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Box 1. The Tauopathies

• The Tauopathies
• Alzheimer’s disease
• Tangle-only dementia
• Chronic traumatic encephalopathy 
• Argyrophilic grain disease
• Progressive supranuclear palsy
• Corticobasal degeneration
• Globular glial tauopathy 
• Pick’s disease
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There are six isoforms of the Tau protein, generated 
by alternative splicing of mRNA transcripts from 
the MAPT gene, and distinguished by the number 
of repeats of the microtubule binding domain motif 
within their structure. Some have three repeats (3R 
Tau) comprising R1, R3 and R4, and others four repeats 
(4R Tau) comprising R1, R2, R3 and R4. 

Academic scientists and Pharma companies 
have spent years trying to destabilize Tau aggregates 
in in vitro assays and disease models, in an attempt 
to develop treatments or better diagnostic tools 
for these Tauopathies. To date, these efforts have 
been unsuccessful, hampered by a lack of structural 
information about the Tau filaments. 

That is not to say they haven’t had blueprints to 
work with; in the late 1980s and early 1990s seminal 
papers were published describing the structure of the 
misfolded Tau that underlies Alzheimer’s disease. A 
negative staining approach was used, but unfortunately 
the resolution needed to model the protein in three-
dimensions, at a resolution below 20 Angstroms was 
not achievable at that time (for structural biology, the 
lower the number of Angstroms, the better). 

Seeing Tau at the atomic level

In 2017, a collaboration between scientists at the MRC’s 
Laboratory of Molecular Biology (LMB) in Cambridge 
UK, spearheaded by group leaders Dr Michel Goedert 
and Dr Sjors Scheres solved the three-dimensional 
atomic structure of the human Tau filaments that 
causes Alzheimer’s disease at the atomic level, using 
cryo-electron microscopy (Cryo-EM).

However, they have a dark side. When Tau isoforms 
become hyperphosphorylated they misfold and 
aggregate, forming fibrillary tangles that build up 
within cells, rupturing membranes and killing the host 
cells, before being taken up by surrounding cells to 
induce further Tau misfolding. 

Prion-like spread

The self-repeating amplification of misfolded Tau 
seeding further misfolding in other Tau proteins leads 
to propagation of disease across the brain. Similarities 
to the spread of prion diseases, such as Creutzfeldt-
Jakob Disease (CJD), means Tau is considered to be 
prion-like. The implication of misfolded Tau in the 
pathology of several diseases, including Alzheimer’s 
disease, has led to the grouping of these diseases into 
a family of ‘Tauopathies’ (Box 1). The pathologies 
of these Tauopathies is distinct for each disease and 
characteristic of the isoform of Tau that has gone rogue 
and misfolded.

Tau proteins are microtubule-associated proteins essential for the correct functioning of neurons. 
This small family of proteins, 352–441 amino acids in length, are abundant in the brain and exist 
to  stabilize microtubules in neurons and glia (non-neuronal cells of the central nervous system) 
to ensure correct trafficking of cellular cargo and cell maintenance.  
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Cryo-EM involves suspending thin layers of 
purified Tau protein on a carbon grid, which is rapidly 
frozen in liquid ethene. The rapid freezing prevents the 
formation of ice crystals. The frozen grid is then imaged 
on a transmission electron microscope. Electrons shoot 
through the layer of purified Tau protein molecules in 
their suspended animation, onto the sensors behind. 
The resulting image is similar to that of an untuned 
television screen, as information about the immobilized 
Tau molecules is captured by the electron microscope. 
This snowy data set of thousands of molecules in 
their random positions in space is then analyzed and 
reconstructed into a three-dimensional configuration 
using a statistical program, such as RELION.

Reconstruction of the Alzheimer’s disease-causing 
Tau filaments at the atomic level (3.4 Angstroms) 
revealed the filaments were made of an almost 50/50 
mixture of 3R and 4R Tau isoforms, contributing to a 
‘C’-like folded conformation. 

Different Tau, different disease 

In a more recent paper, the group tested their hypothesis 
that different Tau isoforms induce different filamentous 
structures. They isolated and visualized Tau proteins 
from a human patient who had died from a different 
Tauopathy, Pick’s disease. 

Pick’s disease or frontotemporal dementia (FTD) 
is a relatively rare form of dementia, diagnosed in less 
than one in twenty cases. The neuronal degeneration 
takes place almost exclusively in the frontal and 
temporal lobes of the brain, robbing the sufferer of 
their personality and language ability. 

Figure 1. In Pick’s disease 
(left), Tau molecules adopt a 
long J-shaped fold, while in 
Alzheimer’s disease (right) 
they form a C that contains 
fewer domains. Reproduced 
with permission from 
Falcon, B. et al. (2018) Nature 
561, 137–140. 

Using the same Cryo-EM approach as in the previous 
study, the group reconstructed the Pick’s disease Tau at 
almost 3.2 Angstroms resolution, and were astonished 
to see the difference in the conformation compared 
with the misfolded Tau in Alzheimer’s disease. 

Where the Alzheimer’s disease filaments had 
comprised 3R and 4R Tau isoforms and had a ‘C’ shape 
fold, the Pick’s disease Tau was made up exclusively 
of 3R Tau and the filaments had a long ‘J’ shape fold 
(Figure 1). 

They also discovered there are two types of 
filaments, ‘narrow’ and ‘wide’, and they are helical in 
nature. Narrow filaments were more abundant than 
their wide counterparts and so they were able to delve 
deeper into their structure. They identified the 3R Tau 
structure contained nine ß-strand regions compared 
with the 8 ß-strand regions in 4R Alzheimer’s disease 
Tau. These biophysical differences, coupled with other 
changes, contributed to its unique conformation.

The question of what causes Tau isoforms to obtain 
their toxic gain-of-function remains unresolved. 
However, these recent findings provide the most 
detailed pictures to date of the structure of the Tau 
isoforms underlying two important Tauopathies. It is 
hoped this new structural insight will enable better 
understanding of the processes involved. 

Seeding disease

Since the Pick’s disease Tau structure was determined 
using protein isolated from a single patient, the group 
wanted to investigate the generality of the Pick’s disease 
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fold. Obtaining Tau extracted from the brains of eight 
additional patients, they performed Western blot 
analysis using repeat specific antibodies. They reasoned 
that if the Pick’s disease Tau filaments were exclusively 
comprised of 3R Tau, the proteins from these patients 
ought to be immune-negative to an antibody specific 
for R2, the domain excluded from the 3R isoform 
(but present in 4R Tau), whilst maintaining positive 
immunoreactivity for the other binding motifs. They 
found this to hold true for the Tau proteins obtained 
from the eight other patients.

The road to better diagnosis

It is too early to assume that knowledge of the 
structures of these disease-causing Tau proteins at the 
atomic level will allow drug companies to produce 
cures for the diseases in the near future. However, 
better tools for diagnosis may be a realistic proposition. 
By understanding the conformation of these Tau 
filaments, it may be possible to design Positron 
Emission Tomography (PET) ligands that can bind to 
either of the conformations and show up in a PET scan, 
enabling a confirmatory diagnosis. 

In the meantime, the LMB team will continue 
to apply their approach to illuminate the structural 
differences of misfolded Tau in the remaining 
Tauopathies.  ■
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