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Abstract

The formation of amyloid filaments through templated seeding is believed
to underlie the propagation of pathology in most human neurodegenerative
diseases. A widely used model system to study this process is to seed
amyloid filament formation in cultured cells using human brain extracts.
Here, we report the electron cryo-microscopy (cryo-EM) structures of tau
filaments from undifferentiated seeded SH-SY5Y cells, that transiently
expressed N-terminally HA-tagged 1N3R or 1N4R human tau, using brain
extracts from individuals with AD or CBD. Although the resulting filament
structures differed from those of the brain seeds, some degree of structural
templating was observed. Studying templated seeding in cultured cells, and
determining the structures of the resulting filaments, can thus provide

insights into the cellular aspects underlying neurodegenerative diseases.
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Introduction

The formation of abundant filamentous tau inclusions is a defining
characteristic of a number of neurodegenerative diseases, collectively
referred to as tauopathies (1). The identification of disease-causing
mutations in MAPT, the tau gene, in dominantly inherited forms of
frontotemporal dementia, together with the invariable presence of
abundant filamentous tau inclusions, established that the formation of tau

filaments is sufficient to cause neurodegeneration and dementia.

Six tau isoforms are expressed by alternative mRNA splicing in adult human
brains (2). Based on the expression (or not) of a 31 amino acid repeat,
they can be divided into three isoforms with 3 repeats each (3R) and three
isoforms with 4 repeats each (4R). Disease-associated filaments are made
of either 3R+4R tau, 3R tau or 4R tau. Work using electron cryo-microscopy
(cryo-EM) identified two distinct folds for 3R+4R tauopathies (3,4), one fold
for 3R tauopathies (5) and five folds for 4R tauopathies (6-8). Although
specific tau folds define different diseases, several conditions share a fold.
Commonalities in structure suggest that similar molecular mechanisms may

lead to the formation of amyloid filaments in these diseases.

Experimental evidence indicates that filamentous tau may spread through
templated seeding in human brains, reminiscent of prions. Thus, assembled
tau has been found to move from the outside to the inside of cultured cells

(9). Moreover, in the brains of transgenic mice, tau seeds induced the local
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aggregation of human tau, followed by the spread of tau assemblies to
distant brain regions (10). The observations that specific tau filament
structures characterise diseases and that these structures are identical in
different brain regions (8,11,12), support templated seeding. Two
assumptions are central to the hypothesis of templated seeding. The first
is that a small amount of tau filaments, the seed, amplifies filament
formation beyond the levels that would have happened spontaneously. The

second is that seeded tau filaments have the same structures as the seeds.

It is often assumed that seeds and seeded aggregates have identical
structures. However, when their structures were determined (seeds of
assembled a-synuclein from multiple system atrophy brains and seeded
aggregates of recombinant a-synuclein), they were different (13). Similar
experiments have not been done for tau. Here we transiently expressed N-
terminally HA-tagged 1N3R and 1N4R tau in SH-SY5Y cells, which were
exposed to tau seeds from the brain of an individual with either Alzheimer’s
disease (AD) or corticobasal degeneration (CBD). The structures of the

seeded aggregates were similar, but not identical, to those of the seeds.
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Results

Aggregation of tau in SH-SY5Y cells seeded with tau filaments from
Alzheimer’s disease or corticobasal degeneration

The cryo-EM structures of tau filaments were determined following seeded
aggregation in SH-SY5Y cells using AD and CBD seeds (Figures 1-4;
Supplementary Figure 1). In AD, abundant neurofibrillary lesions in
occipital cortex were immunoreactive with anti-tau antibodies AT8, RD3
and Anti-4R. In CBD, abundant neuronal and glial inclusions in putamen
were labelled by AT8 and RD4, but not RD3 (Supplementary Figure 2a).
Immunoblotting of sarkosyl-insoluble fractions with T46 showed major tau
bands of 60, 64 and 68 kDa and a minor band of 72 kDa in AD, and major
bands of 64 and 68 kDa in CBD. RD3 labelled the 60, 64 and 68 kDa bands
in AD, whereas RD4 visualised the 64, 68 and 72 kDa bands in AD, and the

64 and 68 kDa bands in CBD (Supplementary Figure 2b).

Sarkosyl-insoluble fractions were introduced by lipofection into SH-SY5Y
cells that transiently expressed N-terminally HA-tagged 1N3R or 1N4R tau
(Supplementary Figure 3a), as described (14). Immunoblot analysis of
sarkosyl-insoluble fractions from seeded SH-SY5Y cells showed
accumulation of HA-1N3R and HA-1N4R tau (Supplementary Figure 3b). By
immunoelectron microscopy, abundant filaments made of HA-1N3R tau or
HA-1N4R tau were in evidence following exposure to AD or CBD seeds

(Supplementary Figure 3c).
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Structure of HA-1N3R tau filaments seeded by extract of occipital
cortex from Alzheimer’s disease

Following seeding with extract from the occipital cortex of a patient with
AD, we observed a single filament type in sarkosyl-insoluble fractions of
SH-SY5Y cells that transiently expressed HA-1N3R tau. We calculated a
cryo-EM 3D reconstruction of this filament to 2.5 & resolution. The structure
revealed the presence of a single protofilament with a C-shaped fold (Figure
1). The ordered core comprises residues K274-E380 of 3R tau and consists
of one residue of R1, the whole of R3, the whole of R4 and 12 amino acids
of the C-terminal domain of tau. The protofilament, which comprises 8 B-
strands, is similar to the Alzheimer tau fold of paired helical filaments
(PHFs) and straight filaments (SFs) (3,11). The r.m.s.d. between the
seeded structure and PDB entry 6hre is 2.41 A. Besides the fact that PHFs
and SFs are always made of two identical protofilaments, the single
protofilament of the seeded structure has two minor conformational

differences with the Alzheimer tau fold (Figure 2).

The first difference is in the conformation of the 332PGGG33> motif. In PHFs,
there are inter-protofilament hydrogen bonds between the backbones of
G333 and G334, and between the side chain of Q336 and the backbone of
K331. In the structure of seeded aggregates, in the absence of a second
protofilament, residues 332PGGG33> adopt a different conformation, with the
main chain carbonyl of P332 and the main chain nitrogen atom of G333

forming hydrogen bonds within the protofilament along the helical axis
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instead. This alternative conformation leads to an opening of the C-shaped
fold compared to the AD fold. Moreover, there is an additional density in
front of H329 and K331 in the seeded structure that is not found in PHFs.
The molecules that form this density are probably negatively charged, so
that they can counter the positive charges of the side chains of H329 and
K331. In PHFs, K331 orients towards the side chain of E338 of the opposing
protofilament. Additional densities, in front of K317, K321 and B8 in the
inside of the C-shaped protofilament, are found in the tau folds of both
seeded aggregates and AD. In this region, the seeded structure is more
similar to AD SFs than to PHFs. AD SFs also have intra-protofilament
hydrogen bonds at P331 and G322, an additional density in front of H329
and K331 and a more open C-shaped fold. The seeded structure has an

overall r.m.s.d. of 1.79 & with AD SFs.

The second difference is in the C-terminal part of the ordered core.
Residues R379 and E380, which form part of 8 in the Alzheimer fold (11),
turn away from the opposing B1 in the seeded structure, with the side chain

of E380 forming a salt bridge with the side chain of K376.

Structure of HA-1N4R tau filaments seeded by extract from
putamen of corticobasal degeneration

Following seeding with extract from the putamen of a patient with CBD, we
initially observed a single filament type in sarkosyl-insoluble fractions of

SH-SY5Y cells that transiently expressed HA-1N4R tau. An initial 3D
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reconstruction revealed a four-layered fold with 9 pB-strands (p1-B9).
Smeared density around the C-terminus of the ordered core indicated that
the reconstruction was calculated from a mixture of different structures.
Two filament types were resolved by 3D classification, for which we
obtained resolutions of 2.5 and 2.3 A (Figure 3). They are identical between
residues 277 and 360, but filament type 1 has an additional 15 ordered
residues at the C-terminus. It extends from 363-377. Residues 364-367
form a hairpin, whereas residues 372-375 form a tenth p-strand (B10) that
packs against B9 (Figure 3). In type 2 filaments, these residues are

disordered.

The core shared between both filament types adopts a four-layered fold
that is similar to that of CBD (6,7). Residues 277-362 have almost identical
conformations, with an r.m.s.d. of 1.96 A between the seeded structures
and CBD filaments (Figure 4). The main differences are located in the
amino- and carboxy-terminal regions. In the carboxy-terminal part of the
CBD fold, residues 364-367 are in an extended conformation, whereas
amino acids 368-380 form a long B-strand (B11). The latter wraps around
an internal density that is coordinated by the side chains of K290 and K294
on one side of a large internal cavity and K370 on the other side. In the
seeded structures, residues 364-367 form a hairpin or are disordered. As a
result, there is no internal cavity and an additional density is only
coordinated by the side chains of K290 and K294. In the amino-terminal

part of the CBD fold, residues 274-280 form a p-strand that packs against
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the carboxy-terminal half of 11, closing the cavity. D283 forms part of a
sharp turn in the CBD fold and its side chain points outwards. In the seeded
structures, D283 is part of an extended B-strand that does not pack with
another strand and the side chain of D283 points towards the protofilament
core. The additional densities in both folds are also different in size. In the
plane perpendicular to the helical axis, the additional density in the CBD
fold has an elongated shape and measures 9 x 4 A. In the seeded
structures, the additional density is smaller and less elongated, measuring

approximately 5 x 4 A.

Discussion

Following seeding with the sarkosyl-insoluble fraction from AD brain,
abundant filaments of HA-1N3R tau with a single protofilament were
present that closely resembled the Alzheimer tau fold. As reported
previously (14), more seeded tau aggregates formed following expression
of HA-1IN3R than HA-1N4R tau. Tau filaments from AD, prion protein
amyloidoses, familial British dementia, familial Danish dementia and
primary age-related tauopathy are made almost entirely of R3, R4 and 10-
12 amino acids after R4, all of which are sequences that 3R and 4R tau
have in common (3,8,11,12,15). It is therefore not surprising that tau
filaments from the brains of individuals with AD are made of all six tau

isoforms (16). It remains unclear why seeding of SH-SY5Y cells with the
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sarkosyl-insoluble fraction from AD brain is more efficient with expression

of HA-1N3R tau than HA-1N4R tau.

Our findings with seeds from AD and CBD brains raise the question of why
seeded tau aggregates were made of a single rather than two identical tau
protofilaments. In extracts from AD brains, only filaments with two
protofilaments have been observed. In extracts from human CBD brains,
both filaments with a single and a double protofilament have been
observed. Previous work using recombinant amino and carboxy- truncated
tau fragments has shown that they assembled into AD PHFs with two
identical protofilaments. Single protofilaments with the AD fold were
observed following the extension and pseudo-phosphorylation of the
fragments at the carboxy-terminus (17). It remains to be determined if the
carboxy-terminal region of tau, or the presence of only the 1N3R isoform,
is inhibitory towards the formation of protofilament doublets in human
brains. It also remains to be shown if PHFs, SFs or CBD filaments with two
protofilaments made of full-length tau form by the gradual merging of two

protofilaments over time.

Following seeding with the sarkosyl-insoluble fraction from CBD brain, we
observed two types of filaments that were made of a single protofilament
of HA-1N4R tau that resembled the CBD tau fold. The two filament types
differed in the carboxy-terminal regions of their ordered cores. Seeded

aggregates were not observed upon expression of HA-1N3R tau, which is
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in agreement with the observation that 3R tau monomers cannot be
incorporated into the CBD fold (7). The main differences between the CBD
fold and those of the seeded aggregates were in the region flanking a large
internal cavity in the CBD fold that contains an additional density of
unknown molecular composition. In seeded aggregates, there was no
cavity and the additional density was smaller than in CBD. It therefore
appears likely that the additional densities in the seeded structures and the
CBD fold are made of different molecules. It remains to be established if
the shape of the amyloid fold and its cavity determine the size of the density
or if it is the density that determines the shape of the amyloid fold and its

cavity.

In conclusion, we show that seeded aggregation of SH-SY5Y cells that
express HA-tagged 1N3R or 1N4R tau, with extracts of AD or CBD brains,
yields structures that resemble, but are not identical to, the seed
structures. Thus, similar to our previous observations for the in vitro
assembly of purified, recombinant a-synuclein (13), one cannot assume
that the seeded amyloid structures are correctly replicated in cell-based
seeded aggregation experiments. Whether it is relevant that the correct
structures are replicated will depend on the scope of the seeded
aggregation experiments. Still, our observations suggest that some degree
of templating is taking place when SH-SY5Y cells are seeded with brain
extracts of AD or CBD brains. Thereby, these types of experiments hold the

potential to inform on cellular aspects of disease. Since specific filament
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structures define different diseases, investigating which cell types replicate
the same structures observed in disease could help to identify the cell types
that are important in disease. AD is characterised by abundant tau
inclusions in nerve cells, the formation of which may begin in the entorhinal
cortex (18). CBD is characterised by abundant neuronal and glial tau
inclusions, with astrocytic plaques being pathognomonic (19). It has been
suggested that CBD may begin as an astrogliopathy, with neuronal
inclusions becoming the predominant lesion type in advanced disease (20).
The undifferentiated SH-SY5Y cells used in this study may be imperfect
models of any type of brain cells. Therefore, future experiments should
investigate the effects of seeding with brain extracts from AD, CBD and
other diseases on the structures of seeded filaments on a variety of cell

types, including neurons, glial cells, and differentiated SH-SY5Y cells.

Materials and Methods

Tau seeds

AD was in a 65-year-old female from the U.K. who died with a
clinicopathological diagnosis following a 9-year history of progressive
dementia. This case has not been described previously. CBD was in a 74-
year-old female from Japan that has been described before [case 1 in (7)].
Sarkosyl-insoluble fractions were prepared from occipital cortex of the AD
case and putamen of the CBD case, as described (21). Briefly, 0.25 g of

brain tissue was homogenised in 20 vol (w/v) extraction buffer (10 mM
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Tris-HCI, pH 7.5, containing 10% sucrose, 0.8 M NaCl, 1 mM EGTA).
Homogenates were brought to 2% sarkosyl and incubated for 30 min at
37° C. Following a 10 min centrifugation at 27,000g, the supernatants were
spun at 113,000g for 20 min at room temperature. The pellets were
resuspended in 500 ul extraction buffer and spun again at 113,000g for 20
min. Sarkosyl-insoluble pellets were the tau seeds; they were resuspended
in 640 ul/g saline, sonicated 10 times for 1 s each at power output 4
(TAITEC VP-5s) and used for lipofection into SH-SY5Y cells and

immunoblotting.

Cell culture

Human neuroblastoma SH-SY5Y cells (22) were cultured at 37° C and
95%02/5%CO0O; in Dulbecco’s modified Eagle/F-12 medium (DMEM/F-12,
Sigma Aldrich), supplemented with 10% foetal calf serum, 1% penicillin-
streptomycin glutamine (Gibco) and 1% MEM non-essential amino acid
solution (Gibco). They were plated at 3 x 10> cells/well and grown to 60-
70% confluence in collagen-coated six-well plates, prior to transfection with
2 ug pcDNA3.1 encoding N-terminally HA-tagged human 1N3R tau or 1N4R
tau (14) using X-tremeGENE 9 (Roche Life Sciences), following the
manufacturer’s instructions. Cells were incubated for 8 h at 37° C, before
introduction of 2 ul seeds (diluted 1:5) using MultiFectam (Promega),
following the manufacturer’s instructions. Transiently transfected and

seeded SH-SY5Y cells were grown for 3 days at 37° C.
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Seeded tau filaments from SH-SY5Y cells

SH-SY5Y cells were washed with PBS and harvested with 1 ml extraction
buffer containing 1% sarkosyl. Cell extracts were then sonicated on ice for
15 s using 5 cycles of 3 s on and 3 s off (Seiko Biomic 7040 Ultrasonic
Processor). After a 30 min incubation at 37° C, the cell extracts were spun
at 113,000g at room temperature for 20 min. Supernatants served as the
sarkosyl-soluble fractions; pellets were washed in 30 mM Tris-HCI, pH 7.5,
and spun again at 113,000g for 20 min. These sarkosyl-insoluble pellets
were the seeded tau aggregates; they were resuspended in 50 ul 30 mM
Tris-HCI, pH 7.5, sonicated and used for immunoblotting and
immunoelectron microscopy. Prior to cryo-EM, the sarkosyl-insoluble

fractions were stored at -80° C.

Antibodies

The following anti-tau antibodies were used: T46 (mouse monoclonal,
specific for residues 404-441, Thermo Fisher Scientific); TauC (mouse
monoclonal, specific for residues 429-441, Cosmobio); RD3 (mouse
monoclonal, specific for 209-224, Millipore); RD4 (mouse monoclonal,
specific for 275-291, Millipore); anti-4R (rabbit polyclonal, specific for 275-
291); AT8 (mouse monoclonal, specific for pS202 and pT205, Thermo
Fisher Scientific); pS396 (mouse monoclonal, specific for pS396,
Calbiochem). Monoclonal and polyclonal anti-HA antibodies (HA3663 and

H6908) were purchased from Sigma Fine Chemicals.
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Immunoblotting and immunohistochemistry

Immunoblotting was performed as described (21). Sarkosyl-insoluble and
sarkosyl-soluble fractions were added to SDS-sample buffer and boiled for
3 min. They were separated on 4-20% polyacrylamide gradient gels (Wako)
or on home-made 10% polyacrylamide gels (Wako). Protein concentrations
were determined using a BCA kit (Thermo Fisher Scientific). For
immunohistochemistry, brain tissues were fixed using 10% formalin
neutral buffer solution (Wako) and embedded in paraffin. Following
deparaffinisation, the sections were autoclaved in 10 mM citrate buffer (pH
6.0) at 120° C for 10 min and treated with 100% formic acid for 10 min.
After washing in water, the sections were incubated with 3% hydrogen
peroxide in PBS for 30 min, blocked with 10% foetal calf serum in PBS
containing 0.3% Triton X-100 and incubated overnight in primary
antibodies at room temperature. Following incubation with biotinylated
secondary (Vector Laboratories) for 1 h, labelling was developed with
diaminobenzidine for 20 min, using an avidin-biotin complex staining kit

(Vector Laboratories).

Immunoelectron microscopy
Immunoelectron microscopy was performed as described (21). Briefly,
sarkosyl-insoluble fractions were dropped onto carbon-coated 300-mesh

copper grids (Nissin EM). The grids were immunostained with anti-HA
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antibody (1:100) and anti-pS396 tau antibody (1:100). Secondary
antibodies were conjugated to 5 nm gold particles (Cytodiagnostics, 1:50).
Immunostained grids were negatively stained with 2% phosphotungstic
acid and dried. Images were recorded using a JEOL JEM-1400 electron

microscope, at a magnification of X15,000.

Electron cryo-microscopy

Pellets from 6-well seeded plates were resuspended in 10 ul of 50 mM Tris,
pH 7.4, 50 mM NaCl. Three ul were applied to glow-discharged (Edwards
S150B) holey carbon grids (Quantifoil Au R1.2/1.3, 300 mesh) that were
plunge-frozen in liquid ethane using Vitrobot Mark IV (Thermo Fisher
Scientific) at 100% humidity and 4° C. Cryo-EM images were collected on
a G4 Titan Krios electron microscope operated at 300 kV and equipped with
a cold field-emission gun (CFEG), a Selectris X energy filter and a Falcon-4
direct electron detector at the Research and Development Facility of
Thermo Fisher Scientific (Eindhoven, The Netherlands). Images were
recorded at a dose of 40 electrons per A2, using EPU software and converted
to tiff format using relion_convert_to_tiff prior to processing. See

Supplementary Table 1 for additional data collection parameters.

Helical reconstruction
Datasets were processed in RELION using standard amyloid helical
reconstruction procedures. Movie frames were gain corrected, aligned and

dose weighted using RELION’s own motion correction program (23).
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Contrast transfer function (CTF) parameters were estimated using
CTFFIND4-1 (24). Subsequent image-processing steps were performed
using helical reconstruction methods in RELION (25). Filaments were auto-
picked using the helical implementation of Topaz. Particles were extracted
in box sizes of 1028 or 768 and down-scaled to 256 or 128 pixels.
Reference-free 2D classification was used to discard suboptimal images and
measure cross-over distances for initial model calculation using
relion_helix_inimodel2d (26). 3D auto-refinements were performed using
standard procedures in RELION, including optimisation of the helical twist
and rise parameters. 3D classification without performing angular searches
was used to separate the two types of HA-1N4R tau filaments obtained by
seeding with extracts from putamen of CBD and to select optimal particles
for final refinements. To improve the resolution of the maps, Bayesian
polishing and CTF refinement were performed (27). Final maps were
sharpened using post-processing procedures in RELION and their
resolutions calculated based on the Fourier shell correlation (FSC) between

two independently refined half-maps at 0.143 (28).

Model building

Atomic models of tau filaments from AD- and CBD-seeded SH-SY5Y cells
were built using initial models with PDB accession codes 7gkk and 6tjx (29).
Atomic refinement was performed in ISOLDE using three rungs. Dihedral
angles from the middle rung were set as a template for the rungs above

and below. For each structure, Phenix refinement was performed of the first
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half-map. The resulting model was compared to this half-map and the
second half-map to confirm the absence of overfitting (Supplementary
Figure 1). Further details of model refinement, validation and statistics are

given in Supplementary Table 1.
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Figure 1: Tau structure in SH-SY5Y cells seeded with filaments from
Alzheimer’s disease. a. Amino acid sequence of tau residues 244-398
coloured by repeat: R1 is purple; R2 is blue; R3 is green; R4 is yellow; the
C-terminal domain is orange. b. XY-cross-section of the reconstructed
density with a projected thickness of approximately 1 p-rung (4.75 A).
Extra densities are indicated with yellow arrows. c. Reconstructed density
(in transparent white) and atomic model (with the same colours as in panel
a). d. Schematic of the residues in the structure. Positively charged
residues are shown in blue; negatively charged residues in red; polar
residues in green; apolar residues in white; cysteines in yellow; glycines in

pink and prolines in purple.
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Figure 2: Comparison of the seeded structure and the structure of
the seeds from Alzheimer’s disease. a. Overlay of main-chain traces of
the seeded structure (grey) and the PHF (blue) and SF (green) from
Alzheimer’s disease (AD), aligned on the tip of the C-shaped fold (residues
336-358). b-f. Detailed views of the 332PGGGQ33® motif with the same
colours as in panel a. Intra-protofilament hydrogen bonds are shown with
blue dashed lines and inter-protofilament hydrogen bonds with yellow and
green dashed lines. Panels b and c are top views of the comparison between
the seeded structure and the PHF and SF, respectively. Panels d-f are side
views of the seeded structure, the PHF and the SF, respectively. g. Overlay
of main chain traces of the seeded structure, the PHF and the SF, aligned
on the ends of the C-shaped fold (residues 358-376). h-j. Detailed views
of the C-terminal part of the ordered cores of the seeded structure, the PHF

and the SF, respectively.
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Figure 3: Tau structure in SH-SY5Y cells seeded with filaments from
corticobasal degeneration. a. Amino acid sequence of tau residues 244-
398. b. XY-cross-section of the reconstructed density with a projected
thickness of approximately 1 g-rung (4.75 R). Extra densities are indicated
with yellow, pink and blue arrows. c. Reconstructed density and atomic
model. d. Schematic of the residues in the structure. Colours are as in

Figure 1.
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Figure 4: Comparison of the seeded structure and the structure of
the seeds from corticobasal degeneration. a. Overlay of main-chain
traces of the seeded structures (type 1 in red; type 2 in orange) and the
type II filaments from corticobasal degeneration (CBD in purple) aligned on
residues 283-362. b. Detailed view of residues 356-377 in the type 1
seeded structure. c. Detailed view of residues 356-380 in the CBD Type II
filament. d-e. Top and side views of the extra density in the type 1 seeded
structure. f-g. Top and side views of the extra density in the type 2 seeded
structure. h-i. Top and side views of the extra density in the CBD type II

filament.
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Supplementary Figure 1: Cryo-EM structure determination. a-b.

Representative micrographs of tau filaments from SH-SY5Y cells seeded

with filaments from Alzheimer’s disease and corticobasal degeneration,
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respectively. c-d. Side views of reconstructed density of tau filaments from
SH-SY5Y cells seeded with filaments from Alzheimer’s disease and
corticobasal degeneration, respectively. e-f. Fourier shell correlation (FSC)
curves for tau filaments from SH-SY5Y cells seeded with filaments from
Alzheimer’s disease and corticobasal degeneration, respectively. Solvent-
corrected FSC curves between independently refined half-maps are shown
in black; FSC curves between the refined model and the reconstruction
from all particles are shown in red; FSC curves between a model refined
against half map 1 against half map 1 are shown in dashed yellow; FSC
curves of the same model against half map 2 are shown in blue. In panels

d and f, the seeded structure type 1 is shown above type 2.
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Supplementary Figure 2: Imunohistochemistry and

immunoblotting of AD and CBD cases.

a. Immunostaining of sections from occipital cortex of the Alzheimer’s
disease case and putamen of the corticobasal dewgeneration case using
anti-tau antibodies AT8, RD3, Anti-4R and RD4. Scale bar, 25 mm.

b. Immunoblotting of sarkosyl-insoluble fractions from occipital cortex of
the Alzheimer's disease case and putamen of the corticobasal

degeneration case using anti-tau antibodies T46, RD3 and Anti-4R.
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Supplementary Figure 3: Immunoblotting and immunoelectron
microscopy of tau assemblies from the sarkosyl-insoluble fractions
of SH-SY5Y cells.
a. Schematic of the seeded tau aggregation model.
b. Immunoblotting of sarkosyl-insoluble tau from seeded SH-SY5Y
cells using anti-HA and pS396 tau antibodies. Total tau was detected
in the sarkosyl-soluble fraction using anti-tau antibody TaucC.
c. Immunoelectron microscopy of sarkosyl-insoluble tau frojm seeded
SH-SY5Y cells using anti-HA and anti-pS396 tau antibodies. The
secondary antibody was conjugated to 5 nm gold particles. Scale bar,

200 nm.
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Supplementary Table 1

Titan Krios G3

Data acquisition
Electron gun
Detector

Energy filter slit (eV)
Magnification
Voltage (kV)
Electron dose (e-/A?)
Defocus range (uM)
Pixel size (A)

Data processing

Initial particle images (no.)
Final particle images (no.)
Helical twist (°)

Helical rise (A)

Symmetry imposed

Map resolution FSC 0.143 (A)

Refinement
Initial model used (PDB code)
Model resolution FSC 0.5 (A)
Map sharpening B factor (A?)
Model composition
Non-hydrogen atoms
Protein residues
Ligands
B factors (A?)
Protein
Ligand
R.m.s. deviations
Bond lengths (A)
Bond angles (°)
Validation
MolProbity score
Clashscore
Poor rotamers (%)
Ramachandran plot
Favored (%)
Allowed (%)
Disallowed (%)

SH-SY5Y
1N3R
(EMDB-xxxx)
(PDB XXXX)

CFEG
Falcon 4
10
165,000
300

40
0.5t02.5
0.727

146,442
16,052
-1.48
4.75

na

25

7qkk
2.5
-28.31

1770
231
0

72.28
na

0.01
2179

117
0.55
0

92.00
8.00
0

SH-SY5Y
1N4R
(EMDB-xxxx)
(PDB XXXX)

CFEG
Falcon 4
10
165,000
300

40
0.5t02.5
0.727

218,385
35,617
-0.84
4.75

na

25

6tjx
25
-24.20

2271
303
0

88.16
na

0.01
1.272

0.85
0
0

94.95
5.05
0

SH-SY5Y
1N4R
(EMDB-xxxx)
(PDB XXXX)

CFEG
Falcon 4
10
165,000
300

40
0.5t02.5
0.727

218,385
75,380
-0.92
4.75

na

23

6tjx
24
-26.89

1941
258
0

77.56
na

0.01
1.263

0.58
0
0

97.62
2.38
0
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