The protein interactome of TDP-43 in ALS: A mystery still waiting to be
solved
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Introduction: Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are
neurodegenerative disorders in which protein aggregates are main pathophysiological
features. In almost all ALS cases (97%) and in more than 60% of FTD cases, these
aggregates contain the protein TDP-43 (transactive response DNA-binding protein of 43
kDa). Proteins rarely perform cellular functions individually. Rather, they are usually
involved in dynamic networks in which they interact with other proteins and TDP-43 is no
exception. This protein plays an important role in various phases of RNA metabolism,
including mRNA transport and mRNA splicing’, as well as in the regulation of stress
response via the formation of stress granules®. In these processes, TDP-43 interacts with
a variety of proteins®. Under pathological conditions TDP-43 becomes mislocalized and is
the main component of pathological cytoplasmic protein aggregates®, thus risking
alteration of the interactome.

Methods: To unravel the mystery of the TDP-43 interactome, we investigated the
interactome of wild-type TDP-43 and TDP-43 without nuclear localization signal (ANLS),
which mimics the pathological conditions of ALS. We established inducible mammalian
cell lines stably expressing wtTDP-43 or TDP-43ANLS in fusion with the biotin ligase
BiolD2. To label the interaction partners of both TDP-43 variants, we exploited BiolD2
activity. After induction of its activity, the biotinylated proteins were isolated from the cell
lysates by pull-down assay. The isolated proteins were identified by liquid
chromatography-mass spectrometry (LC-MS). MS analysis revealed a list of unique and
common interactors of wtTDP-43 and TDP-43ANLS, which were validated by Western
blotting, immunocytochemistry and proximity ligation assay (PLA). To determine the
cellular localization and function of the newly discovered interactors, we performed
bioinformatic analyses.

Results: The proximity-dependent biotin identification method (BiolD), followed by LC-
MS, showed that wtTDP-43 interacts primarily with proteins of the ribonucleoprotein and
splicesome complexes and with paraspeckles, whereas the interactors of mutant TDP-43
(TDP-43ANLS) are components of the cytoplasmic stress granules (SG) and processing
bodies (P-bodies). Further investigation of selected interacting proteins revealed that
MAML1T may be a unique wtTDP-43 interactor, while SFPQ, NONO and FUS are common
interactors of both TDP-43 variants, but are more abundant in the wtTDP-43 fraction.



For ATXN2L and PUM1, our results showed that they are unique interactors of mutant
TDP-43.

Discussion: The protein interactions of TDP-43, both in the presence and absence of NLS,
resulted in a list of interacting proteins. Some of these proteins are common to both
wtTDP-43 and TDP-43ANLS, suggesting that TDP-43 is not the only mislocalized protein in
neurodegenerative diseases such as ALS and FTD. For instance, we observed that the
nuclear protein SFPQ interacts with TDP-43ANLS, which mimics pathological conditions.
This result is consistent with the study by Luisier et al. showing that SFPQ is mislocalized
to the cytoplasm in pathology*. This suggests that, in addition to TDP-43, several other
RNA-binding proteins leave the nucleus and do not return to the nucleus to resume their
normal localization and biological function. Thus, pathological mechanisms leading to ALS
may involve loss of regulatory functions related to paraspeckle function and/or
transcription. The altered subcellular localization of TDP-43 in ALS has raised questions
about its function since its discovery. However, it is still unknown whether the protein
loses functions, acquires new ones or both under pathological conditions. In our study,
we identified not only common but also unique interactors of wtTDP-43 and TDP-43ANLS.
This implies a dual role of TDP-43 in terms of interactions in pathology - where it can both
gain and lose interactions and with these functions. According to the findings of the
present study, pathological mechanisms could also be associated with SG and P-bodies
due to enhanced interactions of P-bodies and stress-related proteins with mutant TDP-
43ANLS. In addition, the novel interactors of TDP-43 identified in this study could also be
involved in the aggregation mechanism or have neuroprotective effects.

Conclusions: This study provides important insights into the altered protein interactions
of TDP-43 under pathological conditions resembling ALS and FTD. Our research has
shown that both wtTDP-43 and mutant TDP-43ANLS interact with a distinct yet
overlapping set of proteins, highlighting the complexity of the role of TDP-43 in
neurodegenerative diseases. Understanding the functions of these interacting proteins
could potentially pave the way for their use as therapeutic targets and biomarkers for the
treatment and diagnosis of ALS.
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