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Structure and functions 

of TDP-43 and Tau



Tau protein:

Lippens and Gigants, JBC, 2019:



Lippens and Gigants, JBC, 2019:



Tau was originally defined by its ability to bind and stabilize microtubules. Howe

ver, it is now becoming evident that the functions of tau extend beyond its  abilit

y  to  modulate  microtubule dynamics. Tau plays a role in mediating axonal tran

sport, synaptic structure and function, and neuronal signaling pathways. 

Binding of tau  protein to the  microtubules  

is maintained   in   equilibrium by   coordin

ated   actions   of    kinases and  phosphat

ases. The  phosphorylation of tau (pink ball

s) regulates its activity to bind to microtubul

es and can affect axonal  transport. Tau 

protein  may inhibit the plus-end-directed tr

ansport of vesicles  along microtubules by 

kinesin



414 amino acid nuclear protein

Ubiquitously expressed DNA-/RNA-binding protein

Encoded by the TARDBP gene on chromosome 1

Family of hnRNPs

Mostly nuclear (although up to  30% of TDP-43 protein can be found in the cytoplasm

TDP-43 protein:



Physiological phosphorylation can affect TDP-43 oligomerization and cellular loca

lization

Li et al, 2017, JBC

NTD oligomerization promotes TDP-43 Liquid/Liquid 

Phase Separation, but that phosphorylation on the co

nserved Ser 48* prevents this. 

Wang et al, 2018, EMBO J



TDP-43 likes to bind UG-repeated motifs in a sequence specific manner using both RRMs:

- RRM1 specifically recognizes one GU repeat and RRM2 recognizes also one UG repeat plus additional nucleotides that are not specifically recognized.  Thus the emerging binding 

consensus sequence is 5’-N(N)GUGN(N)UGN-3’.

- A unique feature of the TDP-43-RNA complex is the reversed binding of the UG-rich RNA with the 5’end being bound on RRM1 rather than RRM2 as normally seen in tandem RRMs.

- TDP-43 binding to UG-rich RNA also showed a very clear correlation between binding affinity and inhibitory splicing function for interaction on RRM1, but not for RRM2 in which alanine 

mutations in the recognition sites on RRM2 has only little impact on the overall RNA binding affinity of TDP-43.  Nevertheless, these interactions are of functional importance and required 

for the splicing function of TDP-43.  Thus the role of RRM2 could be to direct the UG-rich RNA path for productive TDP-43 dimerization on pre-mRNA target sites. 

Lukavsky et al. 2013



Gly-rich Gly-richHydrophobic Q/N-rich

TDP-43’s Hydrophobic stretch is important for regulating LLPS properties. 

In 2016, Song and co-

workers found that the 

hydrophobic stretch, which 

is conserved in evolution, 

can form a partially 

populated helices.

Confirmed and extended in 

Fawzi’s lab in 2017 who 

advanced that the CTD of 

TDP-43 undergoes 

liquid/liquid phase 

separation, that the 

hydrophobic helix is key for 

this phase separation.



What does TDP-43 do?:

Ratti and Buratti, J. Neurochem., 2016



Involvement in disease





Lukavsky et al. 2013



Buratti and Baralle., 2009 
Adv.Gen, 66:1



Why does TDP-43 aggregate?



Loss of function against gain of function?

Buratti and Baralle., 
2009 Adv.Gen, 66:1



TDP-43 and Tau pathology



Disorders of misfolded proteins



Molecular mechanisms 

that contribute to FTD 

pathology



Connections









Importance of studying 

mutations



Lukavsky et al. 2013

2008- first reports of disease-associated mutations in TDP-43

Buratti E., Adv. Genetics 2016



S375G is a rare variant recently reported in databases

And has been classified as, neutral, possibly benign.

This mutation was recently

identified in a very early-onse

t

ALS case (female, 22 year ol

d)

carrying this change



S375G can affect the nuclear localization of TDP-43



When expressed in HeLa cells S375G is more toxic than nearby disease-assotiated

mutations



The Serine in position 375 could represent an important phosphorylation site both in vitro

and in vivo

ALS case 1 ALS case 2



A S375E phosphomimic shows a very prominent cytoplasmic localization in 50% of cells.



Molecular modelling confirms this possibility:



This is confirmed at the distance level between the beta strands:





Gly-rich Gly-richHydrophobic Q/N-rich

TDP-43’s region from residues S375 to S395 is important to regulate

nuclear-cytoplasmic shuttling through reversible phosphorylation. 

Small sequences in the last 

Gly-rich domain can also 

fold to form beta-sheets.

Phosphorylation can 

transiently affect this 

process, controlling TDP-43 

localization in cellular 

nucleus/cytoplasm



Importance of studying the

surrounding environment



Swinnen and Robberecht, 2014

Clinical onset Progression

ALS is a very heterogenous disease, both regarding the clinical onset and the 

progression.



RNA binding proteins are particularly abundant within the neuronal body, axons, and synapses:

Nussbacher et al., Trends in 
Neuroscience, 2015



What happens in patients?, in FTLD-TDP the expression of these proteins can vary a lot both between

and among healthy controls and diseased patients (work in collaboration with Leo Petrucelli and

Mercedes Prudencio at the Mayo Clinic, Jacksonville):

Mohagheghi et al., 2015



Most of the major hnRNP proteins in human cells are conserved in Drosophila

Crecic and Swanson, 1991



In collaboration with the Neurology group we have started a search for hnRNP modifiers of TDP-43 

pathology:

Loss-of-function fly disease model

Validation of

functional

relationship in

Human neuronal

cells

Flies expressing 50% normal TDP-43 levels

(haploinsufficient)

Crossing with fly strains that can be

silenced for all major hnRNPs

conserved between flies and humans:

Validate the effect of individual transcript to modulate TDP43-associated pathology

Gain-of-function fly disease model

Flies expressing 1-2% normal TDP-43 levels

(hypomorphic)

RNA sequencing

analysis of

promising transcripts
Flies overexpressing wild-type TDP-43 in eye

(hypomorphic)



In addition to a small 

group of phenotype 

enhancers we were able 

to find a group of strong 

suppressors (Hrb27c, 

CG42458, Glo and Syp) 

which silencing, rescued 

almost completely TBPH 

phenotype (Fig. 1 E-H, M) 

and a group of mild 

suppressors (Herb87F, 

Sm, Heph and Rump) that 

recovered only partially 

TBPH defects (Fig. I-L, M) 

.

Appocher et al. 2017



Can the human homologues of these proteins affect human TDP-43 functions as well?.



This has also been seen for several other examples of TDP43-controlled genes.



DAZAP1 does not bind to TDP-43.

However, it binds to all these TDP-43 controlled transcripts.



Performing RNAseq analysis to find the co-targets and affected pathways of TDP-43 and DAZAP1 

in SH-SY-5Y cells: 



hnRNP Q and R proteins share considerable similarity with the fly Syp protein



However, these two proteins show marked diferences in cellular subdistribution



RNAseq analysis of hnRNP Q and hnRNP R in SH-SY5Y cells

	



Top regulated DEGs that relate to neurodegeneration do not correspond:



	

Venn diagram comparing the number of transcripts altered in TDP-43, DAZAP1, hnRNP Q, and hnRNP R 

depleted SH-SY5Y cells. 



Pathways of genes co-regulated only by TDP-43, DAZAP1 and hnRNPQ. The classification of the 214 

genes whose expression is co-regulated in TDP-43, DAZAP1, hnRNP Q, but not hnRNP R depleted SH-

SY5Y cells according to the Gene Ontology categorization. systems . 

	



Volcano plots of differentially expressed genes (DEGs) following depletion of TDP-43, DAZAP1, hnRNP

Q and hnRNP R in SH-SY5Y cells. The immune connection 

	



Another important 

hit in these 214 

common genes is 

represented by 

IGF-2 that has 

been previously 

shown to improve 

survivability of 

MNs from ALS-like 

degeneration in 

vitro. In our list, 

SYT13 was not 

present, however, 

there is another 

member of this 

family SYT14.



Conclusions

1) Tau and TDP-43 share a common type of disease (FTD) although they are very different 

proteins. The challenge  in  future  times  will  be to identify  the  common  pathways  af

fected by these two proteins

2) Apparently benign variants can alter basic TDP-43 basic properties such as the   balance 

between   nuclear and cytoplasmic localisation. In particular, through  their study  we  have i

dentified  a specific region of TDP-43  (S375-395) that may be important to physiologically c

ontrol this process.

3) Post-translational modifications can reversibly affect the behaviour of TDP-43 intracellular

ly

4) The functionality of TDP-43 can be robustly modified by the surrouding RBP proteins  pre

sent  in  the cell.

5) Comparing the transcriptomic profiles of hnRNP proteins that can rescue TDP-43 toxicity 

may allow to identify the common targets.

6) These targets could represent a more “druggable” target than TDP-43 itself.
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