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SarkoSpin: A Technique for Biochemical Isolation and Characterization of Pathological TDP-43 Aggregates
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TDP-43 is the main aggregating protein in neurodegenerative diseases such as amyotrophic lateral sclerosis (ALS) and frontotemporal lobar degeneration (FTLD). Aggregated TDP-43 is resistant to diverse detergent solubilization, yet physiological TDP-43 and other abundant proteins commonly copurify with pathological TDP-43. This mixed isolation has precluded the elucidation of the biochemical and structural features of the pathological TDP-43 and its role in disease. Here we describe SarkoSpin, a method for the isolation of pure pathological TDP-43 from patient autopsy brain by sample solubilization with Sarkosyl after nuclease treatment. This purification, which is also applicable to cell culture material, permits the study of biochemical properties of exclusively pathological TDP-43, allowing for the first time the determination of their link to the clinical presentation of FTLD. This method opens up a path for the study of pathological TDP-43 at the molecular and structural level in the heterogeneous spectrum of ALS and FTLD cases.

 [START_REF] Soto | Unfolding the role of protein misfolding in neurodegenerative diseases[END_REF]. In two of the most devastating forms, amyotrophic lateral sclerosis (ALS) and frontotemporal lobar degeneration (FTLD), the principal aggregating protein is TAR-DNA binding protein 43 (TDP-43) [START_REF] Ling | Converging mechanisms in ALS and FTD: disrupted RNA and protein homeostasis[END_REF]. Under pathological conditions, TDP-43 is abnormally ubiquitinated, hyperphosphorylated and proteolytically cleaved, and is sequestered in insoluble cytoplasmic inclusions that include both the full-length protein as well as its highly-aggregation prone C-terminal fragment [START_REF] Neumann | Ubiquitinated TDP-43 in frontotemporal lobar degeneration and amyotrophic lateral sclerosis[END_REF][START_REF] Arai | TDP-43 is a component of ubiquitin-positive tau-negative inclusions in frontotemporal lobar degeneration and amyotrophic lateral sclerosis[END_REF]. TDP-43 inclusions account for virtually all ALS patients and for up to 45% of FTLD patients, suggesting that ALS and FTLD are the two ends of a single clinical, genetic and pathological spectrum [START_REF] Ling | Converging mechanisms in ALS and FTD: disrupted RNA and protein homeostasis[END_REF]. FTLD cases can be subdivided into at least three subtypes (A, B and C) based on the shape and location of the aggregated TDP-43 [START_REF] Lee | Expansion of the classification of FTLD-TDP: distinct pathology associated with rapidly progressive frontotemporal degeneration[END_REF], and it was recently shown that different biochemical features of the pathological TDP-43 may underlie this heterogeneity [START_REF] Laferriere | TDP-43 extracted from frontotemporal lobar degeneration subject brains displays distinct aggregate assemblies and neurotoxic effects reflecting disease progression rates[END_REF]).

An RNA-binding protein [START_REF] Buratti | Nuclear factor TDP-43 and SR proteins promote in vitro and in vivo CFTR exon 9 skipping[END_REF], TDP-43 forms physiological oligomers that are required to perform its indispensable role in RNA splicing regulation [START_REF] Afroz | Functional and dynamic polymerization of the ALS-linked protein TDP-43 antagonizes its pathologic aggregation[END_REF]. Pathological TDP-43 becomes resistant to solubilization by a wide range of detergents, but its isolation from physiological TDP-43 in brain tissue is hindered by protein-protein and protein-RNA interactions in the lysate. TDP-www.bio-protocol.org/e3424 Bio-protocol 9(22): e3424. DOI:10.21769/BioProtoc.3424 xxxx55555111112000 43 and other RNA-binding proteins containing low complexity domains may form homo-and heterooligomeric species in complex with nucleic acids that become partially insoluble.

Here, we describe SarkoSpin, a purification assay for the isolation of pathological TDP-43 from patient brain tissue by utilizing a single-step solubilization with nuclease treatment [START_REF] Laferriere | TDP-43 extracted from frontotemporal lobar degeneration subject brains displays distinct aggregate assemblies and neurotoxic effects reflecting disease progression rates[END_REF]. This technique allows for the isolation of pure pathological TDP-43 from 99.8% of the total protein mass, including proteins that form big complexes in their physiological state, such as actin or histones. Isolated TDP-43 is pathologically modified and becomes polyubiquitination, hyperphosphorylated and Cterminally cleaved. Importantly, purified TDP-43 is free from the presence of other RNA-binding proteins containing low-complexity domains, such as hnRNPA1 (heterogeneous nuclear ribonucleoprotein A1), hnRNPH (heterogeneous nuclear ribonucleoprotein H), FUS (fused in sarcoma) or SOD1 (superoxide dismutase 1), which are also associated with ALS and FTLD. The isolation of pure fractions of pathological TDP-43 in combination with other high-resolution techniques will represent a major advancement in the understanding of the molecular mechanisms and structural differences of TDP-43 underlying ALS and FTLD heterogeneity. 5. Chop the brain sample on the balance into smaller portions with the sterile scalpel.

Materials and Reagents

6. For homogenization, transfer the tissue pieces into the 2 ml-tube from the lysing kit, containing a mixture of ceramic beads with a diameter of 1.4 and 2.8 mm. 7. Add HS buffer in a ratio of 5:1 to the amount of tissue. For example, for the maximum of 300 mg per tube, add 1.5 ml 1x HS buffer (Recipe 2).

8. Homogenize the samples in a Minilys device three times for 30 s each at maximum speed. Cool down the sample on ice between rounds. 9. Let the sample set down for the froth to disappear. A short spin of the tube in a table-top microfuge will help. 10. Vortex quickly at low speed while avoiding creating new froth.

11. Divide the homogenate into aliquots of 150 µl in low protein binding 1.5 ml tubes.

12. Keep 10 µl aliquot from the original homogenate to check levels of phosphorylated TDP-43 in the sample by Western blot and 5 µl for protein concentration determination (directly add to 45 µl 1x HS buffer to dilute it). This step will allow determining whether homogenates indeed have comparable starting protein concentrations, and therefore SarkoSpin the on homogenates from different brain samples will be comparable. When performing SarkoSpin from cultured cell samples, cell lysis and solubilization are performed in a combined step as follows:

1. Per well of a 6-well plate, lyse cells in 100 µl 1x HS buffer 0.5% Sarkosyl.

2. Add 5 µl of Benzonase mix for cells (Recipe 3). 4. Ultracentrifuge at 400,000 x g for 45 min at 4 °C with maximum acceleration and deceleration.

5. Carefully remove the tubes from the centrifuge buckets with tweezers and keep them at 4 °C before fractionation with a piston fractionator associated with a fraction collector.

6. Insert a divisible 250 µl PCR in the collector holder.

7. Rinse the piston before and after each gradient by fractionating of a tube filled with water and using the "rinse" button.

8. Air dry the piston after the washing steps by opening the air screw and pressing the button Air to make it blow through the piston. Screw it back gently after drying.

9. Place the gradient to fractionate in the tube holder, clipped with the cap. 2. donated upon written informed consent from all subjects and the respective institution obtained the clinical information for research purposes.
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 81 Figure 1. Schematic representation of the SarkoSpin protocol. A. Brain autopsy tissue is mechanically homogenized and divided into single-use aliquots, which are snap-frozen for future uses. B. Aliquoted homogenates are solubilized in a sarkosyl-based buffer and treated with nuclease in order to disrupt major protein-protein and protein-RNA complexes, before C. the bulk of insoluble pathological TDP-43 can be isolated in a single spin. (D, E) Alternatively, the biochemical properties of the insoluble pathological TDP-43 can be analyzed by different analytical centrifugation methods.

  13. Snap-freeze the 150 µl aliquots on dry ice and store at -80 °C. Homogenate aliquots are good for SarkoSpin purification for months to years if properly stored at -80 °C. B. Solubilization (Figure 1B) 1. Thaw the homogenate aliquots (from Step A13) on ice. 2. Add 50 µl of Benzonase mix (Recipe 3) to each sample. 3. Incubate at room temperature for 5 min. 4. Add 200 µl of 2x HS buffer 4% Sarkosyl (Recipe 4) to each sample. 5. Incubate in a Thermo Mixer at 38 °C and shaking at 600 rpm for 45 min.

3 .Figure 2 .

 32 Figure 2. Representative Western blots of the supernatant and pellet fractions from SarkoSpin isolation. Pathological phosphorylated TDP-43 is enriched in the pellet fraction of samples from FTLD patients but not in healthy controls, while the bulk of the physiological TDP-43 remains soluble. Importantly, abundant cellular proteins such as SOD1, actin and histone H3 also remain in the supernatant fraction.

  b. Pipette the 10% OptiPrep cushion into the tube until a few mm above the drawn line. c. Carefully inject the 25% OptiPrep cushion at the bottom of the tube with the provided steel cannula, thereby pushing the previous 10% OptiPrep cushion up, until the interface reaches the mid-tube mark. d. Close the tube with the provided short cap, removing the remaining air inside. e. Use the scroll and spirit level on the Gradient Master in order to make the Magnabase horizontal. f. Place the tubes in the Magnabase, and transfer onto the Gradient Master plate. g. Run the program: SW60-1 step://1 min 10 s//82º //20 rpm//. h. Once finished, carefully remove the tube caps and remove approximately 150 µl of the upper layer of the gradient. i. Weigh the tubes containing the gradients and balance them as precisely as possible (to the decigram level). 3. Carefully lay 200 µl of the solubilized homogenate (Step B5) over the top of the gradient.
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 10 Let the piston go down with the position roll until the liquid reaches the collector head. www.bio-protocol.org/e3424 Bio-protocol 9(22): e3424. DOI:10.21769/BioProtoc.3424 xxxx55555111112000 11. Reset position and enter the program the following program: Speed: 0.5/Distance: 2.96/Number: 16 12. Press Start. The fractionator will automatically fractionate the gradient into 16 fractions in the divisible 96-well PCR plate. 13. Repeat the washing and drying (Steps D7 and D8) before fractionating another gradient. E. Density flotation assay (Figure 1E, continues from Step B5) 1. Prepare the OptiPrep gradient cushions as indicated in Table
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 1 Prepare the OptiPrep gradient cushions as indicated in Table1.

Table 1 . Recipe for the OptiPrep gradient cushions required for the velocity sedimentation assay.

 1 For 2x HS buffer 1% Sarkosyl, see Recipe 9. For the commercial OptiPrep solution (60%), see Materials and Reagents.

	Reagents	10% OptiPrep	25% OptiPrep
	2x HS buffer 1% Sarkosyl	9 ml	9 ml
	OptiPrep solution (60%)	3 ml	7.5 ml
	Distilled water	6 ml	1.5 ml
	Total volume	18 ml	18 ml
	2. Use a Gradient Master to prepare the linear OptiPrep gradient in 4.2 ml SW60 rotor tubes as
	follows:		

a. With the tube in the marker block for an SW 60 Ti rotor, draw a line at the middle of the tube for short caps.

Table 2 . Recipe for the OptiPrep gradient cushions required for the density flotation assay.

 2 For 8x HS buffer 4% Sarkosyl, see Recipe 8. For the OptiPrep solution (60%), see , pH 7.5, 1.2 M NaCl, 4 mM EDTA, 8 mM DTT, with protease inhibitors and 4% Sarkosyl (w/v). Stable at 4 °C for one month without inhibitors (f)

	Materials and Reagents.				
	Regents	10% OptiPrep	20% OptiPrep	30% OptiPrep	50% OptiPrep
	8x HS buffer 4% Sarkosyl	750 µl	750 µl	750 µl	1125 µl
	OptiPrep solution (60%)	1000 µl	2000 µl	3000 µl	7500 µl
	Distilled water	4250 µl	3250 µl	2250 µl	375 µl
	Total volume	6000 µl	6000 µl	6000 µl	9000 µl
	2. In order to prepare the discontinuous OptiPrep gradient, carefully lay the OptiPrep cushions in
	4.2 ml SW60 rotor tubes to create the discontinuous gradient in the following order (highest
	concentration at the bottom):				
	300 μl of pure (60%) OptiPrep solution			
	700 μl of the 50% OptiPrep cushion			
	800 μl of the mix (220 μl of solubilized homogenate from step B5 + 680 μl 50% OptiPrep cushion)
	for a final OptiPrep concentration of 40%			
	800 μl of the 30% OptiPrep cushion			
	800 μl of the 20% OptiPrep cushion			
	800 μl of the 10% OptiPrep cushion			
	Weigh the tubes after pipetting each cushion to balance them to the decigram level.
	3. Ultracentrifuge at 125,000 x g for 17 h at 4 °C with maximum acceleration and deceleration.
	4. Fractionate as describe from Step D5.			
	Data analysis				
	Depending on the application of the SarkoSpin isolation, insoluble TDP-43 can be analyzed with a
	wide variety of techniques, ranging from Western blots (after SDS-PAGE, native PAGE or filter

retardation assay, Figure 2) to high-resolution techniques like electron microscopy or mass spectrometry ( Laferriere et al., 2019). www.bio-protocol.org/e3424 Bio-protocol 9(22): e3424. DOI:10.21769/BioProtoc.3424 xxxx55555111112000
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