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Appendix(Figure(S1(<(Disorder(and(low(complexity(domain((LCD)(predictions(for(tau441(protein.!!

Tau!is!an!intrinsically!unfolded!protein!with!some!low!propensity!secondary!structure!predictions!

(Mukrasch!et#al,!2009),!and!its!high!amino!acid!and!charge!complexity!makes!it!extremely!soluble.!

Here!predicted!LCDs!are!based!on!high!content!of!prolines!and!serines!in!certain!areas.!!
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A! !Disordered!region!in!tau441!(2N4R,!441!aa)!following!different!prediction!definitions!are!

shown! on! a! single! residue! level.! Predictions! were! run! using! disEMBL! (http://dis.embl.de/),!

disordered!residues!are!highlighted!in!color.!!

B! !Prediction!of!low!complexity!domains!(LCD)!in!tau441!were!run!using!the!predictors!CAST!

(http://dis.embl.de/)! and! SEG! (http://mendel.imp.ac.at/METHODS/seg.server.html)! and! the!

position!of!putative!LCDs!(=low!complexity!in!the!primary!aa!sequence)!in!the!sequence!of!tau441!

are!displayed! indicated!as!bars!(CAST=!grey!bars;!SEG=green!bars)!aligned!to!tau441!sequence!

and!disorder!prediction!by!PONDR!(http://pondr.com).!Note:!the!predicted!LCD!in!P1/P2!results!

from!high!concentration!of!serines!and!prolines!but!does!not!necessarily!indicate!common!LCD!

behavior;!there!is!no!prionBlike!LCD!in!tau441!as!for!most!other!LLPS!proteins.!
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Appendix(Figure(S2(<(GFP<tau441(droplets(do(not(co<localize(with(endosomes(or(the(ER.!!

A,!B! In!primary!cortical!mouse!neurons,!dropletBlike!GFPBtau441!(white!arrow!heads)!did!not!

colocalize!with!(A)!endosomes!(Rab5)!or!(B)!the!endoplasmic!reticulum!(ER)!marker!KDEL.!
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Appendix(Figure(S3(<(Atomic(force(microscopy(of(p<tau441(droplets.((

pBtau441!droplets!were!prepared!in!presence!of!10%!PEG!(left)!and!deposited!on!a!flat!clean!glass!

surface!and!incubated!for!2B3!h!at!room!temperature!to!allow!stable!adsorption!to!the!surface.!

Afterwards,!the!supernatant!was!carefully!exchanged!against!buffer!without!PEG!(20!mM!HEPES!

pH!7.4,!50!mM!NaCl)! to! remove!the!excess!droplets.!The!AFM!head!was!placed!on!top!of! the!

sample! and! the! cantilever! positioned! above! the! stably! adsorbed! droplets! to! start! the! AFM!

scanning!(right).!AFM!topographies!were!then!recorded!at!scanning!forces!of!250B300!pN!(see!

Figure!4F).!!

!
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Appendix(Supplementary(Methods:(
(

Estimating)the)tau)concentration)in)neurons)of)human)cortex)

We!counted!the!number!of!neurons!in!a!block!of!human!frontal!lobe!grey!matter!of!known!volume!

by! stereology,! and!measured! the! amount!of! tau! (grams)! in! adjacent! brain! tissue!of! of! known!

volume!by!ELISA.!Since!we!expect!that!tau!is!not!uniformly!distributed!in!neurons!we!used!these!

measurements! to! estimate! the! range! of! likely! intracellular! concentrations:! the! minimum! tau!

concentration! assumed! an! even! distribution! of! tau! in! the! entire! cortical! volume! (=maximum!

volume! occupied).! The! maximum! tau! concentration! (=minimum! volume)! was! calculated! by!

normalizing! the! tau! content! in! human! frontal! lobe! grey!matter! (determined! by! ELISA)! to! the!

number! of! neurons! and! an! average! soma! volume! (=approximated! as! sphere! with! 20! µm!

diameter).!Raw!data!is!presented!in!Table!S1.!

!

1.! Amount!(grams)!tau!per!neuron!in!human!frontal!lobe!cortex:!

Frozen! tissue! blocks! (adjacent! to! those! used! for! tau! ELISA! (2))! were! fixed! for! 48! h! in! 4%!

paraformaldehyde/PBS! and! then! cryoBprotected! in! sucrose! overnight.! For! each! of! the! human!

cases!(2x!AD,!1x!Control),!a!small!(≈1!cm3)!tissue!block!of!the!frontal!lobe!grey!matter!was!weighed!

and!then!cut!into!50!µm!thick!sections.!One!hundred!sections!per!block!were!collected!as!floating!

sections,! and! the! remainder! of! the! tissue,! as! well! as! any! discarded! tissue,! was! weighed! to!

determine!the!total!weight!of!cut!slices.!

We!then!to!label!neurons!in!the!mounted!sections!by!immunohistochemistry!using!an!antiBNeuN!

antibody!was!performed!to! label!neurons.! In!brief,!tissue!was!washed!with!TBS,!then!in!0.03%!

hydrogen!peroxide!for!10!minutes,!then!blocked!an!permeabilized!for!1!h!with!3%!normal!goat!

serum/TBS!containing!0.25%!TritonBX!(TBSBX),!and!then!incubated!in!mouse!antiBNeuN!(Millipore,!

1:1000)!in!the!blocking!buffer!overnight.!!The!following!day,!sections!were!washed!in!TBS,!then!

incubated!in!biotinylated!antiBmouse!secondary!followed!by!ABC!compound!(Vectorlabs)!and!DAB!

with!0.15%!nickel!chloride!(SigmaBAldrich).!!Sections!were!mounted,!dehydrated!in!an!ascending!

ethanol!series!followed!by!xylene,!and!then!coverslipped!with!Cytoseal!XYL!(Thermofisher).!!!

!
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Stereological#data#collection:#

Neuronal! counts! were! obtained! by! stereology! (CAST! software,! Olympus):! NeuNBlabeled! cell!

bodies!within!Grey!matter!were!counted!in!1%!of!three!cortical!sections,!randomly!sampled!from!

the! cut! blocks.!Neuron! counts! per! section!were!multiplied!by! 100! to! estimate! the!number!of!

neurons!per!100%!section.!!

(1)!The!total!number!of!neurons!per!volume!(mm3)!was!calculated!as:!

![Neuron!#/mm3!sections]!=!#!of!neurons!per!section!*!Grey!matter!volume!

with!Grey!matter!volume!(mm3)!=![(analyzed!Grey!matter!area!(µm2)!x!50!µm!section!thickness)!

*10B9]!

(2)!The!total!weight!of!sectioned!grey!matter!was!calculated!as:!

[grams!of!Grey!matter]!=!%!grey!matter!area!per!section!*!weight!of!the!cut!tissue.!!!

(3)!The!number!of!neurons!per!gram!of!Grey!matter!was!then!calculated!as!followed:!

[Neuron! #/gram!Grey!matter]! =! [Neuron! #/mm3!sections]! *! [(Grey!Matter! Volume! (mm3)! per!

section!*!100!sections)/![grams!of!Grey!matter]!

!

Human#tau#ELISA:#

Finally,! to! determine! the! amount! of! tau! per! neuron,!we! performed! an! antiBhuman! tau! ELISA!

(Thermoscientific)! on! known! amounts! of! Grey! matter! from! the! same! brain! areas! (tissue! cut!

adjacent!to!the!blocks!for!stereology):!

[Grams!of!tau!per!neuron]!=!tau!per!gram!tissue!/!Neurons!per!gram!tissue!

Results( (mean±s.d.! from!three!separate!tissue!preps!per!sample,!see!Appendix!Supplementary!

Tables!S1,!S2,!S3):(

Control:!!1.61!x!10B12!±!0.3!g!tau!per!neuron!=!1.61!±!0.3!picogram!(pg)!tau!per!neuron!

AD!#1:!1.06!x!10B12!±!0.6!g!tau!per!neuron!=!1.06!±!0.6!pg!tau!per!neuron!

AD!#2:!1.29!x!10B12!±!0.8!g!tau!per!neuron!=!1.29!±!0.8!pg!tau!per!neuron!
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[Grams(of(tau(per(neuron]((Mean±s.d.)!=!1.32(±!1.04!pg(tau(per(neuron(( (4)(

(

2.! Estimating!the!volume!occupied!by!a!neuron!in!the!human!frontal!lobe!cortex:!

The!highest!tau!concentration!would!occur!if!tau!is!restricted!to!only!the!neuronal!cell!body.!We!

estimated! the! minimum! volume! of! a! neuronal! cell! bodies! assuming! a! spherical! shape! of! a!

pyramidial!neuron!that!has!a!soma!diameter!of!≈20!µm:!

Vcell!body!=!4/3*!*(d/2)3!=!4/3*!*(10)3!µm3!=!4.19*10B6!µl!

With! 1.32! ±! 1.04! pg! tau! per! neuron! (4)! and! a!molecular!weight! of! fullBlength! tau! of! ≈46! kDa!

(=46*103!g/mol),!this!gives!an!average!tau!concentration!in!the!soma:!

[tau]soma(=(6.84±0.42(µM((5)(

!

The!lowest!tau!concentration!would!occur!if!tau!would!be!distributed!evenly!through!the!entire!

cortical!volume.!In!this!case,!we!can!calculate!the!mean!cortical!concentration!tau!of!as:!

[tau]cortex! full=! (tau/cortex!weight)!/! (cortex!volume/cortex!weight)!*! (molecular!weight!of! fullB

length!tau)!

[tau]cortex!full!=!0.42±0.17!µM!

This!estimate!neglects!the!fact!that!≈25%!of!cortical! tissue!volume! is!occupied!by!the!vascular!

system!and!the!extracellular!space;!taking!this!into!account!increases!the!tau!concentration!in!the!

cortical!volume!to:!

[tau]cortex(=(1.68±0.68(µM((6)(

(

(

!
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2012-1 
Area 1 

21403000 
37267000 

58670000 
36.48031362 

63.51968638 
50 

1.07015 
145.36 

  
Area 2 
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0.626 
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Appendix(Table(S4(–(List(of(antibodies((
!

antigen( name(
source(
species( source( number/(ID(

tau$antibodies:$ $    
human!total!tau! Tau13! mouse! Biolegend! #MMS6520R!

human!total!tau! KJ9A!! rabbit! DAKO! A0024!

pT181! ! mouse! Thermofisher! #MN1050!

pS199! ! rabbit!! Thermofisher! #710124!

pS199!!! ! rabbit! Cell!SignalingTechnology! #29957!

pS202! ! rabbit! Cell!SignalingTechnology! #39357!

pT205! ! rabbit! Thermofisher! #446738G!

pT212! ! rabbit! Thermofisher! #446740G!

pS214! ! rabbit! Abcam! #ab170892!!

pT231! ! rabbit!! Thermofisher! #710126!

pT231! ! rabbit! Abcam! #ab151559!

pS235! ! rabbit! GeneTex! #GTX86624!

pS262! ! rabbit! Thermofisher! #446750G!

pS324! ! rabbit! Abcam! #ab109401!

pS396! ! rabbit! Abcam! #ab109390!

pS404! ! rabbit! Cell!SignalingTechnology! #20194!

pS409! ! rabbit!! Thermofisher! #446760G(

pS422! ! rabbit! Abcam! #ab79415!

pS202/S205! CP12! mouse! Peter!Davis!Lab! n.a.!

pS202/S205! AT8! mouse! Thermofisher! #MN1020!

pS394/pS404! PHF1! mouse! Peter!Davis!Lab! n.a.!

pS262/pS356!! 12e8! mouse! Elan!Pharmaceuticals! n.a.!

Organelle$markers$ $    
Lamp1! ! rabbit! Abcam! ab24170!

Rab5! ! rabbit! SantaCruz! sc646692!
KDEL! ! rabbit! Abcam! ab176333!
!


