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Overview

A protein, a polymer like another? 

- Protein folding or folded proteins

- IDPs

NMR as a tool to study IDPs

Tau protein : function and (dys)function

Homogeneous solution, amyloid form and in between
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A protein, a polymer like another? 
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A protein, a polymer like another? 

Protein folding or folded proteins : Structure-Function 

paradigm
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A protein, a polymer like another? 

Protein folding or folded proteins : Structure-Function 

paradigm

M. Knossow & B Gigant, Gif-sur-Yvette

T2R complex : 2 tubulin dimers sequestered by stathmin helix
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A protein, a polymer like another? 

Protein folding or folded proteins : Structure-Function 

paradigm
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A protein, a polymer like another? 

Intrinsically disordered proteins

Tau = Tubulin Associated Unit (M Kirschner, 1975) 

MAEPRQEFEV MEDHAGTYGL GDRKDQGGYT MHQDQEGDTD AGLKESPLQT

PTEDGSEEPG SETSDAKSTP TAEDVTAPLV DEGAPGKQAA AQPHTEIPEG

TTAEEAGIGD TPSLEDEAAG HVTQARMVSK SKDGTGSDDK KAKGADGKTK

IATPRGAAPP GQKGQANATR IPAKTPPAPK TPPSSGEPPK SGDRSGYSSP

GSPGTPGSRS RTPSLPTPPT REPKKVAVVR TPPKSPSSAK SRLQTAPVPM

PDLKNVKSKI GSTENLKHQP GGGKVQIINK KLDLSNVQSK CGSKDNIKHV

PGGGSVQIVY KPVDLSKVTS KCGSLGNIHH KPGGGQVEVK SEKLDFKDRV

QSKIGSLDNI THVPGGGNKK IETHKLTFRE NAKAKTDHGA EIVYKSPVVS                 

GDTSPRHLSN VSSTGSIDMV DSPQLATLAD EVSASLAKQG L 
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A protein, a polymer like another? 

Intrinsically disordered proteins

Tau = Tubulin Associated Unit (M Kirschner, 1975) 

MAEPRQEFEV MEDHAGTYGL GDRKDQGGYT MHQDQEGDTD AGLKESPLQT

PTEDGSEEPG SETSDAKSTP TAEDVTAPLV DEGAPGKQAA AQPHTEIPEG

TTAEEAGIGD TPSLEDEAAG HVTQARMVSK SKDGTGSDDK KAKGADGKTK

IATPRGAAPP GQKGQANATR IPAKTPPAPK TPPSSGEPPK SGDRSGYSSP

GSPGTPGSRS RTPSLPTPPT REPKKVAVVR TPPKSPSSAK SRLQTAPVPM

PDLKNVKSKI GSTENLKHQP GGGKVQIINK KLDLSNVQSK CGSKDNIKHV

PGGGSVQIVY KPVDLSKVTS KCGSLGNIHH KPGGGQVEVK SEKLDFKDRV

QSKIGSLDNI THVPGGGNKK IETHKLTFRE NAKAKTDHGA EIVYKSPVVS                 

GDTSPRHLSN VSSTGSIDMV DSPQLATLAD EVSASLAKQG L 

Amino Acid composition

# %
Gly 49 11.4
Ser 45 10.2 
Lys 44 10.0
Pro 43 9.8
Ala 34 7.7
------------------------

5 aa = 50% !!!
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A protein, a polymer like another? 

Intrinsically disordered proteins

Tau = Tubulin Associated Unit (M Kirschner, 1975) 

Toulouse Biotechnology Institute • p.9
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A protein, a polymer like another? 

Intrinsically disordered proteins

Tau = Tubulin Associated Unit (Butner & Kirschner, 1991) 

MAEPRQEFEV MEDHAGTYGL GDRKDQGGYT MHQDQEGDTD AGLKESPLQT

PTEDGSEEPG SETSDAKSTP TAEDVTAPLV DEGAPGKQAA AQPHTEIPEG

TTAEEAGIGD TPSLEDEAAG HVTQARMVSK SKDGTGSDDK KAKGADGKTK

IATPRGAAPP GQKGQANATR IPAKTPPAPK TPPSSGEPPK SGDRSGYSSP

GSPGTPGSRS RTPSLPTPPT REPKKVAVVR TPPKSPSSAK SRLQTAPVPM

PDLKNVKSKI GSTENLKHQP GGGKVQIINK KLDLSNVQSK CGSKDNIKHV

PGGGSVQIVY KPVDLSKVTS KCGSLGNIHH KPGGGQVEVK SEKLDFKDRV

QSKIGSLDNI THVPGGGNKK IETHKLTFRE NAKAKTDHGA EIVYKSPVVS                 

GDTSPRHLSN VSSTGSIDMV DSPQLATLAD EVSASLAKQG L 
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NMR, a tool to study IDPs

Workhorse of biomolecular NMR spectroscopy= HSQC spectrum
ppm

6.06.57.07.58.08.59.09.510.010.511.0 ppm

105

110

115

120

125

130

135

- Purified recombinant protein

- Requires stable isotope labeling

- Requires milligrams of protein

- Size limited (unless deuteration)

- Resolution at the per-residue level



Toulouse Biotechnology Institute • p.12Toulouse Biotechnology Institute • p.12

NMR, a tool to study IDPs

Workhorse of biomolecular NMR spectroscopy= HSQC spectrum
ppm

6.06.57.07.58.08.59.09.510.010.511.0 ppm

105

110

115

120

125

130

135

- Purified recombinant protein

- Requires stable isotope labeling

- Requires milligrams of protein

- Size limited (unless deuteration)

- Resolution at the per-residue level
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NMR, a tool to study IDPs

Workhorse of biomolecular NMR spectroscopy= HSQC spectrum
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NMR, a tool to study IDPs

Workhorse of biomolecular NMR spectroscopy= HSQC spectrum
ppm

7.27.47.67.88.08.28.48.68.89.0 ppm

112

114

116

118

120

122

124

126

128

130

132

ppm

7.27.47.67.88.08.28.48.68.89.0 ppm

112

114

116

118

120

122

124

126

128

130

132

CypB
CypB + heparine



Toulouse Biotechnology Institute • p.15Toulouse Biotechnology Institute • p.15

NMR, a tool to study IDPs

Workhorse of biomolecular NMR spectroscopy= HSQC spectrum
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NMR, a tool to study IDPs

Workhorse of biomolecular NMR spectroscopy= HSQC spectrum
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NMR, a tool to study IDPs

Lack of tertiary fold of Tau leads to a « random coil » spectrum
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NMR, a tool to study IDPs

Lack of tertiary fold of Tau leads to a « random coil » spectrum

600MHz 800MHz 900MHz
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NMR, a tool to study IDPs

Lack of tertiary fold of Tau leads to a « random coil » spectrum

ppm

7891011 ppm
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G Lippens et al.  (2004)
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NMR, a tool to study IDPs

NMR detects tiny but vital structural features

NS5A-D2 

NS5A-D2 A311G

Dujardin & Hanoulle (2019)
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Tau protein : function

Interaction Tau:taxol stabilized MTs

Sillen & Lippens 2006

5µM Tau441/20µM MT

FRET between

acrylodan-Tau and MTs

KD = 20nM

N=0.5
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Tau protein : function

Tubulin polymerization assay

20µM

30µM
12µM tubulin

+ 1µM TauF4

12µM tubulin

+ 5µM TauF4

13µM tubulin 13µM tubulin

+ 5µM TauF4
Fauquant & Knossow (2011)
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Tau protein : function

TauF4 and T2R by NMR

Important mobility at the tubulin surface

No defined structure on T2R
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Tau protein : function

TauF4 and T2R by NMR
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Ser262 : MARK kinase site that interferes with 

Tau’s MT assembly capacity

Gigant et al., JACS 2014
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Tau protein : function

TauF4 and T2R by NMR
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Tau protein : function

TauF4 and T2R by NMR
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Gigant et al., JACS 2014
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Tau protein : function

TauF4 and T2R by NMR
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Tau’s MT assembly capacity

Citrate synthase 

(PDB code 3MSU)

Gigant et al., JACS 2014
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Tau protein : function

TauF4 and T2R by NMR

Gigant et al., JACS 2014
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Tau protein : function

TauF4 and T2R by NMR
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Gigant et al., JACS 2014
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Tau protein : function

TauF4 and T2R by NMR
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Tau protein : function

TauF4 and T2R by NMR
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Tau protein : function

TauF4 and T2R by NMR

α1

β1

α2

β2

R230

L315

Q276

Q307

Y310

R230

L315

Q276

Q307

Y310

R230

L315

Q276

Q307

Y310

R230

L315

Q276

Q307

Y310

8.458.50 ppm

8.458.50 ppm8.458.50 ppm

C
y

s5
3

C
y

s7
1

C
y

s9
6

C
y

s1
2

2

α

β

Gigant et al., JACS 2014



Toulouse Biotechnology Institute • p.33

Tau protein : function

TauF4 and T2R by NMR

Gigant et al., JACS 2014
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If pSer262 : not possible anymore

Ser262

E264

K259

Kellogg & Nogales., 

Science 2018
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Tau protein : dysfunction

Amyloid diseases
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Tau protein : dysfunction

Braak immunodetection of Alzheimer’s disease

Braak et al., Acta Neuropath 2006
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Tau protein : dysfunction

Braak immunodetection of Alzheimer’s disease

Braak et al., Acta Neuropath 2006
Malia et al., Proteins 2016
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Tau protein : dysfunction

Resolution of Tau fibrils in Alzheimer’s disease

Lippens & Gigant 2019
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Tau protein : dysfunction

Resolution of Tau fibrils in taupathies

Scheres & Goedert 2020
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Tau protein : dysfunction

Resolution of Tau fibrils in taupathies

Scheres & Goedert 2020

Heparin induced synthetic fibers
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Tau protein : dysfunction

Propagation

Braak et al., Acta Neuropath 2006

Crapper & De Boni AD soluble fraction

Paired helical filaments of the Alzheimer type in cultured neurones.

Nature 1978
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Tau protein : dysfunction

Propagation of Tau

Braak et al., Acta Neuropath 2006

Weingarten MD, Lockwood AH, Hwo SY, Kirschner MW.  
A protein factor essential for microtubule assembly. 

Proc Natl Acad Sci U S A. 1975  Tau

Crapper & De Boni AD soluble fraction
Paired helical filaments of the Alzheimer type in cultured neurones.

Nature 1978

Grundke-Iqbal I, Iqbal K, Quinlan M, Tung YC, Zaidi MS, Wisniewski HM. 

Tau. A component of Alzheimer’s disease paired helical filaments. J Biol Chem. 1986 
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Crapper & De Boni AD soluble fraction Paired helical filaments of the Alzheimer type in cultured neurones.

Nature 1978

Michel et al., Monomer Extracellular Monomeric Tau Protein Is Sufficient to Initiate

JBC 2014 the Spread of Tau Protein Pathology

Kim et al., Dimer Identification of disulfide crosslinked tau dimer responsible

Sci Reports 2014 for tau propagation

Mirbaha et al., Trimer Tau Trimers Are the Minimal Propagation Unit Spontaneously 

JBC 2015 Internalized to Seed Intracellular Aggregation

Wu et al., LMW oligomers Small Misfolded Tau Species Are Internalized via Bulk Endocytosis 

JBC 2013 and Anterogradely and Retrogradely Transported in Neurons

Takeda et al., HMW oligomers Neuronal uptake and propagation of a rare phosphorylated

Nat Comm 2015 high-molecular-weight tau derived from Alzheimer’s disease brain

Can we characterize the propagating species???
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Tau protein : dysfunction

Propagation of Tau

Kim et al., Dimer Identification of disulfide crosslinked tau dimer responsible 

Sci Reports 2014 for tau propagation

Monomer

Dimer

TauF4 C291S
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Tau protein : dysfunction

Propagation of Tau
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Tau protein : dysfunction

Propagation of Tau
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Tau protein : dysfunction

Propagation of Tau
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At the same absolute concentration of TauF4, addition of >25µM of dp16

leads to aggregation of the TauF4 dimers but not monomers.
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This study demonstrates that the 

uptake efficiency of a given 

cationic CPP does not necessarily 

correlate with its affinity to 

sulfated GAGs and that its ability 

to cluster GAGs should be 

considered for the identification 

of novel peptidic sequences with 

potent cellular penetrating 

properties.

We have demonstrated that 

peptides with similar binding 

affinity for heparin can differ 

significantly in their ability to 

cluster with heparin. (…) The 

differences in cluster stability 

observed between these two 

peptides provide a possible 

explanation for their differing cell 

uptake routes.
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At the same absolute concentration of TauF4, addition of >25µM of dp16

leads to aggregation ??? of the TauF4 dimers but not monomers.
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Liquid liquid phase separation
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