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Abstract  Keywords 

Alpha-synuclein (α-syn) aggregation is associated with neuronal death and the 

pathological hallmark of Parkinson's disease (PD). The α-syn preformed fibril model 

(α-syn-PFFs), reflects α-syn aggregation and is currently used in PD studies. To pass 

through the cell membrane, long fibrils should be fragmented by sonication. In our 

study, the effects of temperature, pulse modifications and/or device type on the 

sonication of α-syn-PFFs were investigated. Sonication was performed ultrasonic bath 

and in laminar-flow cabinet with probe sonicator. Dilutions were made from 5 µg/µl 

α-syn-PFFs stock in sterile-filtered dH2O to a final concentration and volume of 0.1 

µg/µl and 200µl, respectively. Sonication was performed in an ultrasonic bath 

containing water at 10°C for 1 hour. All probe sonications were performed at 30% 

amplitude for 1 minute and 20 repetitions. The effect of temperature on sonication has 

been evaluated by performing sonication at room temperature (RT), in ice and in ice 

surrounded by dry ice. Also, the effects of pulse duration on sonication were evaluated 

using pulse durations of 1second(sec) on/1sec off, 3sec on/3sec off and 5sec on/5sec 

off. Furthermore, by waiting one minute between each sonication cycle, the heat 

released by the probe was prevented from affecting the fibrillar structure. The particle 

size was measured in triplicate by dynamic light scattering method. For transmission 

electron microscopy, formvar/carbon-coated grids were run through ddH2O-sonicated 

fibril-uranyl acetate solutions and kept dry until examined. Due to the variation in 

breakage of long α-syn fibrils, the effect of different parameters on sonication was 

investigated. In comparison of pulse durations, 5sec on/5sec off application produced 

shorter fibrils. Comparing the temperature interventions, lowering the temperature 

decreased the fibril size at 1sec on/1sec off settings but increased it at 3sec on/3sec 

off and 5sec on/5sec off. However, the shortest fibrils were obtained by sonication for 

5sec on/5sec off at RT.  
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1. INTRODUCTION 
 

Parkinson's Disease (PD) is a neurodegenerative disorder caused by a progressive loss of dopaminergic 

neurons in the substantia nigra pars compacta (SNpc). Over the age of 65, it affects 1-2% of the population 

[1]. In addition to the motor symptoms of PD, non-motor symptoms accompany the disease in both 
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premotor and late stages [2]. The presence of alpha-synuclein (α-syn) aggregates in Lewy bodies and 

neurites, which are specific markers of the disease, indicates its importance in the pathogenesis of PD [3]. 

 

α-syn is a protein that contains 140 amino acids and is found in an alpha-helical structure. The protein 

is mainly located at the presynaptic terminals of neurons, where it plays a crucial role in maintaining 

synaptic vesicular homeostasis and synaptic transmission [4,5]. Physiologically, α-syn exists as an 

unfolded monomer, tetramer [6], and multimer bound to lipid membranes (Figure 1) [7]. In pathological 

conditions, posttranslational modifications such as ubiquitination, phosphorylation and misfolding 

result in the formation of insoluble α-syn aggregates in the beta-sheet conformation [8]. Upon 

accumulation, aggregates form in the soma, axons, and dendrites, forming Lewy bodies and Lewy 

neurites, respectively. Fibrillar α-syn is one of the main components of Lewy bodies/neurites [9]. 
 

The aggregation of a monomeric α-syn is a multi-step process that begins with a nucleation reaction in 

which monomeric α-syn is converted into oligomers of varying sizes (dimers, trimers, low molecular 

weight, high molecular weight). The oligomers are then converted into protofibrils, which in turn give 

rise to the insoluble fibrils (Figure 1) [10-12]. 

 

Figure 1. A process of forming α-syn fibrils. In physiological conditions, monomeric α-syn exists in equilibrium 

with multimeric structure bound to the lipid membrane and tetrameric structure. The formation of α-syn 

fibrils occurs in a nucleation reaction that transforms the soluble monomer into a beta-structured, stable, 

and insoluble fibril (designed with BioRender) [10]. 

 

The α-syn pre-formed fibril (α-syn-PFF) model is currently being used in PD research to recapitulate 

the Lewy pathology. In this model, exogenous α-syn fibrils trigger endogenous α-syn [13, 14] 

phosphorylating it at pS129, causing insoluble α-syn aggregates to form within the cell [15-21]. 

Therefore, the α-syn-PFF, which can mimic the pathogenesis of the disease in terms of α-syn 

aggregation and Lewy pathology, has gained increasing importance [22, 23]. 

 

In order for α-syn fibrils to be taken into the cell form the pathology in vitro or in vivo, fibrils should 

have a size between 50-100 nanometers (nm) or shorter in length. Long fibrils are therefore broken into 

short fragments using a probe sonicator or ultrasonic bath sonicator, which generates energy with vibration 

and sound waves, respectively [24, 25]. After sonication, a heterogeneous mixture of monomers, oligomers, 

and short fibrils is obtained [26-28]. Validation of sonication parameters is required to produce reliable 

in vitro and/or in vivo fibril models [24, 25]. Thus, it is necessary to investigate multiple sonication 

parameters [24, 25, 29]. Accordingly, sonication studies have shown that pulse duration, temperature of 

the experimental environment, sonication repetitions, and sonication device type vary. 
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In our study, we compared the effects of pulse duration, temperature, and sonication device type on 20 

repeated sonications of α-syn-PFFs produced in the same series. After sonication, samples were 

analyzed using transmission electron microscopy (TEM). In addition, the hydrodynamic diameter-

particle size was determined by dynamic light scattering (DLS). 
 

2. MATERIALS AND METHODS 

 

2.1. MATERIALS 

 
Table 1: Experimental materials and equipments. 

 
Equipment/Material Name Company Catalog Number 

Human alpha-synuclein preformed 

fibrils 

Produced in Ryan Lab and purchased 

from this lab 
 

Steril conical centrifuge tubes, 15 ml Greiner Bio-One, Cellstar®   

Steril microcentrifuge tube, 1.5 ml Greiner Bio-One, Cellstar®   

Parafilm  Parafilm M PM-996 

Stopper Made in our laboratory  

Uranyl acetate  Eletron Microscopy Sciences  22400 

Sterile-filtered deionized and 

distilled water 
  

Lockable tweezer   

Formvar/Carbon coated electron 

microscopy copper grids 
Ted Pella Inc. 1801 

Electron Microscopy Grids Box Ted Pella Inc.  

Quartz cuvette   

Centrifuge Device Hitachi Himac CT6E 

Probe sonicator Sonics Vibra-Cell™ VCX 750 

Probe Sonics Vibra-Cell™ (microtip) 630–0422 

Utrasonic bath sonicator Branson CPX5800H 

Transmission electron microscope FEI Tecnai™ G2 Spirit BioTwin model   

Device of Dynamic Light Scattering Malvern Instruments, UK Zetasizer Nano-ZS 

 

2.2. METHODS 

 

2.2.1. Sonication of α-syn-PFFs 

 

Human α-syn fibrils was produced in Assoc Prof. Scott Ryan's laboratory (Ryan Lab, University of 

Guelph, Canada) as described [30] and purchased from this laboratory at a concentration of 5 µg/µl in 

a volume of 200 µl. α-syn fibrils were aliquoted until sonication and stored at -80°C in a volume of 4 

µl. Sonication was carried out using a probe sonicator (Sonics Vibra-Cell™, VCX 750) and an ultrasonic 

bath sonicator (Branson-CPX5800H). After the α-syn fibrils were dissolved at room temperature, they 

were diluted with sterile-filtered deionized water to a final concentration of 0.1 µg/ml and a volume of 

200 µl. Sterile centrifuge tubes (15 ml) were used for probe sonication and sterile microcentrifuge tubes 

for ultrasonic bath sonication. 

 

2.2.1.1. Probe Sonication 

 

Sonication was carried out in a laminar flow cabinet to avoid exposure to fibrils that may become 

aerosolized during sonication and to maintain sterility. A probe with a diameter of 3 mm was placed on 

a stabilizer in a laminar flow cabinet (Figure 2. a1, a2, a3). The probe was sterilized with 70% ethanol. 

Then, it was cleaned with distilled water and wiped dry. For 15 minutes, it was sterilized with UV light. 

The sterile centrifuge tube containing the fibrils (15 ml) is placed in tube holder during sonication at 
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room temperature. During sonications in ice and in ice surrounded by dry ice, the centrifuge tube was 

fixed with a white foam holder with a hole in the middle to prevent it from slipping. In the centrifuge 

tube containing 200 µl of diluted fibrils, a stopper was placed with an opening in the middle through 

which the probe can pass without touching the stopper. Due to the probe size, centrifuge tubes had to be 

used, even though the amount of sonicated liquid was much less. Therefore, a stopper was used to reduce 

the loss of liquid adhering to the wall or evaporating. The stopper was wrapped with parafilm to collect 

the liquid splashed on its surface by centrifugation.  

 

The probe tip was inserted into the tube through the gap in the middle of the stopper. Sonication was 

performed by placing the probe tip in the center of a 200 µl solution to prevent volume loss. In order to 

avoid energy loss, the probe should not contact the walls of the tube or the stopper.  

Sonication parameters are as follows: 

a. The amplitude was set at 30%. 

b. The total time was set at 00:01:00. 

c. The pulse duration was set as 1 second (sec) on/1 sec off, 3 sec on/3 sec off, and 5 sec on/5 sec off, 

as shown in Table 2. 

d. As shown in Table 2, the ambient temperature was adjusted to room temperature, ice, and ice 

surrounded by dry ice for each on/off period.  

e. As shown in Table 2, there are 20 repetitions of sonication. The interval between repetitions should 

be one minute. 
 

Upon completion of the sonication, the probe was removed from the solution and the tube was briefly 

centrifuged for 1 sec at 2000 rpm to collect the splashing liquid on the walls of tube. The sonicated 

samples were then placed in a sterile 1.5 ml microcentrifuge tube for imaging with TEM. The 

hydrodynamic diameter/particle size of the sample was measured by the DLS method by dilution of 2 

µl of the sample with sterile-filtered deionized water to a final volume of 1000 µl (dilution ratio: 1:500). 

After each experiment, all surface of the laminar flow cabinet and probe tip was cleaned first with 1% 

sodium dodecyl sulfate (SDS) and then with 70% ethanol. The device was then sterilized for 15 minutes 

using ultraviolet light. 

 

2.2.1.2. Ultrasonic Bath Sonication 

The bath tank was filled with distilled water to the level indicated on the tank. Temperature of the water 

was set at 10°C. The fibrils in the 1.5 ml sterile microcentrifuge tube are fixed on the water surface with 

the holder so that the entire 200 µl volume is submerged in water. Sonication is performed for 1 hour. 

For TEM imaging, all 1.5 ml of a sterile microcentrifuge tube are used. In order to measure 

hydrodynamic diameter/particle size with DLS, 2 µl of the sample is diluted with sterile-filtered 

deionized water to a final volume of 1000 µl (dilution ratio: 1:500) [31]. 

 

Table 2: Protocols for sonication by probe and ultrasonic bath for α-syn-PFFs, respectively. 

 
Sonication Technique Sonication Features 

Probe 

Cycles/Duration Pulse (on/off) Temparature 

20 
1 sec / 1 sec 
3 sec / 3 sec 
5 sec / 5 sec 

Room temperature 
Ice 
Ice surrounded by dry ice 

Ultrasonic Bath 1 hour  Water temperature, 10 °C 
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(a.1) 

 
(a.2) 

 
(a.3) 

 
(b) 

 
(c) 

 
(d) 

Figure 2. Images of probe sonication. a.1, a.2, a.3. A view of the probe fixation from various angles. b. 

Sonication at room temperature. c. Sonication in ice. d. Sonication in ice surrounded by dry ice. b, c, d. 

For each protocol, a black stopper wrapped in parafilm prevents the aerosolized fibrils from evaporation. 

c and d. A white stabilizer prevents the 15 ml centrifuge tube from slipping. 

 

2.2.2. Determination of Hydrodynamic Diameter/Size of Sonicated Fibrils  
 

To measure the particle size in relation to the hydrodynamic diameter of the fibrils, dynamic light 

scattering (DLS) was performed at 25°C using a Malvern Instruments Zetasizer Nano-ZS (Malvern 

Instruments, Malvern, UK). After sonication, 1000 µl of sonicated fibrils in deionized water are 

transferred to a quartz cuvette for DLS measurements. For each sample, the measurement is repeated 

three times. As a result of the homogeneity of the sample, the device automatically determines the 

number of repetitions in measurement. A scattering angle of 90° is used for the measurement. The results 

of the measurement are displayed graphically in terms of the percentage density versus the 

hydrodynamic diameter (nanometer, nm) of the particles [29, 32]. 

 

2.2.3. TEM Imaging of Sonicated and Unsonicated Fibrils 

 

The bench is covered with parafilm to prepare a clean-hydrophobic work surface then the sample, and 

the controls were dropped on where the grids would be immersed sequentially. 4 drops of 200 μL sterile-

filtered distilled water (ddH₂O) dropped on parafilm. The entire volume of samples prepared for TEM 

was added as one drop; two drops of 200 µl 2% uranyl acetate were added. Formvar/carbon coated 
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copper grids were helded with fine tip lockable forceps. The dark side of the grid (formvar/carbon 

coating) was placed on the first drop of ddH2O. Once the grid has been removed after one minute, 

ddH2O is removed from the edge of the grid using a filter paper and the same procedure was repeated. 

Grids were placed on sonicated or unsonicated fibril drops for three minutes and excess fluids were 

removed with filter paper. After exposing the grids to the first drop of uranyl acetate for one-minute, 

excess uranyl acetate was removed with filter paper, and the process was repeated. Uranyl acetate 

process was carried out in the dark. Grids were kept in the third and fourth drops of ddH2O for one 

minute each, and the ddH2O was removed using filter paper on the grid edge (Figure 3). The grids were 

stored at room temperature in a grid box until imaging was performed [24]. The TEM imaging (FEI 

TecnaiTM G2 Spirit BioTwin model) was carried out by the TEM laboratory at Middle East Technical 

University, Central Laboratory. Fibrils and oligomers were imaged using magnifications of 13000 and 

68000, respectively. The length of fibrils and diameter of oligomers, particles were measured three times 

using Image J 1.53k. Measurements were averaged from at least three scores. 

 

 

 

Figure 3. An illustration of the staining protocol for TEM. Grids were coated with formvar/carbon on their 

dark sides. 1) All drops were placed on parafilm. For one minute, the grid was floated in the first drop of 

ddH2O with the dark side touching the drop, and the excess was wiped off using filter paper. Application 

repeats for one minute with the second drop of ddH₂O, three minutes with one drop of sonicated or 

unsonicated fibrils, 2) for one minute with two drops of uranyl acetate, and for one minute with two drops 

of ddH2O. 3) Grids were stored in the grid box until they were displayed (designed with BioRender) [24]. 
 

2.2.4. Statistical Analysis 
 

Results were presented as mean ± standard error. The Student's t test was used to compare two groups, 

and a one-way analysis of variance (ANOVA) followed by a posthoc Tukey's multiple comparison test 

was used to compare more than two groups. p<0.05 was considered statistically significant. The statistical 

analyses were conducted using GraphPad Prism 7 (GraphPad Software, Inc., San Diego, CA, USA). 

 

3. RESULTS 

 

3.1. Effects of Room Temperature on Sonication 

 

The smallest particles were obtained with 5 sec on/off pulse by comparing other pulse durations with 

hydrodynamic diameters/particle sizes measured with DLS (Table 3). The size distribution of the 
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particles is shown in Figure 4. Since the measurement principle of the DLS device is optimized for 

spherical particles, the results obtained for fibrils and oligomers were considered as an indicator of the 

length alterations [33]. 

 

 
Table 3: Particle sizes obtained using probe sonication at room temperature (n = 3). 

 
20 cycles and at room temperature 

Pulse (on/off) 1 sec on /1 sec off 3 sec on / 3 sec off 5 sec on / 5 sec off 

Average Particle Size (diameter, nm) 2959 ± 1355 817,6 ± 75,61 290,4 ± 25,09 

 

 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 4. Particle size distribution obtained after sonication at room temperature. (a) 1 sec on/off, (b) 3 sec 

on/off, (c) 5 sec on/off (n = 3). The results of the measurement are displayed graphically in terms of the 

percentage density versus the hydrodynamic diameter (nm) of the particles. 

 

As a result of TEM analysis, the average oligomer length (nm) was evaluated, and no significant 

differences were found in the 1 sec on/off or the 3 sec on/off group compared to the control. In the 5 sec 

on/off group, oligomer lengths were shorter on average than in the control or other pulse groups. 

(p<0.0001 5 s on/off vs control, p=0.0002 5 s on/off vs 1 s on/off, p<0.0001 5 s on/off vs 3 s on/off, 

Figure 5.1). Although fibril length decreased in the pulse groups compared to the control group, 

significance was not reached (Figure 5.2). 
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(a)                                         (b)                                        (c)                                         (d) 

 

 (e) 

Figure 5.1. Oligomer lengths after probe sonication at room temperature. (a) Control, (b) 1 sec on/off, (c) 3 

sec on/off, (d) 5 sec on/off. e) Data are expressed as mean ± standard error. One-way ANOVA 

followed by post hoc Tukey's multiple comparison tests were applied (****p<0.0001 5 s on/off vs 

control, ***p=0.0002 5 s on/off vs 1 s on/off, ++++p<0.0001 5 s on/off vs 3 s on/off). Scale bar: 100 

nm. 

 

         
(a)                                         (b)                                        (c)                                       (d) 

                                                                   
        (e) 

Figure 5.2. Fibril lengths after probe sonication at room temperature. (a) Control, (b) 1 sec on/off, (c) 3 sec 

on/off, (d) 5 sec on/off. (e) Data are expressed as mean ± standard error. One-way ANOVA followed 

by post hoc Tukey's multiple comparison tests were applied. Scale bar: 500 nm. 
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3.2. Effects of Ice on Sonication 

 

Based on measurements of average hydrodynamic diameter/particle sizes with DLS, smaller particles 

were obtained in an ice compared to room temperature at 1 sec on/off and 3 sec on/off pulse durations. 

At the same time, the particles are smaller in size due to the longer pulse duration of 3 sec on/off as 

opposed to 1 sec on/off. In contrast, particle size increased at a 5 sec on/off pulse duration in ice as 

compared to room temperature (Table 4). The size distribution of the particles is shown in Figure 6. 

Since the measurement principle of the DLS device is optimized for spherical particles, the results 

obtained for fibrils and oligomers were considered as an indicator of the length alteration [33]. 

 
Table 4: Particle sizes obtained using probe sonication in ice (n = 3). 

 
20 cycles and in ice 

Pulse (on/off) 1 sec on / 1 sec off 3 sec on / 3 sec off 5 sec on / 5 sec off 

Average Particle Size 

(diameter, nm) 
1443 ± 1108 494,1 ± 69,21 613,3 ± 105,9 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 6. Particle size distribution obtained after sonication in ice. (a) 1 sec on/off, (b) 3 sec on/off, (c) 5 sec 

on/off (n = 3). The results of the measurement are displayed graphically in terms of the percentage 

density versus the hydrodynamic diameter (nm) of the particles. 

 

Based on the TEM results, no difference was observed between the 1 sec on/off and the control, 

however, the average oligomer length of the 3 sec and 5 sec on/off groups was shorter than both the 

control and the 1 sec on/off group (p=0.0001 3 s on/off vs control, p=0.0002 3 s on/off vs 1 s on/off, 

p<0.0001 5 s on/off vs control, p<0.0001 5 s on /off vs 1 sec on/off, Figure 7.1). Although a decrease 

was observed in fibril length in the pulse groups compared to the control group, significance was not 

reached (Figure 7.2).  
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(a)                                         (b)                                        (c)                                          (d) 

   
(e) 

 

Figure 7.1. Oligomer lengths after probe sonication in ice. (a) Control, (b) 1 sec on/off, (c) 3 sec on/off, (d) 5 

sec on/off. (e) Data are expressed as mean ± standard error. One-way ANOVA followed by post hoc 

Tukey's multiple comparison tests were applied (***p=0.0001 3 s on/off vs control, +++p=0.0002 3 s 

on/off vs 1 s on/off, ****p<0.0001 5 s on/off vs control, ++++p<0.0001 5 s on /off vs 1 sec on/off). 

Scale bar: 100 nm. 

 

    
(a)                                         (b)                                         (c)                                        (d) 

   
(e) 

 

Figure 7.2. Fibril lengths after probe sonication in ice. (a) Control, (b) 1 sec on/off, (c) 3 sec on/off, (d) 5 sec 

on/off. (e) Data are expressed as mean ± standard error. One-way ANOVA followed by post hoc Tukey's 

multiple comparison tests were applied. Scale bar: 500 nm. 
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3.3. Effects of Ice Surrounded by Dry Ice on Sonication 

 

Measurements of hydrodynamic diameter/particle size with DLS in ice surrounded by dry ice indicated 

smaller particles were obtained at a 1 sec on/off pulse than at other temperatures. In addition, 5 sec 

on/off pulse duration has the smallest particle size compared to other pulse durations. On the other hand, 

particle size increased at both 3 sec on/off and 5 sec on/off pulse durations as compared to other 

temperatures (Table 5). The size distribution of the particles is shown in Figure 8. Since the measurement 

principle of the DLS device is optimized for spherical particles, the results obtained for fibrils and 

oligomers were considered as an indicator of the length alteration [33]. 
 

Table 5: Particle sizes obtained using sonication in ice surrounded by dry ice (n = 3). 

 
20 cycles and in ice surrounded by dry ice 

Pulse (on/off) 1 sec on / 1 sec off 3 sec on / 3 sec off 5 sec on / 5 sec off 

Average Particle Size 

(diameter, nm) 
1105 ± 786,8 840 ± 189,7 719 ± 262,4 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 8. Particle size distribution obtained after sonication in ice surrounded by dry ice. (a) 1 sec on/off, 

(b) 3 sec on/off, (c) 5 sec on/off (n = 3). The results of the measurement are displayed graphically in 

terms of the percentage density versus the hydrodynamic diameter (nm) of the particles. 

 

Based on the TEM results, there was no significant difference in the average oligomer length between 

the 3 sec on/off group and the control, but the average oligomer length was shorter in the 1 sec and 5 

sec on/off groups than in the control (p=0.0011 1 sec on/off vs control, p=0.0007 5 sec on/off vs control). 

Furthermore, the average oligomer length was longer in the 3 sec on/off group than in the other pulse 

groups (p=0.0115 3 sec on/off vs 1 sec on/off, p=0.0091 3 sec on/off vs 5 sec on/off, Figure 9.1). 

Although fibril length was smaller in the pulse groups compared to the control, the difference was not 

statistically significant (Figure 9.2). 
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(a)                                         (b)                                        (c)                                         (d) 

   
(e) 

 

Figure 9.1. Oligomer lengths after probe sonication in ice surrounded by dry ice. (a) Control, (b) 1 sec on/off, 

(c) 3 sec on/off, (d) 5 sec on/off. (e) Data are expressed as mean ± standard error. One-way ANOVA 

followed by post hoc Tukey's multiple comparison tests were applied (**p=0.0011 1 sec on/off vs 

control, ***p=0.0007 5 sec on/off vs control, *p=0.0115 3 sec on/off vs 1 sec on/off, ++p=0.0091 3 sec 

on/off vs 5 sec on/off). Scale bar: 100 nm. 

 

    
(a)                                        (b)                                        (c)                                         (d) 

   
(e) 

 

Figure 9.2. Fibril lengths after probe sonication in ice surrounded by dry ice. (a) Control, (b) 1 sec on/off, (c) 

3 sec on/off, (d) 5 sec on/off. (e) Data are expressed as mean ± standard error. One-way ANOVA 

followed by post hoc Tukey's multiple comparison tests were applied. Scale bar: 500 nm. 
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3.4. Effects of Ultrasonic Bath on Sonication 

 

A DLS measurement of the average hydrodynamic diameter/particle size revealed that the particle sizes 

were similar to those obtained by probe sonication (Table 6). The size distribution of the particles is 

shown in Figure 10. Since the measurement principle of the DLS device is optimized for spherical 

particles, the results obtained for fibrils and oligomers were considered as an indicator of the length 

alteration [33]. 

 
Table 6: Particle sizes obtained using ultrasonic bath sonication (n = 3). 

 
 1 hour and 10 °C water temperature  

Average Particle Size (diameter,nm) 1017 ± 116,4 

 

 
(a) 

 

Figure 10. Particle size distribution obtained after ultrasonic bath sonication (n = 3). The results of the 

measurement are displayed graphically in terms of the percentage density versus the hydrodynamic 

diameter (nm) of the particles. 

 

According to the TEM results, the oligomer lengths in the ultrasonic bath group were shorter than the 

control (p=0.0012 ultrasonic bath vs control, Figure 11.1). The length of fibrils was reduced in the 

ultrasonic bath group, but this difference was not statistically significant (Figure 11.2). 

 

   
(a)                                            (b)                                           (c) 

 

Figure 11.1. Oligomer lengths after ultrasonic bath sonication. (a) Control, (b) ultrasonic bath. (c) Data are 

expressed as mean ± standard error. Student’s t test was applied (**p=0.0012 ultrasonic bath vs 

control). Scale bar: 100 nm. 
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(a)                                            (b)                                           (c) 

 

Figure 11.2. Fibril lengths after ultrasonic bath sonication. (a) Control, (b) ultrasonic bath. (c) Data are 

expressed as mean ± standard error. Student’s t test was applied. Scale bar: 500 nm. 

 

4. DISCUSSION 

 

The α-syn-PFFs model provides the opportunity to elucidate the role of α-syn in PD pathogenesis and 

investigate therapeutic approaches. In order to investigate the pathology of α-syn, long fibrils were 

broken by sonication into short fibrils with an average length of 50-100 nm [26,28,34,35]. It has been 

demonstrated that the presence of fibrils ranging in length from 50-100 nm has a crucial role in the 

development of pathology following the uptake of α-syn into the cell [25, 36]. In fact, fibrils smaller 

than 50 nm resulted in more protein aggregation in both cultured cells and mouse brains [28]. 

 

Sonication protocols vary based on the type of sonicator (probe or bath sonicator), and the ambient 

temperature, pulse duration, and number of repetitions in probe sonication. Following sonication of 

fibrils, it is induced misfolding and aggregate formation of endogenous α-syn. However, ensuring the 

formation and reproducibility of α-syn pathology is a challenging process because of variations in the 

sonication protocol [26, 28]. Consequently, standard sonication protocols are required to break fibrils to 

the appropriate size and, hence, form pathology [24, 25]. 

 

Our study examined the effect of pulse durations at three different temperatures on fibrils breaking and 

found that shorter oligomers were obtained by increasing the pulse duration at room temperature after 

probe sonication. At room temperature, the oligomers were shorter than 50 nm when only a 5 sec on/5 

sec off pulse was applied. The reduction in ambient temperature was found to decrease the oligomer 

size in pulse applications of 1 sec on/1 sec off (in ice surrounded by dry ice) and 3 sec on/3 sec off (in 

ice), whereas it increased the size in pulse application of 5 sec on/5 sec off. These results indicate that 

in order to break the fibrils, the ambient temperature should be reduced in accordance with the 

decreasing frequency of the pulse. Further, an increase in oligomer length was observed in ice 

surrounded by dry ice after a 3 sec on/3 sec off pulse, suggesting that monomers released during 

sonication may re-oligomerize even at sufficiently low temperatures [37]. At all temperature, however, 

the oligomers of 50 nm or shorter length were obtained by sonicating for a 5 sec on/5 sec off pulse. 

According to these results, fibrils were more effectively broken by consecutive pulse applications. 

 

Besides probe sonication, ultrasonic bath sonication is also used as a sonication method [25,29,31]. In 

our study, the oligomers were 50 nm and shorter after ultrasonic bath sonication, consistent with prior 

study [31]. In ultrasonic bath sonication, fibrils do not aerosolize, thereby preventing fibril volume loss. 

In addition, the stopper used in our study reduced fibril volume loss during probe sonication. Using a 

stopper is an addition that contributes to the method in our study. 

 

Although the fibril lengths were reduced following sonication with both the probe and ultrasonic bath, 

some fibrils were not broken. There may be a need to increase the number of sonication repetitions in 

order to break all fibrils, as has been observed in previous studies [28,38]. It is also recommended that 
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a waiting period was allowed between each sonication repetition during probe sonication in order to 

prevent the sample from overheating and to increase the success of the sonication process [39], as used 

in our study. 

 

5. CONCLUSION 

 

In conclusion, different sonication methods changed the sizes of the oligomers in our study. The results 

indicate that different sonication methods may be used to obtain oligomers of 50 nm and shorter lengths. 

It is also necessary to lower the ambient temperature in accordance with the decreasing pulse frequency. 

Additionally, there are some fibril structures that cannot be broken regardless of the method. Therefore, 

in future studies, the method should be improved by an increase in the number of sonication repetitions. 

In this way, identifying optimized/standard sonication protocols will contribute to the formation of α-

syn pathology by using α-syn-PFFs model in PD studies.  
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