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Introduction/Hypothesis

Amyotrophic Lateral Sclerosis (ALS) is a fatal neurodegenerative
disease characterized by the progressive loss of central nervous
system motor neurons. A pathological hallmark of ALS is
dysfunction of Transactive Response DNA-binding Protein 43
(TDP-43), an RNA-binding protein encoded by TARDBP. In ALS,
TDP-43 mislocalization to the cytoplasm forms neurotoxic
aggregates [1]. The role of glial cells in disease progression is under
investigation, with studies finding TDP-43 inclusions in glial cells [2].
Among glial cells, the role of Schwann Cells in disease
pathophysiology has gained a spotlight [3]. Demyelination has been
associated with ALS progression [4], although the mechanisms by
which Schwann Cell TDP-43 inclusions impair myelin protein
synthesis remain obscure. Furthermore, how Schwann Caell
demyelination leads to downstream neuroinflammation and
neurodegeneration remains uncharacterized.

Prior to phosphorylation, TDP-43 can also be found in the cytoplasm
in the form of liquid droplets [5]. Impairment of nucleocytoplasmic
transport leads to passive cytoplasmic leakage of unphosphorylated
TDP-43 in neurons [5][6]. Given that this impairment pathway is
common for primary glial cells [7], we suggest Schwann cells are
subject to the same transport vulnerabilities and hypothesize that
initial cytoplasmic flooding of unphosphorylated TDP-43 in SCs
harms the myelinating AKT/PI3K pathway by causing dysfunction of
AKT2, a key protein in myelin synthesis [8], through interaction of
the two proteins. This would lead to impaired myelin maintenance
with dysfunctional lipid metabolism [9]. Dysfunctional SC lipid
metabolism causes abnormalities, including mitochondrial deficits
and accumulation of acylcarnitines [9]. A separate study
demonstrated that acylcarnitines activate pro-inflammatory
pathways [10]. Consequently, SC metabolic dysfunction may
exacerbate neuroinflammation. Peripheral neuroinflammation
would, in turn, enhance neurodegeneration by driving distal
axonopathy [11].

Results and Figures

Figure 2 : AKT2 + TDP-43
Complex. Red = AKT2 Blue =
TDP-43.

642 residues in total.

Static MM/GBSA revealed : AKT2 + TDP-43 show -46.01
kcal/mol , -21.44 kcal.mol for AKT1+ TDP-43 ; -30.01 for AKT3
+ TDP-43 , -33.01 for Actin + TDP-43 ; -15.17 for GAPDH +
TDP-43 ; -38.89 for MAPTK1 + TDP-43A. AKT2 + TDP-43
presented the highest score among control and other AKT
isoforms with TDP-43, suggesting a favorable static
association.

Methods

I] Static Docking Analysis

Static Docking Analysis was done using HDOCK [12][13][14][15][16] and
HawkDock [17][18][19][20] between AKT isoforms and TDP-43 to
confirm AKT2 selectivity. Actin, GAPDH, and MAPK1 were assigned as
negative controls.

Additionally, static MM/GBSA analysis was performed using the
prebuilt HawkDock system [21][22][23][24][25], and the values were
used to compare docking qualities with control and AKT isoform
samples, since MM/GBSA accounts for Van Der Waals interactions.
The top-scoring model was then run for interface residue analysis
using HDOCK to check for key residues.

2] Molecular Dynamics (MD)

Following Static Docking analysis, molecular dynamics were studied
using GROMACS (version 2021.7). Due to technical limitations, the
production MD simulation was restricted to 40 ns, executed with the
leapfrog integrator under NPT conditions. The following analyses
were done:

e Root Mean Square Deviation (RMSD) was calculated to assess the
conformational stability of the TDP-43-AKT2 complex over time.

e The number of intermolecular contacts between TDP-43 and AKT2
was analyzed, averaging over 40 nanoseconds, to roughly
evaluate the physical interface size.

e Radius of Gyration (Rg) analysis was performed over 40 ns to
assess the compactness of the AKT2-TDP-43 complex.

e Hydrogen bond analysis was performed across the 40 ns
production run to monitor the persistence and dynamics of key
non-covalent interactions.
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Following up with the Molecular Dynamics (MD), RMSD increased LLI
during the first ¥ 3 ns, reflecting structural relaxation of the docked
complex, before reaching a relatively stable plateau around 0.66-0.70 -119.53
nm. For a big complex that is AKT2+TDP, a 0.7 nm plateau is common, AGbind (MM/GBSA) AVDWAALS

confirming structural stability of the complex.
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The results of the
number of
intermolecular
contacts analysis
revealed
persistent
intermolecular
association
throughout the 40
nanoseconds
trajectory.

Results show -64.26 kcal/mol for MM/GBSA and
-119.53 for Van Der Waals forces, supporting
favorable complex stability and association.
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Figure 9 : Visual representation
of the hypothesized pathway
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Following an initial equilibration period, the
average number of hydrogen bonds increased,
reaching 2311 + 3.73, suggesting that structural
relaxation of the docked complex allowed
optimization of the binding interface. The
absence of prolonged losses in hydrogen
bonding indicates that the interaction interface
remained continuously engaged.

[1]1 Xu Z, et al. TDP-43-The key to understanding amyotrophic lateral sclerosis. Rare Dis. 2014;2(1):e944443.

[2] Lewis KN, et al. Schwann cells as a therapeutic target for amyotrophic lateral sclerosis: A TDP-43 focussed review.
Neurochem Int. 2025;190:106055.

[3] Moss KR, et al. Schwann cells in neuromuscular disorders: A spotlight on amyotrophic lateral sclerosis. Cells. 2025;14(1):47.
[4] Toko M, et al. Myelin measurement in amyotrophic lateral sclerosis with synthetic MRI: A potential diagnostic and predictive
method. J Neurol Sci. 2025; 468:123337.

[5] Gasset-Rosa F, et al. Cytoplasmic TDP-43 de-mixing independent of stress granules drives inhibition of nuclear import, loss
of nuclear TDP-43, and cell death. Neuron. 2019;102(2):339-357.

[6] Jo M, et al. The role of TDP-43 propagation in neurodegenerative diseases: Integrating insights from clinical and
experimental studies. Exp Mol Med. 2020;52(10):1652-1662.

[7] Dewey CM, et al. TDP-43 is directed to stress granules by sorbitol, a novel physiological osmotic and oxidative stressor. Mol
Cell Biol. 2011;31(5):1098-1108.

[8] Domenech-Estévez E, et al. Akt regulates axon wrapping and myelin sheath thickness in the PNS. J Neurosci.
2016;36(16):4506-4521.

[9] Viader A, et al. Aberrant Schwann cell lipid metabolism linked to mitochondrial deficits leads to axon degeneration and
neuropathy. Neuron. 2014;77(5):886-898.

[10] Rutkowsky JM, et al. Acylcarnitines activate proinflammatory signaling pathways. Am J Physiol Endocrinol Metab.
2014;306(12):E1378-E1387.

[11] Trias E, et al. Schwann cells orchestrate peripheral nerve inflammation through the expression of CSF1, IL-34 and SCF in
amyotrophic lateral sclerosis. Glia. 2020;68:1165-1181.

[12] Yan Y, et al. The HDOCK server for integrated protein-protein docking. Nat Protoc. 2020;15:1829-1852.

[13] Yan Y, et al. HDOCK: A web server for protein-protein and protein-DNA/RNA docking based on a hybrid strategy. Nucleic
Acids Res. 2017;45(W1):W365-W373.

[14] Yan Y, et al. Addressing recent docking challenges: A hybrid strategy to integrate template-based and free protein-protein
docking. Proteins. 2017;85(3):497-512.

[15] Huang SY, et al. A knowledge-based scoring function for protein-RNA interactions derived from a statistical
mechanics-based iterative method. Nucleic Acids Res. 2014;42(7):e55.

[16] Huang SY, et al. An iterative knowledge-based scoring function for protein-protein recognition. Proteins.
2008;72(2):557-579.

[17] Chu LS, et al. Flexible protein—protein docking with a multitrack iterative transformer. Protein Sci. 2024;33(2):e4862.

[18] Zacharias M. Protein—protein docking with a reduced protein model accounting for side-chain flexibility. Protein Sci.
2003;12(6):1271-1282.

[19] Feng T, et al. HawkRank: A new scoring function for protein-protein docking based on weighted energy terms. J
Cheminform. 2017;9(1):66.

[20] Hou TJ, et al. Empirical aqueous solvation models based on accessible surface areas with implicit electrostatics. J Phys
Chem B. 2002;106(43):11295-11304.

[21] Hou TJ, et al. Assessing the performance of the MM/PBSA and MM/GBSA methods: I. The accuracy of binding free energy
calculations based on molecular dynamics simulations. J Chem Inf Model. 2011;51(1):69-82.

[22] Sun HY, et al. Assessing the performance of MM/PBSA and MM/GBSA methods. 4. Accuracies of MM/PBSA and
MM/GBSA methodologies evaluated by various simulation protocols using PDBbind data set. Phys Chem Chem Phys.
2014;16(31):16719-16729.

[23] Chen F, et al. Assessing the performance of the MM/PBSA and MM/GBSA methods. 6. Capability to predict protein-protein
binding free energies and re-rank binding poses generated by protein-protein docking. Phys Chem Chem Phys.
2016;18(18):22129-22139.

[24] Wang E, et al. VAD-MM/GBSA: A variable atomic dielectric MM/GBSA model for improved accuracy in protein—-ligand
binding free energy calculations. J Chem Inf Model. 2020;60(11):5353-5365.

[25] Liu X, et al. Accurate and efficient calculation of protein-protein binding free energy-interaction entropy with residue
type-specific dielectric constants. J Chem Inf Model. 2019;59(1):272-281.




