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INTRODUCTION AND AIM OF THE PROJECT

Protein misfolding and aggregation are hallmarks of neurodegenerative diseases, 
including amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD). 
A defining feature of both conditions is the accumulation of misfolded transactive 
response DNA-binding protein (TDP-43) in the brains of affected patients. This 
project aims to develop a new methodology to study the mechanism of 
aggregation of the CTD of TDP-43 by solution Nuclear Magnetic Resonance 
(NMR). This approach allows us to investigate with residue-specific structural 
information the effect of possible inhibitors of the aggregation kinetics.
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Aggregation kinetics of the C-terminal domain of TDP-43 monitored by continuous acquisition of solution 
NMR ¹H–¹⁵N sofastHMQC spectra over two days under quiescent conditions 

Conditions: 10 µM of CTD of TDP-43
in 20 mM Acetate, pH 4

150 mM NaCl buffer
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Shaking conditions

Fluorescent measurement

Intensity ratio between the integrals of the 
last and the first spectrum for each residue. 
The overall intensity decreases by about 
70%. 
Some residues (blue bars), mainly located in 
the hydrophobic region and in the GaroS2 
region, show a stronger effect, likely due to 
their involvement in the fibril core

Monitoring ThT emission at 495 nm (excitation 
wavelength 440 nm). 
Three main phases were observed: 
- lag phase lasting up to ~10 hours
- exponential growth phase 
- attainment of a plateau. 

The measurements were performed under the same 
conditions as the solution NMR experiments to 
confirm amyloid formation.

x0 = 22 hours

Conditions: 10 µM of CTD of TDP-43
in 20 mM Acetate, pH 4

150 mM NaCl buffer
+ 20 µM Tht

Residue-specific decrease in 
intensity over time.
The residues shown are those with 
the most significant decrease of 
intensity.
A lag phase is clearly observable at 
the beginning, lasting for 
approximately 10 hours, followed by 
a phase of intensity decrease and 
finally the reaching of a plateau. The 
decrease reaches the x₀ of the 
sigmoidal curve after approximately 
26 hours.

Aggregation kinetic of the C-terminal domain of TDP-43 followed by continuous acquisition of fluorescence 
spectra in quiescent conditions over 1.5 days 

Quiescent conditions

NMR

Acquisition of the first FID of the ¹H–¹⁵N sofast-HMQC experiment 
approximately every 45 minutes, leaving the samples under shaking in 

the meantime. 

Acquisition

Shaking

Conditions: 
15 µM of CTD of TDP-43
in 20 mM Acetate, pH 4

150 mM NaCl buffer
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Kinetic studies
NMR measurement

Fluorescence measurement

Quiescent experiments: 
1H-15N sofastHMQC spectra

acquisition in continuous

Shaking experiments: 
1^ FID of 1H-15N sofastHMQC

every ~45 minutes

Excitation λ = 440 nm
Acquisition range: 460 – 580 nm

NMR measurement

Comparison of the kinetics of the free protein (black ) and 
of the free protein in the presence of pre-formed fibrils 

(red) clearly highlights the effect of the pre-formed fibrils, 
which accelerate the aggregation process. 

CONCLUSIONS AND PERSPECTIVES

• Solution NMR proved to be a suitable technique to monitor residue-specific aggregation kinetics, 
allowing detailed visualization of the regions and residues most involved in the fibril core. 

• Fluorescence studies confirmed the presence of fibrils under the same conditions used for the NMR 
experiments. 

• The aggregation protocol under shaking conditions should be further optimized to slow down the 
process and allow the identification of possible effects of molecules interfering with aggregation. 

• Modify the aggregation conditions to test more physiological conditions
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Fluorescent measurement
Aggregation kinetic of the C-terminal domain of TDP-43 followed by 

acquisition of fluorescence spectra approximately every 30 min

Conditions: 
10 µM of CTD of TDP-43
in 20 mM Acetate, pH 4

150 mM NaCl buffer
+ 20 µM Tht

(+ 2.5 µM Anle 138b)

Shaking setup:
Acquisition every ~30 

minutes + shaking

Quiescent setup:
Over 40 hours, acquiring

spectra every hour 

Comparison of the kinetics of the free protein (green), the 
protein in the presence of a small molecule, Anle138b1 added 

at time 0 (red) and added after 90 min of shaking (blue). 

The addition of the small molecule after 90 minutes, shows 
a significant decrease of the fluorescence emission to 

respect to the free protein.  

x0 sigmoidal curves:
Free protein: 2 h15 min

Protein + Anle138b t0: 2 h 30 min
Protein + Anle138b t90: 1 h 40 min

x0 sigmoidal curves:
Free protein: 2 h 15 min

Free protein + PFF: 1 h 30 min
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