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SUMMARY:  35 
The goal of this article is to outline the steps required for the generation of fibrils from 36 
monomeric alpha-synuclein, subsequent quality control, and use of the preformed fibrils in vivo.  37 
 38 
ABSTRACT:  39 
Use of the in vivo alpha-synuclein preformed fibril (α-syn PFF) model of synucleinopathy is gaining 40 
popularity among researchers aiming to model Parkinson’s disease synucleinopathy and 41 
nigrostriatal degeneration. The standardization of α-syn PFF generation and in vivo application is 42 
critical in order to ensure consistent, robust α-syn pathology. Here, we present a detailed 43 
protocol for the generation of fibrils from monomeric α-syn, post-fibrilization quality control 44 
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steps, and suggested parameters for successful neurosurgical injection of α-syn PFFs into rats or 45 
mice. Starting with monomeric α-syn, fibrilization occurs over a 7-day incubation period while 46 
shaking at optimal buffer conditions, concentration, and temperature. Post-fibrilization quality 47 
control is assessed by the presence of pelletable fibrils via sedimentation assay, the formation of 48 
amyloid conformation in the fibrils with a thioflavin T assay, and electron microscopic 49 
visualization of the fibrils. Whereas successful validation using these assays is necessary for 50 
success, they are not sufficient to guarantee PFFs will seed α-syn inclusions in neurons, as such 51 
aggregation activity of each PFF batch should be tested in cell culture or in pilot animal cohorts. 52 
Prior to use, PFFs must be sonicated under precisely standardized conditions, followed by 53 
examination using electron microscopy or dynamic light scattering to confirm fibril lengths are 54 
within optimal size range, with an average length of 50 nm. PFFs can then be added to cell culture 55 
media or used in animals. Pathology detectable by immunostaining for phosphorylated α-syn 56 
(psyn; serine 129) is apparent days or weeks later in cell culture and rodent models, respectively.   57 
 58 
INTRODUCTION:  59 
Parkinson’s disease (PD) is primarily characterized postmortem by two major pathological 60 
features: widespread and progressive alpha-synuclein (α-syn) pathology, and nigrostriatal 61 
degeneration. Following injection into wildtype mice or rats, α-syn preformed fibrils (PFFs) induce 62 
progressive accumulation of pathological α-syn, which can result in protracted degeneration of 63 
substantia nigra pars compacta (SNpc) dopamine neurons over the course of many months, as 64 
well as sensorimotor deficits1-7. Neurons are exposed to α-syn fibrils, either via direct 65 
intracerebral injection or added to the media of cultured neurons. When the PFFs are taken into 66 
the neurons, the PFFs act to “seed” the formation of inclusions through templating, and 67 
accumulation of endogenous α-syn into phosphorylated inclusions1,8-10. Inclusions share similar 68 
properties to Lewy bodies: containing α-syn phosphorylated at serine 129 (pSyn), ubiquitin, and 69 
p62; possess amyloid quaternary structures as shown with positive thioflavin staining; and are 70 
resistant to proteinase K digestion1,3,5,7,8-13. PFF exposure leads to α-syn inclusion formation in 71 
primary and some immortalized neurons in culture, as well as mice, rats, and non-human 72 
primates in vivo1-10,14. It is important to note that PFFs will not lead to α-syn inclusion formation 73 
in all cell culture models and some cultured neurons will seed better than others.  74 
 75 
Another important feature of the in vivo α-syn PFF model is the distinct sequential pathological 76 
phases that emerge over several months. In rodents, following intrastriatal injection, α-syn 77 
inclusion formation generally peaks within the SNpc and many cortical regions within 1-2 months. 78 
This aggregation peak is followed by nigrostriatal degeneration ≈2-4 months later1,3,5,7. These 79 
distinct pathological stages provide researchers the platform with which to study and develop 80 
strategies that 1) decrease α-syn aggregation, 2) clear already formed α-syn inclusions, and/or 3) 81 
prevent subsequent neurodegeneration. The PFF model offers distinct advantages and 82 
disadvantages as compared to neurotoxicant, transgenic, and viral vector mediated α-syn 83 
overexpression models as previously reviewed6. The choice of which model or approach to take 84 
should be determined by which model best suits the question the investigators are asking.  85 
 86 
Although the PFF model has been successfully utilized by many labs, there are still groups that 87 
have experienced inconsistencies with generating fibrils and producing consistent α-syn 88 



  

pathology15. Examples of inconsistencies range from PFFs that produce little or no α-syn 89 
pathology, batch to batch seeding efficiency, and even the failure of fibrils to form. Thus, the 90 
standardization of α-syn PFF generation and in vivo application is critical in order to allow for 91 
accurate interpretations regarding the impact of novel therapeutic interventions. The following 92 
protocol outlines the steps required for the generation of PFFs from α-syn monomers, the in vitro 93 
quality control of the PFFs once formed, the sonication and measurement of PFFs prior to use, 94 
and suggestions to facilitate successful in vivo injection of PFFs into rats or mice.  95 
 96 
PROTOCOL:  97 
 98 
All methods involving animals have been approved by the Michigan State University Institutional 99 
Animal Care and Use Committee (IACUC). 100 
 101 
1. Formation of α-synuclein preformed fibrils from monomers (Figure 1) 102 
 103 
1.1 Thaw α-synuclein monomers on ice, gently resuspend by flicking the tube, and centrifuge 104 
at 15,000 x g for 10 min at 4 °C. 105 
 106 
NOTE:  The α-syn monomer must be specifically formulated for fibrilization. Recombinant 107 
monomers can be purchased from commercial sources or generated by protocols on site4,10,15-16. 108 
If purchased from commercial sources, the product must state that the α-syn monomer is 109 
specifically for the generation of fibrils. Regardless of if the monomers are purchased or 110 
generated on site, the quality control steps outlined below should be performed with each batch 111 
to ensure fibrils have formed and will seed efficiently prior to use in experiments.  112 
 113 
1.2 Transfer supernatant to a clean 1.5 mL microcentrifuge tube and record the amount 114 
transferred.  115 
 116 
NOTE:  Be careful to avoid the pellet, which, if present, will be small. 117 
 118 
1.3 Measure the protein concentration of the transferred supernatant by either a standard 119 
bicinchoninic acid assay (BCA), or measuring the absorbance at 280 nm with a microvolume 120 
spectrophotometer.  121 
 122 
NOTE:  The BCA assay is not as accurate for the specific measurement of α-syn and can yield 123 
results overestimating protein concentration. As a result, measuring the absorbance at 280 nm 124 
is the recommended method for determining protein concentration. 125 
 126 
1.3.1.1 To measure with the BCA assay, follow standard BCA protocols and perform with three 127 
different dilutions of α-syn monomer. Suggested dilutions are 1:25, 1:50, and 1:100.  128 
 129 
1.3.2.1 To measure with the A280 method, blank the reader with sterile 1x Dulbecco’s phosphate 130 
buffered saline (dPBS) without calcium and magnesium, with a salt concentration of 131 
approximately 100 mM NaCl, and pH range 7.0-7.3 (Table of Materials).  132 



  

 133 
1.3.2.2 Add 2 µL of sample to the reader and read the absorbance at 280 nm. 134 
 135 
1.3.2.3 Use the Beer-Lambert law to determine concentration of the monomers.  136 
 137 

 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = (
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑎𝑡 280 𝑛𝑚

(𝐸𝑥𝑡𝑖𝑛𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝜀 ×𝑝𝑎𝑡ℎ 𝑙𝑒𝑛𝑔𝑡ℎ)
) × 𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 138 

 139 
NOTE:  Extinction coefficient ε for human α-syn is 5,960 M-1cm-1 and for mouse α-syn is 7,450 140 
M1cm-1. Pathlength is measured in cm. Molecular weight of α-syn (14 kDa) is estimated assuming 141 
1 Da = 1 g/mol. 142 
 143 
1.4 Dilute the monomers with 1x dPBS to a final concentration of 5 mg/mL. Use the equation 144 
below to calculate the amount of 1x dPBS added to dilute the monomers.  145 
 146 

 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 1𝑥 𝑑𝑃𝐵𝑆 𝑎𝑑𝑑𝑒𝑑 𝑡𝑜 𝑚𝑜𝑛𝑜𝑚𝑒𝑟𝑠 =  (
𝑀𝑜𝑛𝑜𝑚𝑒𝑟 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 × 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑚𝑜𝑛𝑜𝑚𝑒𝑟𝑠

5 𝑚𝑔/𝑚𝑙
) −147 

 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑚𝑜𝑛𝑜𝑚𝑒𝑟𝑠 148 
 149 
NOTE:  All concentrations are in mg/mL, and volumes in µL. Monomer dilutions should be 150 
performed with 1x dPBS. Total volume used to generate fibrils should be between 100 and 500 151 
µL to achieve reproducible fibrilization results. 152 
 153 
1.5 Briefly vortex to mix, and centrifuge to collect all liquid at the bottom of the tube. Aliquot 154 
monomers for quality control comparison with fibrils as indicated in steps 1.8.1 – 1.8.4. 155 
 156 
1.6 Use a tube lock or wax/plastic film (Table of Materials) to secure the microcentrifuge tube 157 
lid closed.  158 
 159 
1.7 Place the tube in an orbital thermomixer with a lid for 7 days at 37 °C, shaking at 1,000 160 
RPM (Table of Materials).  161 
 162 
NOTE:  At the end of the 7 days, the contents of the tube should appear turbid. The thermomixer 163 
must have a lid to prevent condensation formation on the tube lids. 164 
 165 
1.8 Gently flick the tube to resuspend the α-syn fibrils. Aliquot fibrils for the following quality 166 
control steps as indicated in steps 1.8.1 – 1.8.4. 167 
 168 
NOTE: Fibrils for quality control steps can be stored at RT overnight.  169 
 170 
1.8.1 Aliquot 6 µL for the sedimentation assay. 171 
 172 
1.8.2 Aliquot 5 µL for the thioflavin T binding assay.  173 
 174 
1.8.3 Aliquot 2 µL for the transmission electron microscopy for fibril visualization.  175 



  

 176 
1.8.4 Aliquot at least 10 µL for the endotoxin assay.  177 
  178 
NOTE: For endotoxin assay, a commercial Limulus Amebocyte Lysate (LAL) is used, following 179 
manufacturer’s instructions (Table of Materials). Endotoxin levels should be ≤0.5 endotoxin 180 
units/mL for the fibrils. An endotoxin removal kit can be used if this criterion is not met. 181 
 182 
1.9 Aliquot the remaining fibrils and store. For long term storage (12-18 months), rapidly 183 
freeze on dry ice, and store at -80 °C. 184 
 185 
NOTE:  The amount to aliquot depends on the desired downstream application. In vivo use 186 
typically requires more fibrils at higher concentrations than in vitro use, and aliquot volumes 187 
should be planned accordingly. Fibrils should be stored towards the back of the freezer to prevent 188 
damage from potential freeze/thaw. The protocol can be paused here. 189 
 190 
2. Sedimentation assay 191 
 192 
2.1 In a clean microcentrifuge tube, add 6 µL of PFF to 54 µL of dPBS to dilute fibrils 1:10, and 193 
pipet to mix.  194 
 195 
2.1.1 In a separate tube, add 6 µL of monomer to 54 µL of dPBS as an additional control. 196 
 197 
2.2 Centrifuge samples at 10,000 x g for 30 min at RT and transfer the supernatant to a clean 198 
microcentrifuge tube. 199 
 200 
2.3 Add 60 µL of dPBS to the remaining pellet and vortex to resuspend.  201 
 202 
2.4 Add 30 µL of 3x sample buffer (140 µL of 50% glycerol/0.1% bromophenol blue, 40 µL of 203 
10% SDS, and 20 µL of β-mercaptoethanol) to each tube and vortex to mix.  204 
 205 
2.5 Incubate samples at 100 °C for 10 min and allow to cool for 5 min on ice. 206 
 207 
2.6 Use a standard sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 208 
protocol to separate protein by mass. Use a protein ladder with a range that includes 14 kDa (the 209 
size band expected for monomeric α-syn). 210 
 211 
2.7 Transfer the gel into a staining dish and cover the gel with Coomassie blue stain (0.1% 212 
Coomassie brilliant blue, 20% methanol by volume, and 10% acetic acid by volume in ddH2O). 213 
Incubate for 3 h at RT while shaking. 214 
 215 
2.8 Pour off the Coomassie blue stain and add enough destain (50% methanol by volume, and 216 
10% acetic acid by volume in ddH2O) to cover the gel. Incubate for 30 min at RT while shaking.  217 
 218 
2.9 Pour off destain and repeat the destain step until the gel is clear and bands are visible.  219 



  

 220 
2.10 Wash the gel 3 times for 5 min each by shaking in ddH2O and image the gel. 221 
 222 
3. Transmission electron microscopy for fibril visualization 223 
 224 
3.1 Weigh 20 mg of uranyl acetate in a microcentrifuge tube and add 1 mL of ddH2O to make 225 
a 2% aqueous solution. Vortex until the uranyl acetate is in solution, and allow to sit overnight.  226 
 227 
NOTE:  Uranyl acetate should be made the day before preparing samples for transmission 228 
electron microscopy. Exposure to light or agitation can cause the uranyl acetate to precipitate, 229 
as such, the tube containing the uranyl acetate solution should be covered in aluminum foil, kept 230 
in a dark place, and not shaken after the uranyl acetate is in solution.  231 
 232 
3.2 Add 2 µL of PFF to 98 µL of dPBS to dilute fibrils 1:50, and then pipet to mix.  233 
 234 
3.3 Prepare a clean wax/plastic film (Table of Materials) covered surface (approximately 50 235 
mm x 50 mm) on the bench top. On the clean wax/plastic film (Table of Materials), add the 236 
following (Figure 2).  237 
 238 
3.3.1 Add 4 x 10 µL drops of ddH2O. 239 
 240 
3.3.2 Add 1 x 10 µL drop of diluted fibrils or monomer sample. 241 
 242 
3.3.3 Add 2 x 10 µL drops of 2% uranyl acetate. 243 
 244 
3.4 Use fine-tipped forceps to pick up a formvar/carbon coated, mesh copper transmission 245 
electron microscopy grid (Table of Materials).  246 
 247 
NOTE: Be sure to only pick up the grid by the edge, avoiding the mesh portion in the center 248 
(Figure 2A). If the forceps touch the mesh, the formvar/carbon coated film will be damaged, 249 
making imaging in that area of the grid impossible.  250 
 251 
3.5 Float the grid formvar/carbon coated side (shiny side) down on the first drop of ddH2O. 252 
Gently use the forceps to hold the grid and push down to ensure the entire coated surface is in 253 
contact with the ddH2O. Let the grid float for 1 min.  254 
 255 
3.6 Pick up the grid, and without touching the mesh portion of the grid, wick away the ddH2O 256 
with filter paper. 257 
 258 
3.7 Float the grid as above on the second drop of ddH2O for 1 min and wick away the ddH2O. 259 
 260 
3.8 Float the grid on the drop of diluted fibrils for 1 min and wick away the excess as above. 261 
 262 
3.9 Float the grid on the first drop of uranyl acetate for 1 min and wick away the excess. 263 



  

 264 
3.10 Float the grid on the second drop of uranyl acetate for 1 min, wick away the excess. 265 
 266 
3.11 Float the grid as above on the third drop of ddH2O briefly and wick away the ddH2O. 267 
 268 
3.12 Float the grid as above on the fourth drop of ddH2O briefly and wick away the ddH2O, 269 
being sure to remove as much ddH2O as possible.  270 
 271 
3.13 Transfer to a grid box for storage until imaging.  272 
 273 
NOTE:  Grids should dry for at least 5 min before imaging. Grids can be imaged for at least a year 274 
after preparation and should be kept in a dry environment.  275 
 276 
4. Thioflavin T assay 277 
 278 
4.1 In a clean microcentrifuge tube, add 5 µL of PFF to 245 µL of dPBS to dilute fibrils 1:50, 279 
and pipet to mix. 280 
 281 
4.2 Add 250 µL of dPBS to a separate microcentrifuge tube to serve as a negative control. 282 
 283 
4.3 Add 5 µL of monomer to 245 µL of dPBS to serve as the monomer control.  284 
 285 
4.4 Add 250 µL of thioflavin T in glycine buffer (25 µM thioflavin T, 100 mM glycine, 1% Triton 286 
X-100, pH 8.5) to each sample and gently mix.  287 
 288 
4.5 Pipet 2 replicates, 200 µL each, into a black 96 well plate. Keep plate in the dark to prevent 289 
photobleaching.  290 
 291 
4.6 Incubate for 1 h at RT and read the plate using an excitation of 450 nm and emission of 292 
510 nm. 293 
 294 
NOTE: Thioflavin T readings will fluctuate over time. Samples should be read at the same 295 
incubation time. If desired, multiple readings can be taken during the hour incubation and plotted 296 
over time. 297 
 298 
5. Sonication of α-synuclein preformed fibrils 299 
 300 
CAUTION: The sonicator and all sonication steps are performed in a culture hood to prevent 301 
exposure to fibrils that may aerosolize during sonication. The personnel performing the 302 
sonication steps should wear personal protective equipment, including gloves, clothing 303 
protection in the form of a lab coat, and a face shield while sonicating. Risk of fibril exposure can 304 
be reduced by sonicating with a cup horn sonicator, allowing the tube containing fibrils to remain 305 
closed during sonication.   306 
 307 



  

NOTE:  Optimal sonication parameters of fibrils are dependent on the model of sonicator used. 308 
For this reason, some optimization will need to be performed to ensure fibrils are the correct 309 
size. The sonicator used can be found in the Table of Materials and the parameters outlined are 310 
based on previous results with this model of sonicator. The parameters below will work for 2-4 311 
µg/µL of PFFs in 200-400 µL of solution. Test sonication with the instrument should be performed 312 
and fibrils analyzed to ensure desired results are achieved prior to use of PFFs in experiments.  313 
 314 
5.1 Attach a 3.2 mm diameter probe (Table of Materials) to the converter, and set the 315 
sonicator parameters as stated below in step 5.1.1 - 5.1.3. 316 
 317 
5.1.1 Set amplitude to 30%. 318 
 319 
5.1.2 Set the pulse to 01 01 (1 s on; 1 s off). 320 
 321 
5.1.3 Set the time to 0:01:00. 322 
 323 
NOTE:  1 min of pulsing equates to 60 pulses, and this model of sonicator (Table of Materials) 324 
will stop automatically. With other sonicator models, the number of pulses will need to be 325 
counted. 326 
 327 
5.2 Thaw fibrils at RT and dilute with sterile dPBS in a culture hood.  328 
 329 
NOTE:  A clear 0.6 mL microcentrifuge tube works best for sonication and the final fibril 330 
concentration depends on intended use. Representative results shown are from a final fibril 331 
concentration of 4 µg/µL. 332 
 333 
5.3 Wipe the probe of the sonicator with a lab tissue dampened with 70% ethanol to clean 334 
the probe. Submerge the tip of the probe in ddH2O and pulse 10 times to further clean the probe, 335 
and then wipe dry with a lab tissue.  336 
 337 
5.4 Place the probe tip into the tube of diluted fibrils, and position the tip at the bottom of 338 
the tube.  339 
 340 
5.5 Sonicate for 60 pulses (1 s on; 1 s off). Move the probe up and down during each pulse to 341 
ensure all of the fibrils in the liquid are sonicated. and clean. 342 
 343 
5.6 After 60 pulses, remove the probe from the PFFs, and add 2 µL of PFF to 98 µL of dPBS in 344 
a clean microcentrifuge tube to dilute fibrils 1:50 for sonicated fibril measurement by electron 345 
microscopy. 346 
 347 
NOTE: Ideally, a small subset of fibrils should be measured prior to in vivo injection and a more 348 
comprehensive measurement of fibrils performed when time permits.  349 
 350 
5.7 After sonication, briefly centrifuge PFFs for 1 s at 2,000 x g to collect all liquid off the sides 351 



  

of the tube. 352 
 353 
CAUTION: If the tube becomes hot to the touch, stop sonicating after 30 pulses, wait 1 min, and 354 
sonicate for the final 30 pulses. 355 
 356 
NOTE:  While sonicating, keep the probe tip towards the bottom of the liquid at the start of each 357 
pulse, too close to the top of the liquid will cause sample loss. 358 
 359 
5.8 Submerge the probe tip in 1% SDS and pulse 10 times to clean the probe. Remove the tip 360 
from the SDS, submerge in ddH2O and pulse 10 times.  361 
 362 
5.9 Wipe the probe with a lab tissue dampened with 70% ethanol, and then wipe the probe 363 
with a dry lab tissue. Detach the probe from the converter and store. 364 
 365 
5.10 Wipe down all surfaces in the hood with 1% SDS, followed by 70% ethanol.  366 
 367 
NOTE: The 1% SDS solution is used to dissociate fibrils and clean surfaces and equipment17.  368 
 369 
5. Transmission electron microscopy for the measurement of sonicated fibrils 370 
 371 
NOTE: If electron microscopy is not feasible, a thioflavin T kinetics assay, and dynamic light 372 
scattering can be used as indirect measures of seeding efficiency and fibril size4,15.    373 
 374 
6.1 Prepare samples using the protocol from the “Electron microscopy for fibril visualization” 375 
section above.  376 
 377 
6.2 Use a transmission electron microscope to take an image of fibrils from 6 to 10 different 378 
grid openings.  379 
 380 
NOTE: Images should be a high enough magnification to measure fibrils, but low enough to 381 
visualize multiple fibrils simultaneously. A final magnification of approximately 75,000x should 382 
be sufficient.  383 
 384 
6.3 Measure the length of a small subset of at least 25 fibrils prior to using fibrils in an 385 
experiment.  386 
 387 
NOTE: These measurements can typically be performed using the imaging software associated 388 
with the microscope. For the quick validation, the person measuring should select representative 389 
fibrils and calculate the average size. Fibril length should average around 50 nm or less, with a 390 
more accurate measurement to follow. 391 
 392 
6.4 Measure the lengths of 500+ fibrils for more comprehensive results.  393 
 394 
NOTE: The imaging software associated with the microscope can be used for fibril 395 



  

measurements. Alternatively, images can be opened and fibrils measured with image processing 396 
software, using the scale bar associated with each image as a size reference with which to 397 
compare the fibril lengths.  398 
6. Preparation of custom glass needle syringes for stereotactic injections (Figure 3) 399 
  400 
7.1 Add approximately 10 mL of siliconizing reagent (Table of Materials) to a clean 50 mL 401 
beaker.  402 
 403 
7.2 Place glass capillary tubes (length of 54 mm; outer diameter: 0.86 mm; inner diameter 404 
0.59 mm) vertically in the beaker of siliconizing reagent and allow capillary action to draw the 405 
siliconizing reagent up the tube through the lower tube opening submerged in the siliconizing 406 
reagent.  407 
 408 
7.3 Pipet additional siliconizing reagent into the upper tube opening that is not submerged in 409 
siliconizing reagent to completely fill the glass capillary tube. 410 
 411 
7.4 Remove the capillary tubes from the siliconizing reagent and blot the open ends of the 412 
tubes on a paper towel to remove siliconizing reagent in the tubes. Allow capillary tubes to dry 413 
for at least 8 hours.  414 
 415 
7.5 Place a siliconized glass capillary tube in a glass needle puller (Table of Materials).  416 
 417 
7.6 Turn on the heating element and allow the attached weights to stretch the heated glass 418 
capillary tube.  419 
 420 
7.7 Cut the pulled glass capillary tube with scissors at the thinnest point in the middle and 421 
remove the glass needle from the glass needle puller.  422 
 423 
NOTE: The pulled needle inner and outer diameter should be approximately 80 and 100 µm, 424 
respectively. Multiple glass needles can be made at one time and stored until ready to attach to 425 
a glass syringe with attached metal needle (Table of Materials). 426 
 427 
7.8 Cut a length of shrink-wrap tubing (average inner diameter 0.021” and average wall 428 
thickness 0.001”) to approximately 40 mm with scissors. Slide the shrink wrap over the metal 429 
needle of a 10 µL beveled syringe (Table of Materials).  430 
 431 
7.9 Use an open flame to heat and adhere the shrink wrap to the needle while rotating the 432 
needle to apply heat evenly.  433 
 434 
7.10 Slide the larger end of the pulled glass needle carefully over the metal needle of the 435 
syringe.  436 
 437 
7.11 Cut a length of shrink-wrap tubing (average inner diameter 0.036” and average wall 438 
thickness 0.005”) to approximately 40 mm with scissors and carefully slide over glass needle to 439 



  

overlap the base of the glass needle and the metal needle of the syringe (Table of Materials). 440 
Use an open flame to heat the shrink-wrap to secure the glass needle to the metal needle.  441 
 442 
7.12 Add an additional layer of shrink-wrap to secure the glass needle. Cut a length of shrink-443 
wrap tubing (average inner diameter 0.044” and average wall thickness 0.005”) to approximately 444 
40 mm with scissors and carefully slide over glass needle to overlap the base of the glass needle 445 
and the metal needle of the syringe (Table of Materials). Use an open flame to heat the shrink-446 
wrap to secure the glass needle to the metal needle. 447 
 448 
7.13 Trim the glass needle with scissors so that the tip is approximately 8 mm long.  449 
 450 
NOTE: The needle needs to be long enough to target the desired brain regions (required length 451 
is dependent on the dorsal/ventral coordinates). 452 
 453 
7.14 Use steps 7.14.1 - 7.14.3 to test the needle to insure there are no leaks and there is 454 
adequate flow both in withdrawing and dispensing liquid from the glass needle. 455 
 456 
7.14.1 Fill a 1 mL syringe with an attached 26 gauge needle with dH2O.  457 
 458 
7.14.2 Remove the metal plunger from the custom glass needle syringe and insert the needle of 459 
the dH2O filled syringe into the base of the syringe. Apply pressure to dispense dH2O from the 460 
glass needle. Inspect the interface of the glass needle and the metal needle for leaks and confirm 461 
a steady dH2O flow.  462 
 463 
NOTE: If needed, the glass needle can be trimmed to increase the ease of flow and additional 464 
layers of shrink-wrap added to patch any leaks from the base of the glass needle.  465 
 466 
7.14.3 Fill a microcentrifuge tube with dH2O. Use the custom glass needle syringe to draw in the 467 
dH2O. Inspect the needle to confirm liquid is being taken into the syringe and that there are no 468 
bubbles.  469 
 470 
NOTE: If there are bubbles or dH2O is not being drawn into the needle, trimming the needle can 471 
help alleviate pressure.  472 
 473 
7.15 Carefully store syringe with attached glass needles in the syringe boxes until needed for 474 
surgeries.  475 
 476 
7.116 Use standard stereotaxic surgery methods for intrastriatal delivery of PFFs at optimized 477 
coordinates in mice (one site: AP +0.2 mm and ML +2.0 mm from bregma, DV -2.6 mm from dura) 478 
or in rats (two sites: AP +1.6 mm and ML +2.0 mm from bregma, DV -4.0 from dura; AP +0.1 mm 479 
and ML +4.2 mm from bregma, DV -5.0 from dura)1,7,15,18.  480 
 481 
NOTE: These coordinates have been used in C57BL6/C3H mice and Fischer 344 rats. When using 482 
other strains, coordinates should be optimized.  483 



  

 484 
REPRESENTATIVE RESULTS:  485 
Generation of fibrils from α-syn monomers begins with determining the concentration of the 486 
monomers. Both the BCA assay and measurement of absorbance at 280 nm (A280) can be used 487 
to measure protein content; the BCA assay results, however, suggested a higher concentration 488 
than the A280 method. PFFs derived from mouse α-syn monomer had a BCA value of 14.05 ± 489 
0.22 and a A280 of 8.05 ± 0.03 µg/µL (Figure 1). Likewise, PFFs derived from human α-syn 490 
monomer also appeared to be at a higher concentration, with a BCA value of 12.95 ± 0.38 and a 491 
A280 of 7.83 ± 0.05 µg/µL (Figure 1). The A280 measurements are specific to α-syn based on the 492 
inclusion of the extinction coefficients and these results were used to dilute the monomers prior 493 
to 7-day incubation.  494 
 495 
Prior to incubation, the liquid containing the α-syn monomers was clear, but should appear turbid 496 
after fibril formation. Examination with transmission electron microscopy confirmed the 497 
presence of long fibrils, measuring 10-20 nm wide (Figure 4). In comparison, α-syn monomers 498 
were barely visible with no discernible shape apparent (Figure 4). With visual confirmation of 499 
fibrillar structures, amyloid conformation of the fibrils is the next feature of PFFs that should 500 
confirmed using a thioflavin T assay. Thioflavin T exhibits enhanced fluorescence when binding 501 
to amyloid; thus, increased fluorescent signal from the samples indicates presence of amyloid. 502 
As an example, thioflavin in dPBS produced a signal of 3,287 ± 580 relative fluorescent units 503 
(RFU), mouse α-syn monomer produced a signal of 4,174 ± 158 RFU, and mouse PFFs produced 504 
a signal of 59,754 ± 6,224 RFU (Figure 5). In comparison, human α-syn monomer produced a 505 
similar signal of 4,158 ± 105 RFU to mouse monomer, and human PFFs produced a higher signal 506 
of 1,235,967 ± 113,747 RFU as compared to mouse PFFs (Figure 5). To assess the presence of 507 
pelletable fibrils, a sedimentation assay was performed. Fibrils will pellet with centrifugation. In 508 
both the mouse and human PFF samples, the supernatant fraction should have more protein in 509 
the pellet than the supernatant (Figure 6). In contrast, the majority of the protein from the mouse 510 
and human monomers was present in the supernatant, with little present in the pellet (Figure 6). 511 
With the PFFs visibly present by electron microscopy, amyloid structures present, and fibrils 512 
pelletable, the PFFs passed all in vitro quality control steps.  513 
 514 
Both mouse and human PFFs were sonicated to produce PFFs of appropriate lengths for seeding 515 
α-syn inclusions4,19. PFFs were diluted to the desired concentration of 4 µg/µL and sonicated. 516 
Immediately prior to surgery, 25 representative fibrils were imaged by electron microscopy and 517 
measured to spot check the fibril size. The sonicated mouse PFFs measured 48.8 ± 3.1 nm, 518 
whereas the human PFFs measured 52.1 ± 4.4 nm in length; PFFs of both species were therefore 519 
the appropriate length (50 nm or less) to induce seeding activity. More comprehensive 520 
examination of approximately 500 fibrils revealed the average length and length distribution of 521 
the sonicated mouse fibrils. The average length was 44.4 ± 0.6 nm, with 86.6% of the PFFs 522 
measuring 60 nm or less (Figure 4). In comparison, human PFFs averaged 55.9 ± 1.1 nm with 523 
69.6% of the PFFs measuring 60 nm or less (Figure 4). 524 
 525 
Following intrastriatal injection of sonicated mouse PFFs into rats as previously described3,5,7, a 526 
series of tissue sections were processed at 2 months post-surgery, when the number of inclusion 527 



  

containing neurons is known to peak in the SNpc, for the confirmation of phosphorylated α-syn 528 
inclusions5. Inclusion bearing neurons, as indicated by immunohistochemical staining for pSyn 529 
(antibody in Table of Materials) are present within the SNpc (Figure 7), as well as other regions 530 
throughout the brain which innervate the striatum (anterior olfactory nucleus, motor, cingulate, 531 
piriform, prelimbic, somatosensory, entorhinal, and insular cortices, amygdala, striatum)1,3-5,7,20. 532 
These inclusions share similar properties with Lewy bodies, such as binding thioflavin S, and 533 
resistance of total α-syn to proteinase K (Figure 7), as shown by immunohistochemical staining 534 
(antibody and proteinase K in Table of Materials). Confirmation of seeding within the brain 535 
indicates the in vivo quality control has been passed, and aliquots of PFFs previously frozen and 536 
saved from the same batch may be sonicated under identical parameters, with lengths validated, 537 
in larger experiments.  538 
 539 
FIGURE AND TABLE LEGENDS: 540 
 541 
Figure 1. Methods for the generation of α-syn fibrils. Outline of the steps required to produce 542 
fibrils from α-syn monomers. Monomers are centrifuged for 10 min (15,000 x g, at 4 °C). 543 
Supernatant is transferred to a clean tube and the protein concentration is determined by either 544 
the absorbance at 280 nm, or a BCA assay. Graph shows concentrations from human and mouse 545 
α-syn monomers. Columns indicate the group means, error bars represent ±1 standard error of 546 
the mean. After protein concentration is determined, α-syn monomers are diluted, briefly 547 
vortexed and incubated for 37 °C for 7 days, while shaking on an orbital mixer set at 1,000 RPM.  548 
 549 
Figure 2. Staining methods for transmission electron microscopy. Diagram of negative staining 550 
for electron microscopy. A) Images depicting electron microscopy specimen grids. The grid has a 551 
dull or light side and a shiny or dark side. The shiny/dark side is coated with a formvar/carbon 552 
support film. B) Illustration of staining procedure. The grid is floated shiny/dark side down on the 553 
first drop of ddH2O for 1 min and the excess is wicked away with filter paper. The process is 554 
repeated with the second drop of ddH2O, diluted PFFs or monomers, two drops of uranyl acetate, 555 
and two additional drops of ddH2O. Grids may be stored in a grid box until imaged. Scale bar = 3 556 
mm. 557 
 558 
Figure 3. Assembly of custom glass needle syringes. Diagram of the steps required to assemble 559 
glass needle attached syringes. Siliconized glass capillary tubes are pulled and cut in the middle 560 
to produce glass needles. Shrink wrap tubing is used to prepare the metal needle and form an 561 
inner seal when the glass needle is slid onto the metal needle. Two additional layers of shrink-562 
wrap tubing that overlap the base of the glass needle and the metal needle are consecutively 563 
added and heat applied to secure the glass needle and form a water-tight seal.  564 
 565 
Figure 4. Visualization of α-syn monomers and α-syn fibrils via transmission electron 566 
microscopy. Representative micrographs of α-syn monomers and fibrils. Top panels: Mouse and 567 
human α-syn monomer. Middle panels: Full length mouse and human α-syn PFFs. Bottom panels: 568 
Mouse and human α-syn PFFs after sonication. Bottom graph: Distribution of sonicated mouse 569 
and human α-syn PFF lengths. Scale bar = 500 nm.  570 
 571 



  

Figure 5. Confirmation of amyloid structures by thioflavin T assay. Measurement of fluorescent 572 
signal from mouse and human α-syn monomer and PFF samples. Left: Results from mouse α-syn 573 
monomers and α-syn PFFs. Right: Results from human α-syn monomers and α-syn PFFs. A dPBS 574 
negative control is shown in each graph. All measurements are expressed as relative fluorescent 575 
units (RFU). Columns indicate the group means, error bars represent ±1 standard error of the 576 
mean. 577 
 578 
Figure 6. Sedimentation assay for pelletable α-syn. Images from Coomassie stained gels. Bands 579 
shown are at approximately 14 kDa based on the protein ladder. Left: Mouse monomer and PFFs. 580 
Right: Human monomers and PFFs. For all monomer and PFF samples, the resuspended pellet (P) 581 
and supernatant (S) are shown.  582 
 583 
Figure 7. Features of inclusions in the rat model confirming α-syn pathology. Representative 584 
micrographs from the substantia nigra pars compacta at 2 months post-injection. Left: Neurons 585 
containing pSyn and counterstained with cresyl violet. Middle: Thioflavin S positive neurons. 586 
Right: α-syn-containing inclusions resistant to proteinase K. Scale bar = 50 µm.  587 
 588 
DISCUSSION: 589 
Production of α-syn PFFs capable of seeding neurons and leading to Lewy body-like inclusions is 590 
dependent on multiple factors and steps. A critical factor is that the monomers used for 591 
generating fibrils need to be specifically formulated for fibrilization4,10,15-16. If the monomers are 592 
not formulated for fibrilization, fibrils may not form or the fibrils that do form may not produce 593 
α-syn pathology. Likewise, the buffer that the monomers are in also influence fibrilization. As 594 
such, for the best results, the salt concentration should be approximately 100 mM NaCl and pH 595 
between 7.0 and 7.3. An initial step that introduces variability is the method whereby initial 596 
protein content is determined, with measurement at A280 likely to produce more accurate 597 
results and therefore is the preferred method. The discrepancy in protein concentration can 598 
decrease the efficacy of the fibrilization process, as well as alter the assumed PFF concentration 599 
used in experiments. Both could lead to a decrease in seeding efficiency and batch variation 600 
between experiments.  601 
 602 
Initial quality control steps will confirm critical features of the PFFs, specifically that they have a 603 
fibrillary conformation (electron microscopy), contain amyloid structures (thioflavin T assay), and 604 
are pelletable (sedimentation assay). It is important to note that the results of the thioflavin T 605 
assay will fluctuate with time and are not a direct measure of the amount of amyloid structures 606 
present, rather, the thioflavin T assay should be used only as an indicator of amyloid structures 607 
presence within the sample. Thioflavin T is typically used in in vitro assays, such as the 608 
aforementioned assay to show the fibrils contain amyloid structures. Alternatively, thioflavin S is 609 
used in tissue to detect amyloid structures, as shown in Figure 7. In regards to the sedimentation 610 
assay, the results show only that the PFFs are found predominantly in the pelletable fraction. As 611 
the samples are run in denaturing conditions, a single prominent band of approximately 14 kDa, 612 
the size of α-syn monomers, is present on the gels. This is unlike the multiple bands present at 613 
higher molecular weights that would be expected with PFFs if a native or non-denaturing gel was 614 
used. Lastly, successful passing of all these initial quality control steps does not guarantee α-syn 615 



  

inclusion seeding activity. For this reason, cell culture experiments or a small cohort of surgically-616 
injected animals should be used to test the efficacy of the PFFs before use in larger experiments.  617 
   618 
Sonication is a crucial step in the process and parameters will differ depending on the model of 619 
sonicator used. Sonication parameters must be applied and verified to show that short PFF 620 
fragments have been produced. Fibril size has bearing on the seeding, with shorter fibrils seeding 621 
more efficiently. Though shorter fibrils seed more efficiently, this effect plateaus and the optimal 622 
PFF length is approximately 50 nm4,19. It is also important not to over-sonicate the samples and 623 
expose the PFFs to excessive heat, as this may decrease seeding efficiency. These sonicated PFFs 624 
should be tested for efficacy in small cell culture or in vivo experiments prior to use in larger scale 625 
experiments. As different sonication sessions have the potential to introduce variability, 626 
experimental treatment groups should be planned accordingly.  627 
 628 
When delivering PFFs in vivo, the localization of the injection site(s) and the total amount PFFs 629 
used can affect the number of neurons that will develop inclusions as well as the extent of 630 
neurodegeneration7,15. The coordinates in the protocol provide a place to start, but should be 631 
tested within the lab to ensure the desired target region develops α-syn pathology prior to use 632 
in large scale experiments. If desired, tracking dye or fluorescent beads can be used as a way to 633 
test regional targeting before using PFFs. The amount of PFFs used in vivo varies between groups, 634 
with most groups using a total between 5 to 20 µg of PFFs at one or divided between two injection 635 
sites1-8, 15. As the number of injection sites, location of injection sites, and amount of PFFs injected 636 
can effect results and progression of the synucleinopathy, the downstream outcomes of the 637 
parameters used should be characterized prior to using the model to test potential interventions 638 
or examining temporal features of the model. 639 
 640 
When selecting a model to use for testing therapeutics or studying disease progression, the 641 
model used should be selected to best answer the question asked. Not all models will possess 642 
certain disease features of PD, or offer the timeframe needed to test potential interventions. The 643 
PFF model recapitulates key features of PD, such as α-syn pathology and neurodegeneration, and 644 
can lead to modest motor impairments. The model offers a predictable and protracted time-645 
course, where inclusions form months before neurodegeneration. This allows researchers to 646 
examine and exploit the different phases throughout the protracted progression of the 647 
synucleinopathy. The current and future use of the model overall is expected to be beneficial in 648 
the study of disease progression and development of novel therapies.  649 
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Name of Material/Equipment Company Catalog Number Comments/Description
1x Dulbecco's phosphate buffered 

saline

Thermo Fisher 

(Gibco) 14190144
Anti-alpha-synuclein 

(phosphorylated at serine 129) 

antibody Abcam AB184674

Anti-alpha-synuclein antibody Abcam AB15530

Bicinchonic acid

Thermo Fisher 

(Pierce) PI23228
Clear Medical Shrink Tubing 

(0.036" inner diameter) Nordson Medical 103-0143
Clear Medical Shrink Tubing 

(0.044" inner diameter) Nordson Medical 103-0296

Copper sulfate

Thermo Fisher 

(Pierce) PI23224

Eppendorf ThermoMixer C Eppendorf 2231000574

Eppendorf ThermoTop heated lid Eppendorf 5308000003

Formvar/Carbon coated electron 

microscopy grids

Eletron Microscopy 

Sciences FCF300-Cu
Glass capillary tube (0.53 mm 

outer diameter; 0.09 mm inner 

diameter; 54 mm length) Drummond 22-326223

Glass needle puller Narishige PC-10

Hamilton syringe Hamilton 80000

Human alpha-synuclein monomer 

to generate preformed fibrils Proteos RP-003

Mouse alpha-synuclein monomer 

to generate preformed fibrils Proteos RP-009
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Orange Medical Shrink Tubing 

(0.021" inner diameter) Nordson Medical 103-0152

Parafilm M Sigma-Aldrich P7543

Proteinase K Invitrogen 25530015

Qsonica 3.2 mm tip Qsonica 4422

Qsonica Q125 sonicator Qsonica Q125

Thioflavin S Sigma-Aldrich T1892

Thioflavin T EMD Millipore 596200
ToxinSensor Chromogenic LAL 

Endotoxin Assay Kit Genscript L00350C

Uranyl acetate

Eletron Microscopy 

Sciences 22400
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anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 

 
CORRESPONDING AUTHOR 
Name:    
 
Department:   
 
Institution:  
 
Title:   
 

Signature:  
 

Date:  

Please submit a signed and dated copy of this license by one of the following three methods: 
1. Upload an electronic version on the JoVE submission site 
2. Fax the document to +1.866.381.2236 
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 

 

 

 

 

 

 

 

 

Translational Science and Molecular Medicine

Michigan State University

Postdoctoral Fellow/Research Associate

Joseph R. Patterson Ph.D.

1-30-19



Dear Dr. Cao, 
 
Thank you for your review of our manuscript entitled “Generation of alpha-synuclein 
preformed fibrils from monomers and use in vivo”. Based on the editor and reviewer 
comments, we have added text to clarify the methods, added a figure that outlines 
custom glass needle assembly, changed a figure to show the gel in its entirety, and 
made overall changes to format the manuscript to the journal specifications. Below are 
our responses to the reviewers, we feel these changes strengthen the overall 
manuscript and are pleased to submit the edited article.  
 
Response to Editor Comments 
1) Please take this opportunity to thoroughly proofread the manuscript to ensure that 
there are no spelling or grammar issues. The JoVE editor will not copy-edit your 
manuscript and any errors in the submitted revision may be present in the published 
version. 
 
The manuscript has been proofread again. 
 
2) Introduction: Please expand to include the advantages of the presented method over 
alternative techniques with applicable references to previous studies, description of the 
context of the technique in the wider body of literature and information that can help 
readers to determine if the method is appropriate for their application. 
 
The advantages of using the preformed fibril model as compared to other models could 
be, and is, it’s own paper. The decision to use the model is really based on what model 
will be the most appropriate to answer the investigator’s question(s). As such, the 
following statement has been added to the introduction “The PFF model offers distinct 
advantages and disadvantages as compared to neurotoxicant, transgenic, and viral 
vector mediated α-syn overexpression models as previously reviewed 6. Though the 
choice of which model or approach to take should be determined by which model best 
suits the question the investigators are asking”.    
 
3) Please abbreviate liters to L (L, mL, µL) to avoid confusion. 
 
The 6 cases of ”ml” and 32 cases of “µl” were changed to “mL” and “µL” respectively in 
the text. One case of “ml” was changed to “mL” in Figure 1. 
 
4) Please change all “RCF/rcf” units to “x g” throughout the protocol and figures. 
 
The three cases in text and one in Figure 1 have been changed from “RCF” to “x g”. 
 
5) JoVE cannot publish manuscripts containing commercial language. This includes 
trademark symbols (™), registered symbols (®), and company names before an 
instrument or reagent. Please remove all commercial language from your manuscript 
and use generic terms instead. All commercial products should be sufficiently 
referenced in the Table of Materials and Reagents. You may use the generic term 
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followed by “(Table of Materials)” to draw the readers’ attention to specific commercial 
names. Examples of commercial sounding language in your manuscript are: Parafilm, 
Qsonica Q125 (https://www.sonicator.com/products/q125-sonicator), tip part #4422, 
Biologics Model 300 VT (http://www.biologics-inc.com/ultrasonichomogenizer-model 
300vt.html), tip part # 0-120-0005, Narishige, Hamilton, Nordson Medical #103-0143, 
etc. 
 
Commercial language has been removed and replaced with “(Table of Materials)”. 
Because of this, one of the sets of PFF sonication parameters has been omitted 
(sonication parameters are specific to the sonicator model used and has an effect on 
the final outcome). 
 
6) Please include an ethics statement before your numbered protocol steps, indicating 
that the protocol follows the animal care guidelines of your institution. 
 
Prior to the first protocol step, the following statement has been added “All methods 
involving animals have been approved by the Michigan State University Institutional 
Animal Care and Use Committee (IACUC)”. 
 
7) Please revise the Protocol to contain only action items that direct the reader to do 
something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the 
imperative tense in complete sentences wherever possible. Avoid usage of phrases 
such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that 
cannot be written in the imperative tense may be added as a “NOTE.” Please include all 
safety procedures and use of hoods, etc. However, notes should be used sparingly and 
actions should be described in the imperative tense wherever possible. 
 
This change has been made and “note” sections added to cover the fine details 
associated with corresponding steps.  
 
8) Please add more details to your protocol steps. There should be enough detail in 
each step to supplement the actions seen in the video so that viewers can easily 
replicate the protocol. Please ensure you answer the “how” question, i.e., how is the 
step performed? Alternatively, add references to published material specifying how to 
perform the protocol action. See examples below. 
 
Additional details have been added throughout the manuscript, and to address the 
comments below.  
 
9) 1.3.1.1: Please specify the different dilutions suggested. 
 
A note has been added to state “Suggested dilutions are 1:25, 1:50, and 1:100”. 
 
10) 1.6, 3.3: Please replace commercial language (Parafilm, Parafilmed) with generic 
terms. 



 
Parafilm has been removed and replaced with wax/plastic film. 
 
11) 2.1: Does PFF here refer to the product from step 1.7? 
 
PFF refers to the product from step 1.7 that is aliquoted for quality control steps as 
stated in step 1.8. This has been further clarified in step 1.8, which now states: “Gently 
flick the tube to resuspend the α-syn fibrils. Aliquot fibrils for the following quality control 
steps as indicated in steps 1.8.1 – 1.8.4.” 
 
12) 2.1.1: Does the monomer refer to the supernatant from step 1.2? Please specify. 
 
This is the monomer, but it is aliquoted after the concentration is determined. The 
readers are told to aliquot the monomers in step 1.5 (after concentration is known). To 
clarify this, step 1.5 now states: “Aliquot monomers for quality control comparison with 
fibrils as indicated in steps 1.8.1 – 1.8.4”. 
 
13) 2.7: Please describe how to perform these steps; alternatively, provide a relevant 
reference. 
 
The steps have been added starting at 2.7 and ending at 2.10. 
 
14) 3.1: Please list an approximate volume of solution to prepare. 
 
Exact volume given in 3.1 now. The section now states: “Weigh 20 mg uranyl acetate in 
a microcentrifuge tube and add 1 mL of ddH2O for a 2% aqueous solution. Vortex until 
the uranyl acetate is in solution, and allow to sit overnight”. 
 
15) 5.4: Please specify the final fibril concentration used in this protocol. 
 
A note has been added after step 5.4 to indicate the concentration used for the 
representative results in the manuscript.  
 
16) 7.1: Please describe how to coat the tube with a siliconizing reagent solution. 
 
New steps (7.1 – 7.4) have been added to describe how to siliconize the tubes. 
 
17) 7.3, 7.4: What is used to cut? 
 
Scissors are used in these steps. This has been added to the protocol.  
 
18) 7.8.1: Please describe how to test the needle. 
 
Step 7.14 states to test the needle, and steps 7.14.1 through 7.14.3 describe how to 
test the needle.  
 



19) Please combine some of the shorter Protocol steps so that individual steps contain 
2-3 actions and maximum of 4 sentences per step. 
 
This has been done where possible. 
 
20) After you have made all the recommended changes to your protocol (listed above), 
please highlight 2.75 pages or less of the Protocol (including headings and spacing) that 
identifies the essential steps of the protocol for the video, i.e., the steps that should be 
visualized to tell the most cohesive story of the Protocol. 
 
This has been done. 
 
21) Please include all relevant details that are required to perform the step in the 
highlighting. For example: If step 2.5 is highlighted for filming and the details of how to 
perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details 
are provided must be highlighted. 
 
This has been done. 
 
22) JoVE articles are focused on the methods and the protocol, thus the discussion 
should be similarly focused. Please revise the Discussion to explicitly cover the 
following in detail in 3-6 paragraphs with citations: 
a) Critical steps within the protocol 
b) Any modifications and troubleshooting of the technique 
c) Any limitations of the technique 
d) The significance with respect to existing methods 
e) Any future applications of the technique 
 
These changes have been made.  
 
23) Figure 1: Please change “RCF” to “x g”. Please use the micro symbol µ instead of u 
and abbreviate liters to L (L, mL, µL) to avoid confusion (i.e., µg/µL, mg/mL). 
 
This has been changed. 
 
24) Table of Materials: Please ensure that it has information on all relevant supplies, 
reagents, equipment and software used, especially those mentioned in the Protocol. 
Please sort the items in alphabetical order according to the name of material/equipment. 
 
This has been changed. 
 
25) References: Please do not abbreviate journal titles. 
 
This has been changed. 
 
Response to Reviewer #1 Comments 



1) A diagram of the assembly of the custom Hamilton-glass needle syringes for 
stereotactic injections would be helpful. 
 
A diagram of the needle assembly has been added and is the new figure 3. 
 
2) In particular, in section 7.6, how is it possible to slide the larger end of a glass tube 
with an ID of 0.09 mm over a metal needle that has an outer diameter of 0.47 mm (OD 
of a Hamilton 80000 needle)?? Wouldn't the metal needle be too thick to fit inside the 
glass tube? Or does the term "slide over" have a different meaning? A typical Hamilton 
80000 syringe comes with a 26 gauge needle (0.47 mm OD) and even one modified 
with a 34 gauge needle (0.19 mm OD) still would be too large. 
 
We agree that the dimensions of the capillary tubes in the original document are an 
issue. The Hamilton 80000 and product number for the Drummond glass capillary tubes 
listed in the table of materials was correct, the dimensions of the capillary tubes listed 
on the Thermo Fisher website, however, were incorrect. After contacting Drummond 
directly about the dimensions, we can confirm that the capillary tubes are “length of 54 
mm; outer diameter: 0.86 mm; inner diameter 0.59 mm”, and the manuscript was 
changed accordingly to correct this error.     
 
3) Also, the instructions for adding shrink wrap to the metal needle and glass tube was 
difficult to follow; for example, it is not clear what exactly is meant by the "base of a 10 
ul beveled Hamilton syringe". Is the "base" where the needle goes into the barrel of the 
syringe? 
 
The instructions have been changed to further clarify the steps to assemble the custom 
Hamilton-glass needles. A diagram has also been added as Figure 3 
 
Response to Reviewer #2 Comments 
1) Step 1: Please indicate total volume used for generation of fibrils, as starting volume 

may affect aggregation kinetics and timings. Also, indicate whether there is a minimal or 

maximal volume for achieving reproducible results. 

 

A range of volumes that have been found to produce reproducible fibrilization results 

has been added as a note in section 1.4. The note states: “Total volume used to 

generate fibrils should be between 100 and 500 µL to achieve reproducible fibrilization 

results”. 

 
2) Step 1.4: Please give the concentration of protein in M, as other groups may use 
modified versions of alpha-synuclein. 
 
The α-syn used must be specifically formulated for fibrilization, as noted in Step 1.1. 
Because of this, “modified versions” of α-syn may not be able to form fibrils or may do 
so at a different concentration. Regardless, there is sufficient information provided in the 
protocol to calculate the molarity of the 5 mg/mL monomer solution if they desire. 



 
3) Step 2.4: The actual buffer component and concentration is missing. 
 
The buffer used is a 3X sample buffer and step 2.4 has been changed to reflect the 
concentration. We are confused as to the missing “buffer component” that the reviewer 
is asking about, as all components of the sample buffer are listed with the amounts of 
each component used also stated. 
 
4) Step 2.7: Indicate if fibrillary alpha-synuclein is expected at monomer size or at 
higher molecular mass, or at both. 
 
This is now clarified in the discussion. The α-syn in the sedimentation assay is run 
under denaturing conditions (denaturing gel, sample and running buffer contain SDS, 
and the samples are heated to 100 ºC and cooled prior to loading). As this is the case, 
we would only expect the prominent bands on the gel to be present around 14 kDa (size 
of the monomer).   
 
5) Step 4.3: The volume of 25 µM thioflavin T is missing. 
 
The volume of thioflavin T has been added to step 4.3. The directions now state “Add 
250 µL thioflavin T in glycine buffer (25 µM thioflavin T, 100 mM glycine, 1% Triton X-
100, pH 8.5) to each sample and gently mix”. 
 
6) Figure 5: Please include a full gel image so it can be assessed if alpha-synuclein 
runs solely at monomer mass, or also at higher mass. 
 
The sedimentation assay figure has been changed to show the entire gel and presence 
of higher molecular weight species addressed in the discussion.   
 
Response to Reviewer #3 Comments 
1) In the sedimentation assay figure 5, it would be best if the whole gel was shown. Are 
higher molecular weight species seen in the PFFs? 
 
The sedimentation assay figure has been changed to show the entire gel and presence 
of higher molecular weight species addressed in the discussion.  
 
2) Considering the high "stickiness" of amyloid proteins to plastic should siliconized or 
treated microcentrifuge tubes be used throughout the procedure? 
 
We do not siliconize our microcentrifuge tubes or pipet tips. The microcentrifuge tubes 
that we used are polypropylene with a “highly polished interior for maximum sample 
recovery” and we have not had any noticeable issues.  
 
3) Are less sonicated or highly sonicated PFFs equally potent in producing the expected 
pathology? What happens if you over-sonicate? is the material good to use? 
 



This has been further been expended on in the discussion. Both Tarutani et al., 2016 
and Abdelmotilib et al., 2017 show that fibril length can alter seeding efficiency. Shorter 
fibrils seed more efficiently, but this effect plateaus. As for over-sonicating, it would be 
expected that the heat from excessive sonication could decrease seeding efficiency and 
the material may not be good to use, but we have not intentionally tried to over-sonicate 
PFFs.   
 
4) What concentration of PFFS and in what volume should one aim to inject in the rat or 
mouse brain? This is not very clear in the manuscript. 
 
We were intentionally vague on this topic, as our lab currently has a manuscript in 
revision that discusses the question of concentration and volume. What has been used 
in the literature is now stated in the discussion.  
 
5) Perhaps a better clarification as to the choice of Thioflavin S and Thioflavin T in 2 
different assays should be included. 
 
A better clarification in the discussion has been included as to the use of thioflavin S vs 
T. 
 
 
 
Response to Reviewer #4 Comments 
1) Please add a sentence to clarify in the Introduction what is meant by inconsistency 
with respect to other labs that have generated fibrils and produced a syn pathology. By 
inconsistency do you mean that some studies have been able to introduce fibrils and 
some not, or that there are variation in the numbers of fibrils between animals within 
studies? 
 
A sentence was added to the introduction that states “Examples of inconsistencies 
range from PFFs that produce little or no α-syn pathology, batch to batch seeding 
efficiency, and even the failure of fibrils to form”.   
 
2) It is unclear from Figure 6 whether an antibody was used to visualize neurons 
containing pSyn, if so please list the antibody. 
 
We have clarified in the results section that immunohistochemistry was used to visualize 
pSyn in the neurons in figure 7 (previously figure 6). Likewise, a pan α-syn antibody was 
used in the proteinase K digestion shown in figure 7. The antibodies used are now listed 
in the materials list.  
 
3) The rationale for waiting two months post injection for confirmation is described in the 
Introduction (this is the time point when inclusion formation peaks), I would mention this 
briefly when describing the results as well. 
 
The rationale for waiting two months has been added to the results, which now state: “a 



series of tissue sections were processed at 2 months post-surgery, when the number of 
inclusion containing neurons are known to peak in the SNpc, for the confirmation of 
phosphorylated α-syn inclusions”.  
 
4) Also missing (or unclear) is how to decide on the concentration of fibrils to inject (or 
whether this is a critical point). If this is described in previous literature at least state a 
brief summary of how this is decided. 
 
We were intentionally vague on this topic, as our lab currently has a manuscript in 
revision that discusses the question of concentration and volume. In the discussion, we 
now mention examples of fibril concentrations.  
 


