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Supplementary Figure S1. We found a significant increase in the number of GU repeats in
experimental CLIP-seq data (p-value 4><10_2, Wilcoxon signed-ranked test, one sided). Stronger
enrichment was found when ordering transcriptomic regions according to the cafRAPID score (p-
value 2><10_6, Wilcoxon signed-ranked test, one sided), thus suggesting enrichment of potential

TDP-43 targets. Source data are provided as a Source Data file.
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Supplementary Table S1. Candidate aptamers undergoing RNA and Protein Fitness scoring.
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Supplementary Figure S2. Example of binding curves of RRM1-2 with the aptamers. The
sensorgrams show the association and dissociation steps resulting from a bio-layer interferometry
experiments performed with RRM1-2 and Apt-1 (a) or nApt-1 (b). Each curve indicates binding
response as nm shift given by different protein concentrations, which range between 2.5 uM and
0.039 uM for Apt-1 and between 15 uM and 0.234 uM for nApt-1. Source data are provided as a

Source Data file.
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Supplementary Figure S3. Biolayer interferometry investigation of the binding between the
aptamers and control amyloidogenic proteins. a) Binding curves for Abeta42; b) Binding
curves for a-synuclein, red: Apt-1; yellow: nApt-1. At the highest tested concentration of 10 uM

no binding was observed for either protein.



Apt-1 and nApt-1 systems
Simulation time step 2 femtoseconds
Acquisition time step 100 picoseconds
algorithm of integration Leap-frog
MD software GROMACS
Force field AMBER99
Total time 1 pusecond*
Reference Temperature 300K
Temperature coupling modified Berendsen
Reference Pressure 1 bar
Pressure coupling Parinello-Rahman
box size 1 nm distance from structure
constraint - algorithm LINCS
RMSD fitting reference Protein + RNA
RMSD calculation reference Protein + RNA
Apt-1 nApt-1
Total number of atoms 104808 72955
Number of water molecules | 33902 23282

* The time is increased by steps of 1 psecond in the case the MD simulation is not converged in at

least the 60% fraction of the last microsecond.

Supplementary Table S2. Top: Parameters defined for the Molecular Dynamics of Apt-1 and
nApt-1 with RRM1-2; Bottom: Atom counts.
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Supplementary Figure S4. MD trajectories were run in explicit solvent. Simulations were carried
out setting the system temperature to 300 K. The equilibrium conditions were evaluated based on
the Root Mean Square Deviation (RMSD). Starting from 1 psec, we prolonged the simulation of
1 usec to confirm that the RMSD had only negligible fluctuations (<1 A) in at least the 60% of the

trajectory.
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Supplementary Figure S5. Structural analysis of Apt-1. a) Circular dichroism analysis of the

aptamer Apt-1, in which the spectrum displays the typical maxima and minima of an RNA

sequence without any noteworthy secondary structure; b) Prediction of the structure of Apt-1 by

means of the algorithm “RNAfold”, showing very poor base-pair probabilities and emphasizing

the linear nature of the sequence.
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Supplementary Figure S6. Contacts of the RRM1-2 binding site with Apt-1, nApt-1 and NMR

structures. Average and standard deviation of the distances are derived considering the

simulation at equilibrium (Supplementary Figure S4).



100
90
80
70
60
50
40
30
20
10

RRM1-2 aggregation (%)

——
——
e s b e s, s

—— —
——

0 4 8 12 16 20 24 28 32 36 40 44 48

Time (hours)

Kqatt, K4 at 24h K4 at 48h

94 nM 110 nM 201 nM

Supplementary Figure S7. Aggregation of RRM1-2 in the presence and absence of Apt-1 and
binding affinities at different time points. a) Continuous line: RRM1-2 by itself; long-dashed
line: RRM1-2 with Apt-1 co-incubated with the protein since t; short-dashed line: RRM1-2 with

Apt-1 added after 24 hours from the start of the assay (red vertical dashed line indicate the time of
addition of Apt-1). Aggregation was measured in triplicates on a 96-well plate by means of the dye
Proteostat, blanked with the buffer and normalised by considering the highest value reached after

48 hours to be 100 %. The experiment was repeated three times. b) K, values reported for the pair
RRMI-2—Apt-1 when adding the aptamer at t; (column 1), 24 hours (column 2) or 48 hours
(column 3) from the start of the aggregation process of RRM1-2. The K, was determined with BLI

as reported in the “Materials and Methods” section, with the exception that RRM1-2 was left to
aggregate at 37 °C under constant dual-orbital shaking. The experiment was performed in

triplicate. Source data are provided as a Source Data file.
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Clustered localizations SAVE Clustered localizations SAVE

Supplementary Figure S8: Representative full fields of view at each timepoint. Clustered
localizations (left panels, with time stamps) paired with their corresponding SAVE images (right
panels) shown as representative images of the total of 9 fields of view captured for each imaging
timepoint (Oh, 4h, 8h, 12h, 24h, 48h and 72h). Data from 3 independent experiments. Scale bar 10

um. Source data are provided as a Source Data file!.
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Supplementary Figure S9: Fraction of aggregates that are ThT-active. The fraction of
aggregates detected using Aptl that are ThT-active across the time course (mean +/- SD, n =3).

Source data are provided as a Source Data file'.
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Supplementary Figure S10. Histograms of the number of localizations for each aggregate.

The number of localizations measured for each of the aggregates detected (across three replica)

are presented in the histograms for each time-point. Source data are provided as a Source Data

file!.
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Supplementary Figure S11. Histograms of aggregate length. The lengths of all of the aggregates

detected (across three replica) are presented in the histograms for each time-point. Source data are

provided as a Source Data file!.
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Supplementary Figure S12. Histograms of areas for each aggregate. The area that the
localizations were projected onto for each of the aggregates detected (across three replica) are

presented in the histograms for each time-point. Source data are provided as a Source Data file'.
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0 hours 4 hours 8 hours 12 hours | 24 hours | 48 hours | 72 hours
20.58 nm | 22.23nm | 2037nm | 23.59nm | 1856nm | 14.97nm | 17.58 nm
14.69 nm 2048 nm | 17.59nm | 24.46 nm 17.38 nm 16.11 nm | 28.07 nm
14.39 nm 1542nm | 21.34 nm 19.46 nm | 24.71 nm 9.61 nm 17.57 nm
23.64nm | 15.75nm | 15.88nm | 28.05nm | 19.68 nm 21.2 nm 21.61 nm
22.39 nm 14.61 nm 17.71 nm 1948 nm | 25.11nm | 2522nm | 24.23 nm
23.22 nm 18.73 nm 17.14 nm 19.16 nm | 26.45nm | 20.23 nm 17.75 nm
1719 nm | 21.06 nm | 15.88nm | 1591 nm | 19.93 nm 1713 nm | 22.04 nm

18.4 nm 14.71 nm 20.1 nm 20.34 nm 15.09 nm 16.61 nm | 24.35 nm
20.02 nm 19.64 nm 18.42 nm 19.4 nm 18.89 nm 19.73 nm | 23.27 nm

Supplementary Table S3: Calculated resolutions for each image. The resolution of each image

was calculated using the Fourier Ring Correlation plug-in for imagel, available as part of the

GDSCSMLM package.
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Supplementary Figure S13: Aggregate detection of TDP-43, a-synuclein and Ap42 with Apt-
1 and nApt-1. a) Sample fields of view of clustered aggregates imaged with Apt-1 for respective
proteins. Data from 3 independent experiments. Scale bar is 5 um. b) Plot of mean cluster number
per um? showing a significant difference in the detection of aggregates with Apt-1 and nApt-1
only for RRM1-2. The data shown are means + SD of 9 fields of view. ****p<(0.0001, ns p>0.05;

analyzed by t-test. Source data are provided as a Source Data file!.
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DAPI (nuclei) eGFP_TDP-43 Atto590_Apt-1 Merge

Supplementary Figure S14: Wide field views of HeK 293T cells overexpressing TDP-43 and
Apt-1. a-d) The figures report examples of the three fluorescence channels (blue, green and red)
and the merged images acquired 24 hours after the cells were co-transfected with the plasmid for
the overexpression of eGFP_TDP-43 and Atto590 Apt-1. The images show similar distribution of
the aptamer and its target protein within living cells. Data from three independent experiments,

each time in duplicates. Scale bar =7 um.
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Supplementary Figure S15. Supplementary Fig. S6: Distribution of TDP-43 and Apt-1 or
nApt-1 in living cells. a-c): Cells co-transfected with eGFP_TDP-43 and Atto590 Apt-1 showing
overlapping distribution of the two fluorophores; d-f): Cells co-transfected with eGFP_TDP-43
and Atto590 nApt-1, in which the aptamer does not co-localise with the protein TDP-43; g-i):
Fluorescence profiles of DAPI, eGFP and Atto590 showing the distribution of the green of TDP-
43 and the red of Apt-1 (g-i) or nApt-1 (j-i), across the correspondent cell on the left; Right hand-

side panel: Mander's overlap values relative to the cell displayed on the left. Scale bar =2 um.
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Supplementary Figure S16. Three-dimensional images of Hek 293T cells overexpressing

eGFP_TDP-43. The selected examples refer to cells with nuclear TDP-43 distribution (a) or
cytosolic aggregated TDP-43 (b-c), and to cells co-transfected with Atto Apt-1 (d-f) in which the
aptamer overlaps with TDP-43, giving the yellow colour (derived from the green of eGFP_TDP-
43 and the red of Atto_Apt-1); (g-i) show cells co-transfected with eGFP_TDP-43 and Atto nApt-
1, in which instead the aptamer does not recognise the target protein. 3D images average size: 20

x 20x 12.5 pm; Z: 0.5 pm. Scale bar =2 um.
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Aggregate imaging

Name Sequence 5'-3' Modifications Supplier
Apt-1 ATTO590 CGGUGUUGCU_ATTOS590 | 3' ATTO-590 NHS Ester ATDBio
“F” indicates Fluorination of
Apt-

CFGGUGUUGCU_ATTO590 the base. ATDBio
3" ATTO-590 NHS Ester.
“F” indicates Fluorination of
ATTO590 AGFCAACACCGF the base. ATDBio

1_ATTOS590 2Fluoro-C

nApt-1_ATTO590

2Fluoro-G 5' ATTO-590 NHS Ester.
Cell imaging
Name Sequence 5'-3' Modifications Supplier
“F” indicates Fluorination of
| ATTO 5§§t-21:1 ¢ CFGGUGUUG'CU_ATTO590 the base. I“;Z%{}fgﬁ)l)gs’*
= T ot 3' ATTO-590 NHS Ester. g
“F” indicates Fluorination of
| ATTO o ATTOS90_AG'CAACACCG! the base. I“{Z%{}fgﬁ)gl)f:s’*
- - 5' ATTO-590 NHS Ester.
Biolayer interferometry
Name Sequence 5'-3' Modifications Supplier
Apt-1_Biotin CGGUGUUGCU-Biotin 3’ Biotinylation Sigma Aldrich
nApt-1_Biotin Biotin-AGCAACACCG 5’ Biotinylation Sigma Aldrich

Supplementary Table S4: Aptamer sequences and modifications. Different modifications were

used for Apt-1 and nApt-1 depending on the experimental application.
#

1. Zacco, E. et al. Probing TDP-43 Condensation using an In Silico Designed Aptamer. Zenodo (2022)

doi:10.5281/zenodo.6533779.
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