and WT* Fibrils Have Different Secondary Structures
Based on Fourier Transform Infrared Spectroscopy—We used
FTIR to compare monomer and quaternary fibril structures.
The applied data processing is extremely sensitive for structural
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differences, which enabled a
detailed comparison of the selected
Tau conformations. WT and MUT
monomer showed no appreciable
differences in their secondary struc-
ture (Fig. 2, A, B, and G). In contrast,
quaternary WT and MUT Tau
fibrils exhibited distinct FTIR spec-
tra. WT Tau had relatively more
heterogeneity in signal, partially
because of lower signal intensity,
but also possibly representing a
larger diversity of structures,
whereas MUT Tau was quite homo-
geneous (Fig. 2, C and D). Spectral
deconvolution indicated that, with a
significance level of 5% in a Stu-
dent’s ¢ test, WT fibrils contained
significantly more a-helix, signifi-
cantly less B-sheet, and relatively
less B-turn than MUT (Fig. 2G).
Likewise, quaternary WT* spectra
were clearly distinct from WT spec-
tra, with significantly less a-helical
and apparently greater random coil
content (Fig. 2, E and G). The abso-
lute values for the secondary struc-
ture fractions are only estimates
(approximately =10-15%) because
a structural template for calibration
of Tau secondary structure analysis
does not exist (19). Still, the applied
method is highly sensitive for spec-
tral differences between samples of
a similar origin (19, 21, 22). Thus,
although we cannot define with
absolute assurance the structure of
the fibrils, FTIR spectral differences
between WT and WT* fibrils are
clear.

WT and WT* Fibrils Have Dis-
tinct Secondary Structures Based on
Circular Dichroism—To extend the
FTIR studies, we used CD spectros-
copy to compare WT, MUT, and
WT* fibrils. We prepared primary
reactions as described above. After
15 h, we ultracentrifuged the reac-
tions and resuspended the pellets in
phosphate-buffered saline. The
MUT minimum occurred at 218 nm
versus 223 nm for WT fibrils. These
minima indicate that MUT fibrils
contain more [(-sheet structure

than WT fibrils and that WT fibrils contain more a-helix, con-
sistent with data obtained from FTIR. The minimum for MUT
fibrils was also consistently deeper than that of WT fibrils. We
then compared CD spectra of quaternary WT and WT* reac-

VOLUME 284 -NUMBER 6+ FEBRUARY 6, 2009



Wild-type Tau Undergoes Templated Conformation Change

WT mon. WT

MUT
1680 1650 1620
wavenumber/cm

MUT mon.
1680 1650 1620
wavenumber/cm!

1680 1650 1620
wavenumber/cm!

G 50 B f-sheet — .
M random coil — = ¥
W a-helix L

@ p-turns

2°%structure %

WT mon.

MUT mon. WT MUT wT*

FIGURE 2. FTIR analysis of WT, MUT, and WT* Tau. A, WT monomer (mon.).
B, MUT monomer. C-E, quaternary WT, quaternary MUT, and quaternary WT*
aggregates, respectively, prepared as described for FTIR. MUT (D) and WT* (E)
exhibit distinct spectra from C, WT. WT* aggregates (E) exhibit a red shift of
the amide | maximum to 1630 cm ™' compared with WT aggregates (~1634
cm ') and MUT aggregates (1632 cm ™). F, a curve fit example demonstrat-
ing the achieved accuracy (the calculated sum of band components superim-
poses the measured amide | band completely) and the five component bands
used. These describe (high to low wave number) B-turns, a-helix, random coil,
and B-sheet. For B-sheet, a high and a low frequency band were assumed
(dashed lines). In A-C and E, six spectra from two preparations are superim-
posed, and five are superimposed in D. The main reasons for the large varia-
bility of the spectra between 1665 and 1645 cm ™' were residual water vapor
and a low protein concentration in the samples, especially of WT fibrils. Scale
bars = 5 X 10~ 2 arbitrary units. G, quantification of A-E. The results presented
derive from curve fitting and averaging six spectra of two samples for each
condition; error bars represent the S.E. *, p < 0.05.

tions, prepared as previously described, again measuring only
the insoluble material. The CD spectrum of quaternary WT*
was clearly different from that of quaternary WT (Fig. 3B), also
with a deeper minimum signal. These data supported the con-
formational differences suggested by FTIR. Some quantitative
differences in WT spectra were observed between experiments,
possibly from variations in batches of arachidonic acid or Tau
protein preparations. Qualitative differences between WT and
MUT spectra were consistently observed within each experi-
ment (Fig. 3A). To assure that the spectra observed were due to
aggregates arising from the seeding reaction and not simply
those carried over from the primary reaction, we serially diluted
primary WT and MUT reactions. The resulting spectra from
the quaternary dilutions are non-existent (supplemental Fig.
1A); thus, aggregates in the primary seeding reaction (which are
diluted 1,000-fold) are not sufficient to produce the signals
observed in quaternary reactions. We also ruled out the possi-
bility that minor differences in protein concentration could
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FIGURE 3. CD analysis of WT, MUT, and WT* Tau fibrils. All compared sam-
ples had similar protein concentrations (<10% difference). A, insoluble mate-
rial from primary WT and MUT fibrillization reactions have distinct CD spectra.
B, insoluble material from quaternary WT and WT* fibrillization reactions have
distinct CD spectra. Spectra reflect four accumulations each. mdeg,
millidegrees.

account for the spectral differences between the samples (sup-
plemental Fig. 1B).

WT and WT* Fibrils Have Distinct Fragilities—Prior reports
indicate that Sup35 prion strains are differentially susceptible
to sonication-induced shearing (23), and long 3,-microglobu-
lin amyloid fibrils exhibit deeper CD spectroscopic minima at
223 nm than short fibrils (24), implying that CD changes before
and after sonication can be used to evaluate fibril strength. Con-
sequently, as an additional comparison of structural differences
between the fibril types, we developed a method to evaluate the
relative sensitivity of WT, MUT, and WT* fibrils to sonication-
induced breakage. First, we found that sonication treatment
disproportionately disrupted quaternary WT Tau fibrils, but
not MUT or WT* fibrils, based on atomic force microscopy
(Fig. 4, A-C). To quantify fragility, we compared the CD spectra
at 223 nm of the primary reactions before and after sonication
at 10% intensity. Like (3,-microglobulin fibrils, sonication of
Tau fibrils resulted in shorter fibrils that gave rise to a shallower
minimum at 223 nm. After six experiments, the relative loss of
MUT CD signal was 19% of the loss WT signal (Fig. 4D and
supplemental Fig. 2, A and B). MUT fibrils break down to an
extent similar to WT fibrils after sonication at 20% intensity
(data not shown). WT* fibrils were also stronger than WT
fibrils and less disrupted by sonication. Quaternary WT* fibrils
exhibited 21% of the loss of signal versus that of quaternary WT
fibrils (Fig. 4E and supplemental Fig. 2, C and D). Thus, the
differences between WT and WT* observed by FTIR and CD
spectroscopy are supported by distinct fibril fragilities.

WT and WT* Fibrils Have Different Morphologies Based on
Electron Microscopy—As a final comparison of the distinct
structures, we used negative stain EM to evaluate the morphol-
ogies of the three fibril types. WT fibrils consisted of predomi-
nantly paired helical filaments (Fig. 5, A and B), whereas MUT
Tau fibrils were more similar to straight filaments. They were
thinner, lacked the typical paired helical morphology, and dis-
played a higher degree of flexibility (Fig. 5, Cand D). WT* fibrils
were distinct from WT fibrils in their lack of predominant
paired helical structure and had similar curvature and width to
MUT Tau (Fig. 5, E and F). When three separate experiments
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WT MUT WT WT*

FIGURE 4. WT fibrils are more fragile than MUT and WT* fibrils. A, primary
WT fibrils were visualized by atomic force microscopy, untreated (U) and after
sonication (S). Scale bars = 0.25 um. B, identically prepared primary MUT
fibrils, untreated and after sonication, demonstrate the resistance of fibrils to
sonication. C, quaternary WT* fibrils, untreated and after sonication, demon-
strate the resistance of fibrils to sonication. D, quantification of the loss of CD
signal at 223 nm for WT and MUT primary Tau fibrillization reactions before
and after sonication indicates MUT fibrils are stronger than WT fibrils. Loss of
signal for MUT was calculated as a fraction of loss of signal for WT, which was
setto 100%. *, p = 0.0156 (n = 6). E, quantification of the loss of CD signal at
223 nm for WT and WT* quaternary Tau fibrillization reactions before and
after sonication indicates WT* Tau fibrils are stronger than WT fibrils. *, p =
0.0156 (n = 6). Loss of signal for WT* was calculated as a fraction of loss of
signal for WT, which was set to 100%.

were counted and quantified, we found significant differences
in the proportion of paired helical filaments in WT fibril prep-
arations versus MUT and in W'T versus WT*. 94% of WT fibrils
appeared as paired helical filaments, whereas only 2% of MUT
fibrils and 18% of WT* fibrils were helical in nature and instead
appeared as straight, flexible fibrils (Fig. 5G). Taken together
with the preceding experiments, these data confirm our find-
ings that WT Tau fibrils can adopt a distinct, stable, fibrillar
structure that is propagated via templated conformation
change.

DISCUSSION

In this study, we tested the hypothesis that WT Tau can
assume distinct fibrillar conformations that are propagated
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FIGURE 5. Negative stain electron microscopy of Tau fibrils. High (A) and
low (B) magnification EM images show that quaternary WT fibrils have a
paired helical filament morphology. In contrast, high (C) and low (D) magni-
fication EM images show that quaternary MUT fibrils have a distinct, curved
morphology that lacks the helical appearance of the WT fibrils. High (E) and
low (F) magnification EM images show that quaternary WT* fibrils have a
curved morphology similar to MUT Tau. Scale bars in A, C,and E = 1 um; scale
barsin B, D, and F = 0.1 um. G, shown is the quantification of three sepa-
rate experiments. 94% of quaternary WT fibrils are paired helical filaments
(PHF), whereas 2% of MUT fibrils and 18% of WT* are paired helical fila-
ments. *, p < 107>,

serially by templated conformation change. We have exploited
an artificial protein, MUT Tau, containing two disease-causing
mutations as a convenient tool with which to drive WT Tau
into a distinct fibrillar conformation, termed WT*. We have
compared WT, MUT, and WT* fibril conformations using four
independent measures: FTIR, CD spectroscopy, sensitivity to
sonication-induced breakage, and EM analysis of fibril mor-
phology. Each of these assays demonstrated that WT* repre-
sents a novel conformation of WT fibril that is maintained over
time through templated conformation change.

Our data are consistent with the idea that sporadic tauopa-
thies, which involve only WT Tau, might derive phenotypic
diversity from conformational differences in WT Tau fibrils. In
addition to MUT Tau fibrils, we have also observed that AK280
Tau fibrils can seed a new conformation of WT Tau (supple-
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mental Fig. 3), suggesting that the ability to induce WT Tau to
adopt unique conformations by templated conformation
change is not restricted to a particular seed. It remains to be
determined to what extent a mutant Tau protein in patients
can trigger misfolding of the wild-type and whether other
factors might play a role. Indeed, the stimuli that induce WT
Tau to form fibrils of a unique conformation in sporadic
tauopathy patients could be myriad: splice isoforms, post-
translational modifications, a heterologous seed (e.g. amy-
loid B), oxidation events, etc. Our experiments suggest a
theoretical framework with which to consider phenotypic
diversity in the sporadic tauopathies. Once WT Tau is sent
down a particular conformational path, whatever the incit-
ing stimulus, it maintains this distinct conformation via tem-
plated conformation change.

Recent evidence from studies of prion disease suggests a
strong link between the conformation of a fibrillar protein and
the resultant phenotype (8, 9). According to this model, once a
protein adopts a particular fibrillar conformation, that confor-
mation is propagated over time through subsequent seeded
fibrillization reactions. The properties of a given fibril type
(such as growth rate, fragility, and subsequent toxicity) play an
important role in specifying phenotypic features (23). Our
results support data reported by others that multiple amyloid-
forming proteins have the ability to form distinct conformers
based on templated conformation change (13, 14). Indeed, the
seeding barrier that has been reported between P301L mutant
Tau and WT Tau is reminiscent of prion strains (11, 25) and is
consistent with our hypothesis, which would allow for cross-
seeding barriers to exist between Tau mutants. Our studies
indicate that, like other amyloid proteins such as amyloid S,
B,-microglobulin, and prion protein, WT Tau can adopt mul-
tiple distinct fibrillar conformations that are maintained over
time via templated conformation change. In future experi-
ments, it will be fascinating to determine whether phenotypic
diversity in sporadic tauopathies can be linked to unique WT
Tau fibril conformations.
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