Acta Medica 2025; 56(2): 92-107

DOI: 10.32552/2025.ActaMedica. 1111

acta medica

ORIGINAL ARTICLE

Comparison of two main fragmentation methods of amyloid beta
fibrils for establishing an Alzheimer disease model in cell culture

Elham Bahador Zirh'
ORCID: 0000-0002-6921-2365

Hare Yazgi?
ORCID: 0009-0001-3818-4576

Hilal Akyel**
ORCID: 0000-0003-2841-6668

Cahide Banu Tel*
ORCID: 0000-0001-5453-1294

Selim Zirh®
ORCID: 0000-0002-7962-6078

' Department of Histology and Embryology, Faculty of
Medicine, TOBB Economy and Technology University,
Ankara, Turkiye

2 Department of Neurology, Faculty of Medicine,
Ankara University, Ankara, Turkiye

3 Department of Pharmacology, Faculty of Pharmacy,
Baskent University, Ankara, Tlrkiye

* Department of Pharmacology, Faculty of Pharmacy,
Hacettepe University, Ankara, Turkiye

°> Department of Histology and Embryology, Faculty of
Medicine, Erzincan Binali Yildirim University, Erzincan,
Turkiye

Corresponding Author: Selim Zirh
E-mail: szirh@erzincan.edu.tr

Received: 3 January 2025, Accepted: 14 April 2025,
Published online: 20 June 2025

INTRODUCTION

—20) ABSTRACT Cosr

Aim: Amyloid beta fibrils have been shown to play a role in plaque
formation and aggregation in Alzheimer’s disease. Obtaining these
fibrils using two main methods and applying them to Alzheimer’s
modelling is crucial in understanding the pathology of the disease at
the molecular level and identify in therapeutic targets. The aim of our
study is to determine the optimum sonication parameters using probe
and ultrasonic bath sonication laboratory methods and to demonstrate
Alzheimer’s disease modelling at the cellular level.

Methods: Lyophilized human peptide amyloid beta;4, fibrils (fAB;.
1) were subjected to probe sonication for 1 minute with 1, 3 and 5
second on/off pulse applications at varying ambient temperatures
(room temperature, ice and ice surrounded by dry ice [ISDI]) for 20,
40 and 60 cycles, respectively. Then, ultrasonic bath sonication was
performed in 10 °C water for 1 hour. The length of the fragmented
fibrils was quantified by transmission electron microscopy (TEM). fAp;.
4 at different concentrations was applied to SH-SY5Y cell line. The
non-toxic dose and time of fAB:.4; application were analysed using the
WST-1 assay. Intracellular and extracellular fibrils were visualized with
immunofluorescence (IF) labelling.

Results: Although, fragmentation was observed under all conditions,
it was observed that fibrillar lengths decreased as the on/off pulse
times increased, regardless of the number of cycles with ice and
dry ice. Additionally, decreasing the temperature increased fibrillar
fragmentation.

Conclusion: We anticipate that our study will contribute to the literature
by developing an effective and economical sonication method for
fibrillar fragmentation with two main laboratory methods and obtaining
fAB1.42 that can be used in cells at optimum concentration.

Keywords: Amyloid beta, Alzheimer disease, sonication method,
fragmentation, SH-SY5Y

Amyloidosis is a broad term that encompasses
various proteinmisfoldingdiseases, allcharacterized
by the accumulation of soluble precursor proteins
into insoluble aggregates outside the cell. It
is known that this fibrillar structure, which is
unbranched and has a diameter of approximately
10 nm, generally has non-parallel peptides that
form a beta-pleated structure [1]. In the pathology

of Alzheimer’s disease (AD), amyloid beta (AB)
peptides, produced through the breakdown of
amyloid precursor protein (APP), play a significant
role as they aggregate to form amyloid plaques
[2]. Although the main cause of AD - characterized
by dementia, memory problems and learning
difficulties due to the neuron damage - [3], is not yet
fully understood, it has been stated that A3 plaques
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can accumulate outside the nerve cells and disrupt
the signalling transmission between them, leading
to functional losses such as memory impairment
as a result of brain damage [4]. Furthermore, this
accumulation has been suggested to trigger
immunity by causing neuroinflammation [5].

The significance of A oligomer internalization in
the pathogenesis of AD has been demonstrated in
numerous studies. One study provided evidence
that the uptake of oligomers via pinocytosis
increases neurotoxicity, while a reduction in toxicity
induction is observed in the absence of intracellular
uptake [6]. Additionally, research has shown that
inhibiting endocytosis prevents neuronal damage,
suggesting that intracellular amyloid beta;.,, (AB:.
42) plays a more critical role in neurodegeneration
than extracellular aggregates [7]. Another study
indicated that intracellular AR impairs intracellular
trafficking and organelle movement, potentially
contributing to synaptic damage [8]. Furthermore,
AB oligomer internalization has been shown to
potentiate tau pathology, leading to increased
synaptic toxicity [9]. Consequently, preventing A
oligomer internalization has been emphasized as a
potential therapeutic target in AD research.

The APP, a type 1 transmembrane structure, is
encoded by the APP gene located on human
chromosome 21 [10-12]. This protein, which is
particularly expressed in the central nervous system
and has a role in various physiological processes,
consists of 639-770 amino acids [13]. The processing
of APP into smaller fragments, including the ~4 kDa
ABpeptide[14],iscarriedoutbythreekeysecretases:
a-secretase, B-secretase, and y-secretase [15]. In
amyloidogenic and non-amyloidogenic pathways
involving these secretases, the soluble APP domain
is generated through the combined action of a-
and y- secretase [15], while the insoluble AB,_4, form
is produced via the cooperation of 3-secretase and
y-secretase [16]. During plaque formation, AR
and AP, forms are the main components. With
the increase in the AB;.../AB.4 ratio in favour of
AR, this structure, promotes protein misfolding,
forms protein aggregates and plaques [2], causing
toxicity for cells. These plaques stimulate immune
system cells and cause inflammation, which further
contributing to damage to neurons [16].

In addition to the frequent use of animal models
to study human diseases, their evolutionary
differences may affect the accuracy of scientific

findings [17]. In vitro methods offer significant
advantages for investigating tau and amyloid
pathology, analysing biochemical products
and organelles, testing therapeutic agents, and
understanding AD, as they better represent the
natural microenvironment of the pathology [18].
Both in vitro and in vivo studies have demonstrated
that high molecular weight oligomers, known
as protofibrils, not only increase amyloid plaque
aggregation but also contribute to neuronal
degeneration and cognitive impairment [19]. It
has been reported that utilizing these methods is
beneficial for gaining a deeper understanding of
the disease mechanism and exploring potential
solutions. Specifically, they provide valuable
insights into the structural intermediates and fibrils
formed during the aggregation process, starting
from high-yield recombinant AR peptide and its
oligomeric building blocks [20].

In addition to the fact that the sonication method
has been shown to promote AB aggregation [21],
it has also been observed that proteins associated
with the disease or not associated with the disease
form amyloid during sonication [22]. Changes in
the covalent bond structure of proteins, along
with factors such as high temperature, elevated
pH levels, or alcohol addition, can disrupt protein
stabilization and promote amyloid aggregation in
vitro. Sonication contributes to amyloid pathology,
which stimulates immunity in the living organism
and leads to disease, by disrupting protein
stabilization [21]. Transmission electron microscopy
(TEM) can be employed to assess the length
and diameter of fibrils obtained post-sonication,
verifying through imaging whether small fibrils of
homogeneous size are produced [23]. However,
evidence suggests that molecular conformation
and aggregation potential have a greater impact
on neurotoxicity than size characteristics [24].

In this study, fibril fragmentation was achieved
using both probe and ultrasonic bath sonication
methods. Probe sonication involved 20, 40, and 60
cycles under varying pulse durations (1, 3, and 5
seconds on/off) and ambient temperatures (room
temperature (RT), ice, and ice surrounded by dry
ice [ISDI]). In terms of probe sonication, a pulse
duration of 1 second on/off is most commonly used,
while RT is the preferred ambient temperature
[25,26]. To evaluate a range of pulse durations, we
chose 1, 3, and 5 seconds on/off. Although RT is the
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most preferred ambient, some studies use ice for
sonication [24,27], so we included both conditions
for comparison. Additionally, we surrounded the
ice with dry ice to further cool the environment,
preventing re-fibrillation due to heating and
assessing whether more effective fragmentation
could be achieved. Moreover, [24] reported the
sonication of fibrils for 20 cycles, whereas [28]
indicated that fibrils were sonicated for 60 cycles.
Therefore, we applied 20, 40 and 60 cycles to
determine the optimal sonication cycle.The primary
aim was to evaluate the effects of 20, 40, and 60
cycles of probe sonication on fibril fragmentation
while maintaining constant pulse durations and
ambient temperatures. Additionally, fibrils were
subjected to bath sonication for 1 hour at 10 °C, as
described by Creed et al. [29], aiming to compare
the effects of probe sonication and ultrasonic bath
sonication on AP, fragmentation. Following TEM
verification, the immunofluorescence technique
was employed to determine whether fibrils
associated with AD pathology could be observed
in the presence of cells. Thereby, an AD cell model
was subsequently established.

MATERIALS AND METHODS

Preparation of Amyloid Beta,_,, Fibrils (fAB,.,)

ABi4 human peptide (lyophilized-1 mg) were
purchased from Peptiteam, Middle East Technical
University, Ankara, Turkiye.

AB1.4, is reported to spontaneously form amyloid
fibrils upon incubation of AB,., solution at 37 °C
at a concentration that is much higher than the
physiological concentration of its in biological fluids

/Y

[30]. Additionally, it is widely known oligomeric
AB;.4, intermediates, which are denoted fibrillar
oligomers, enter the fibril-forming pathway to form
fibrils [31]. In order to form fAB,.., AB:.4 peptide
was dissolved in 1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP) and dried overnight under laminar flow
cabinet. The peptide microfilm was then dissolved
in sterile phosphate buffer salin (PBS) (200 uM, pH
7.4). The unaggregated peptide was incubated at
37 °C for 24 h, and then gently mixed to promote
aggregation. Next, fA,.4, was aliquoted and stored
-20 °C until it will be used [32] (Table 1).

Sonication of fAB,.,,

Sonications were performed with a probe sonicator
and an ultrasonic bath sonicator. Sonication steps
were conducted in a biosafety level-2 cabinet
in order to prevent exposure to fibrils that may
become aerosolized during probe sonication
(Figure 1).

Probe Sonication

1. Attach a 3 mm diameter probe to the converter,
and set the general sonicator parameters (30%
amplitude; the time to 0:01:00). The amplitude
value of 30% [33] and a duration of 1 minute were
the most commonly used in previous studies [25,26]
was also selected for our study. Pulse duration,
sonication cycles and ambient temperature were
set as stated in Table 2.

2. Thaw fibrils at room temperature (RT) (24°C + 2).

3. To achieve a final concentration (20 pM), stock
solution of fAB,.4, was diluted with sterile-filtered
deionized water (dH,O) or PBS to 200 ul volume
for TEM imaging or cell culture experiments,
respectively.

da

.,4
.

Figure 1. Sonication Images. Probe sonication at RT (a), in ice (b), in ISDI (c), ultrasonic bath sonication (d).
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Table 1. Materials used in all experiments

Proteins
Human Amyloid Beta1-42

Name ‘ Company ‘ Catalog Number
Antibodies

Beta Amyloid 1-42 Polyclonal Antibody Bioss BS-0107R

Goat Anti-Rabbit IgG H&L (Alexa Fluor® 488) Abcam ab150077

Cell Line

Human Neuroblastoma Cells (SH-SY5Y) | ATCC | CRL-2266
Equipments

Steril Conical Centrifuge Tubes, 15 ml Greiner Bio-One, Cellstar®

Steril Conical Centrifuge Tubes, 50 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

Lockable Tweezer

Formvar/Carbon Coated Copper Grids Ted Pella Inc. 01801

Grids Box Ted Pella Inc.

Cell Culture Flask, 75 cm? Greiner Bio-One, Cellstar® 658175

Cell Culture Chamber Slide SPL Life Sciences 30108

Devices

Centrifuge Device Hitachi Himac CT6E

Probe Sonicator Sonics Vibra-Cell™ VCX 750

Probe Sonics Vibra-Cell™ 630-0422 (microtip)
Utrasonic Bath Sonicator Branson CPX5800H
Transmission Electron Microscope FEI Tecnai G? Spirit BioTwin model
Microplate Reader Heales MB-580 Elisa Reader
Fluorescent Microscope Leica DM 2000 LED

Purchased from Peptiteam, Ankara, Turkiye

Reagents

1,1,1,3,3,3-Hexafluoro-2-propanol (HFIP) Sigma-Aldrich 105228-5G

Uranyl Acetate Eletron Microscopy Sciences 22400

Dulbecco’s Modified Eagle Medium (DMEM) Capricorn Scientific DMEM-HA

L-Glutamine Capricorn Scientific GLN-B

Penicillin-Streptomycin Capricorn Scientific PS-B

Fetal Bovine Serum Capricorn Scientific FBS-HI-22A

Trypsine-EDTA Capricorn Scientific TRY-3B

WST-1 Roche Cellpro-Ro-11 644 807 001
Phosphate-Buffer Salin Capricorn Scientific PBS-1A

Normal Goat Serum Capricorn Scientific GOA-1B

EPI-IHC-Antibody Diluent EpiplasT D220520-100 ml

UltraCruz® Aqueous Mounting Medium with DAPI | Santa Cruz Biotechnology sCc-24941-10 ml
4. The probe was cleaned using 70% ethanol and a. It is important that the probe tip does not
sterile distilled water. Additionally, the probe was touch either the tube or the stopper in order to

sterilized with UV light for 15 minutes.

prevent energy loss.

5. In order to minimize the loss of fibrils, a parafilm- b. In order to prevent shifting during sonications
wrapped stopper with a hole was placed inside the inice (-20°C + 4) and in ISDI (-80°C £ 10), a white

sterile conical centrifuge tube (15 ml).

foam holder was placed around the sterile
conical centrifuge tube.

6. Place the probe tip in the middle of the sample.

95



Modeling Alzheimer: AB Fibril Fragmentation Comparison

Table 2. Probe and ultrasonic bath sonication protocols for fibrils

Sonication Features

Sonication Technique

Cycles
Probe 20/40/60
Ultrasonic Bath 1 hour

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

Temperature
-Room temperature (240C £ 2)
-lce (-200C + 4)
-Ice surrounded by dry ice (-800C £ 10)

10 °C (water temperature)

7. Move the probe up and down during each pulse
to ensure that all fibrils are sonicated.

8. To prevent the tube from overheating, wait one
minute between each 1-minute sonication cycle.

9. In order to collect liquid that splashes onto walls,
remove the probe from the sample and briefly
centrifuge it at 2000 g for 1 second.

10.Following that, the entire volume was transferred
to a sterilized microcentrifuge tube.

11. To clean the probe, wipe it with lab tissue
dampened with 1% SDS, 70% ethanol, and distilled
water, respectively. Then, dry the probe with a lab
tissue.

12. Detach the probe from the converter and store.

13. After cleaning the cabinet with 1% SDS, wipe it
down with 70% ethanol.

a.The 1% SDS solution was used to dissociate fibrils
and clean surfaces and equipments.

Ultrasonic Bath Sonication

1. The temperature of the distilled water was set to
10°Cin the bath tank.

2.The entire sample volume (200 pl) was immersed
in water using a holder.

3. Sonication was performed for one hour.

Transmission Electron Microscopy for fAB,.,,
Visualization

The bench surface was covered with a parafilm.
Copper grids (200 mesh, Ted Pella Inc.), coated with
formvar and carbon, were washed twice on the
drops of deionized water (dH,0O) for one minute
each time. After washing, the grids were gently
blotted with filter paper. The grids were then

floated on a drop of fAf3,.,, sample for 3 minutes and
blotted again with filter paper. Next, the grids were
negatively stained by applying two 1% (w/v) uranyl
acetate drops for one minute each and filtered
to remove excess uranyl acetate. Afterward, was
removed by wicking with filter paper. Finally, the
grids were stored in a grid box until imaging. The
TEM images were taken by the Central Laboratory
at Middle East Technical University, Ankara, Turkiye,
using a Tecnai G Spirit BioTwin TEM (FEI) at 65,000x
magnification. The grids were examined at a
magnification of 65000 using a TEM (Tecnai G Spirit
BioTwin, FEI). The microscope was equipped with a
LaB6 gun operated at an acceleration voltage of 80
kV. Fibril lengths were measured using ImageJ 1.53k
software for semi-quantitative analysis [34,35].

Cell Culture

Human neuroblastoma cells (SH-SY5Y) were
obtained fromthe American Type Culture Collection
(ATCC, Manassas, VA, USA). Cells were cultured
in Dulbecco’s modified Eagle’s medium (DMEM)-
high glucose supplemented with 10% foetal
bovine serum (FBS), 2 mM L-glutamine, 100 U/mL
penicillin/streptomycin. Cells were maintained in
T75 flasks at 37 °C in a 5% CO, atmosphere. Cells
from passage 2 were used in the experiments. For
assays, cells were plated on 96-well plates or 8-well
chamber slides and grown to 70-80% confluence
[36].

Assessment of AB,,, Administration by WST-1
Assay

Cellviability following A, 4, treatment was assessed
using the WST-1 assay (Roche, Cat no 11 644 807
001) to determine the optimal concentration of
AB and treatment time for inducing A3 pathology.
SH-SY5Y cells were seeded at 4 x 10* cells/well in
96-well plates with 200 yuL growth medium [37].

96



Acta Medica 2025; 56(2): 92-107

Bahador Zirh et al.

After 24 hours, the cells were treated with different
concentrations of AB,,. Samples of AR, was
diluted with the growth medium to prepare serial
concentrations (1 uM, 5 uM, 10 uM, 20 puM; [38,39]).
At hours 24 and 48 after AR, treatment, 10 uL of
WST-1 solution was added to the each well and
incubated for 4 hours. Absorbance was measured
at 450-600 nm using a microplate reader (Heales,
MB-580 Elisa Reader, India), and cell viability was
calculated. Each concentration and time point was
tested in triplicate [371].

Immunofluorescence Staining for SH-SY5Y Cells

For immunofluorescence, SH-SY5Y cells were
cultured on 8-well chamber slides. After fixation
with 100% methanol for 5 minutes, cells were
washed with PBS. Serum blocking was performed
using 1:50 goat serum for 1 hour. The primary
antibody (bs-0107R, AB,4 Polyclonal Antibody,
Bioss, USA, 1:200) was incubated with cells at
room temperature for 2h. After washing with
PBS, cells were incubated with seconder antibody
(ab150077, Abcam, USA, 1:1000) in the dark and RT
conditions for Th. Nuclei were stained with DAPI
(H-2000, Vector Laboratories, USA). The slides were
analyzed using a fluorescent microscope. In 400X
magnification, micrographs were captured and
analyzed.

Statistical Analysis

TEM data were expressed as mean * standard error
of the mean (SEM) and analyzed using GraphPad
Prism Version 7.0 (GraphPad Software Inc., San
Diego, CA). The normality of the experimental
data was assessed using the Shapiro-Wilk test. For
comparisons between multiple groups, one-way
ANOVA followed by Dunnett’s multiple comparisons
test was applied for normally distributed data, while
the Kruskal-Wallis test followed by Dunn’s multiple
comparisons test was used for non-normally
distributed data. For comparison of two groups
(ultrasonic bath analysis), the Mann-Whitney test
was employed. A p-value < 0.05 was considered

statistically significant.

RESULTS

Transmission Electron Microscopy for fAB,.,;
Visualization

In our study, we aimed to expose AP fibrils to
different sonication conditions (20, 40 and 60
cycles with probe sonication and ultrasonic bath)
and various ambient temperatures (RT, in ice, and
in ISDI) to fragment the fibrils to the required for
cellular uptake and AD model formation. To assess
the efficacy of these methods, we measured the
fibril length using TEM and calculated the mean
length.

When evaluating probe sonication parameters, a
statistically significant reduction in fibril length was
observed in all groups compared to the control.
Notably, the extension of the pulse time led to
successful fibril fragmentation, irrespective of the
ambient temperature and number of cycles. Among
these results, fibrils were significantly broken in all
on/off pulse groups compared to the control group
in the groups with 20, 40 and 60 cycles (Table 2).
As the on/off pulse duration increased from 1
second to 3 and 5 seconds, fibril fragment lengths
decreased (Table 3, Figure 2, 3,4 and 5).

Fibrils must be shorter than 100 nm to internalize
into cells and induce intracellular neuropathology
[40,41]. Accordingly, among the probe sonication
methods tested, the average length measurements
of fibrils after the following treatments were all
below 100 nm: 20 cycles with 5 second on/off pulse
at ice (mean length: 86.97+4.653 nm), 40 cycles
with 5 second on/off pulse at RT, and 40 cycles
with 5 second on/off pulse in ISDI (mean lengths:
89.93+5.988 nm and 96.79+9.662 nm, respectively);
60 cycles with 5 second on/off pulse at RT, and 60
cycles with 5 second on/off pulse in ISDI (mean
lengths: 96.64+3.09 nm and 98.93+7.298 nm,
respectively). The average fibril length obtained
from ultrasonic bath sonication (mean length:
92.62+2.755 nm) also fell below 100 nm (Table 3,
Figure 2, 3,4 and 5). These results demonstrate that
decreasing the temperature and extending the on/
off pulse duration in probe sonication significantly
enhance fibril fragmentation.
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Table 3. Mean of fibrillar lengths of all groups

20 CYCLES - 100 nm
Room Temperature (RT)

Mean
SEM

Mean
SEM

Mean
SEM

Mean
SEM

Mean
SEM

Mean
SEM

Mean
SEM

Mean
SEM

Mean
SEM

Mean
SEM

Control
386.8
19.66

Control
386.8
19.66

Control
386.8
19.66

Control
386.8
19.66

Control
386.8
19.66

Control
386.8
19.66

Control
386.8
19.66

Control
386.8
19.66

Control
386.8
19.66

Control
386.8
19.66

ULTRASONIC BATH - 100 nm

1 sec on/off
259.6
5.871

Ice

1 sec on/off
215.7
11.69

ce surrounded by dry ice

1 sec on/off
202.1
8.857

40 CYCLES - 100 nm
RT

1 sec on/off
2219
9.571

Ice

1 sec on/off

226.7

6.503
ce surrounded by dry ice
1 sec on/off

221.2

11.52

60 CYCLES - 100 nm
RT

1 sec on/off
215.6
13.5
Ice
1 sec on/off
198
5.766
ce surrounded by dry ice

1 sec on/off
1194
9.292

3 sec on/off
208.9
11.04

3 sec on/off
198.9
12.17

3 sec on/off
177.4
13.66

3 sec on/off
1934
9.759

3 sec on/off
200.5
15.89

3 sec on/off
153.5
9.52

3 sec on/off
170.3
13.51

3 sec on/off
160.6
12.25

3 sec on/off
149.2
13.26

Bath
92.62
2.755

5 sec on/off
183.5
8.808

5 sec on/off
186.92
4653

5 sec on/off
141.7
7.63

5 sec on/off
89.93
5.988

5 sec on/off
136.2
10.18

5 sec on/off
96.79
9.662

5 sec on/off
96.64
3.09

5 sec on/off
148.8
8.645

5 sec on/off
98.93
7.298

All values are nanometers (SEM: standard error of the mean).
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Control 1sec on/off 3sec on/off 5sec on/off
;
Ice Ice Ice
.
-
Dry ice
e
£ z 5
£ | £
S = £
o =)
RT-20 cycles Ice-20 cycles Dry ice-20 cycles

Figure 2.ChangesinfAB1-42 length, following 20 cycles probe sonication in different temperature and pulse duration.

The fibrils were significantly broken in all pulse groups compared to control group (A) at RT (****p=0.0001; one-way ANOVA followed by post hoc
Dunnett’s multiple comparisons test), (B) in ice (****p=0.0001; one-way ANOVA followed by post hoc Dunnett’s multiple comparisons test), and (C)
in ISDI (****p=0.0001; one-way ANOVA followed by post hoc Dunnett’s multiple comparisons test, scale bars are 100 nm).
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Control 1sec on/off 3sec on/off 5sec on/off

*hkk

ek

E 4004 T E 400
& £ =
£ 3004 £ £ 3004
g g g
= 200 s g 2004
L [T T IR W PO N U A . O
¢ 0
RT-40 cycles Ice-40 cycles Dry ice-40 cycles

Figure 3. Changes in fAf:.4; length, following 40 cycles sonication in different temperature and pulse duration.

The fibrils were significantly broken in all pulse groups compared to control group (A) at RT (****p=0.0001; one-way ANOVA followed by post hoc
Dunnett’s multiple comparisons test), (B) in ice (**p=0.0023; ****p<0.0001, Kruskal Wallis followed by post hoc Dunn’s multiple comparisons test),
and (C) in ISDL. (*p=0.0424, ***p=0.0002, ****p<0.0001; Kruskal Wallis followed by post hoc Dunn’s multiple comparisons test, scale bars are 100
nm).
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Control 1sec on/off 3sec on/off 5sec on/off
RT
-2
L
. o
: ”
~ :‘
Ice :

Dry ice Dry ice Dry ice

kkkk wREK kA
et de e fddtd ko
600+ xxxx
®oan
500 *

E E T 400-
£ £ £
5 v 5 > Rl
E . ' Sage c
kL Ea - 5 -{-:ﬂ.— PR S 200-

e e . il RO

2 - :. ---m ----- a0t | .| gt} 4004 - e

1 | | |
& & & ; s ; °
I I I & & ¢ f
() () o o' o'
o & o o
o o & &
] L) L) )
RT-60 cycles Ice-60 cycles Dry ice-80 cycles

Figure 4. Changes in fAf:.4; length, following 60 cycles sonication in different temperature and pulse duration.

The fibrils were significantly broken in all pulse groups compared to control group (A) at RT (**p=0.0058, ****p<0.0001; Kruskal Wallis followed by
post hoc Dunn’s multiple comparisons test), (B) in ice (***p=0.0005; ****p<0.0001, Kruskal Wallis followed by post hoc Dunn’s multiple comparisons
test), and (C) in ISDI. (***p=0.0002, ****p<0.0001; Kruskal Wallis followed by post hoc Dunn’s multiple comparisons test, scale bars are 100 nm).
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Control

1

Figure 5. Changes in fAB,4, length, following ultrasonic bath sonication.

600~ s
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200

100 -----g e e

The fibrils were significantly broken in ultrasonic bath group compared to control group (****p<0.0001; Mann Whitney test, scale bars are 100 nm).
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Sonication Mean SEM Mean SEM Mean SEM Mean SEM
1 92.430 0.840 90.368 0.570 8§5.732 0.344 T2.077 0.681

102353 | 0.164 | 101.527 | 0.132 | 88.575 0.320 17.756 0.478
106.137 | 0.784 | 105.383 | 0.617 | 85534 0.927 45115 0.364
105316 | 0.781 | 103673 | 0.359 | B8B.164 1.020 92 487 0.118
103.311 | 1.795 | 105476 | 1.184 83.21 0.847 68.549 0.541
6 97.825 0.462 | 96.707 | 0.736 | 84.545 0.525 70.973 0.594

Figure 6. A: The percentage of cell proliferation after administration with different concentrations of selected
sonication species at 48 hours. B: Sonication species: 1: Ice-20 cycles-5 second on/off; 2: RT-40 cycles-5 second on/off;
3: Dry-ice-40 cycles-5 second on/off; 4: RT-60 cycles-5 second on/off; 5: Dry ice-60 cycles-5 second on/off; 6: Ultrasonic
Bath.

| AW N

Data are presented as percentages of the control group. Data was given as mean + SEM of three replicates of experiments. Different letters show
statistically significant differences between concentrations in all groups (a p<0.0001 T pM vs 10 uM; b p<0.0001 1 uM vs 20 uM; ¢ p<0.05 5 uM vs 10
pM; d p<0.0001 5 uM vs 20 uM; e p<0.0001 10 uM vs 20 uM; two-way ANOVA followed by post hoc Tukey).
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Figure 7. Immunofluorescence staining of all groups.
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AP+42 accumulations were seen on both intracellular and extracellular areas. As indicated in the reference papers [54,55], images were captured at

x40 magnification (Blue: nuclei, green: A4, protein; scale bars are 50 nm).

Assessment of AB,,, Administration by WST-1
Assay

To determine the optimal non-toxic concentration
of AP fibrils for in vitro application, we employed
the colorimetric WST-1 assay. Fibrils with an average
length below 100 nm (produced by ice-20 cycles-5
second on/off; RT-40 cycles-5 second on/off; dry-
ice-40 cycles-5 second on/off; RT-60 cycles-5
second on/off; dry-ice-60 cycles-5 second on/off;
and ultrasonic bath methods) were administered to
SH-SY5Y cells at 1, 5, 10, and 20 uM concentrations.
Based on the results, 5 uM was identified as the
highest non-toxic dose (Figure 6).

Immunofluorescence Staining for SH-SY5Y Cells

To visualize the accumulation of broken AR fibrils
in SH-SY5Y cells, indirect immunofluorescence
was performed. Cells were incubated with fibrils
at a 5 uM concentration for 24 and 48 hours. Both
intracellular and extracellular accumulation of AR
fibrils was observed in each group, with a notable
increase in accumulation at 48 hours compared to
24 hours (Figure 7).

DISCUSSION

ABaccumulationisahallmarkof neuroinflammation
and cell death in AD [42]. This accumulation
disrupts neuronal signalling and contributes to the
progression of AD pathology [4]. Understanding the
behaviour of AR in both in vivo and in vitro models is
critical for identifying potential therapeutic targets
[43]. In our study, we compared different sonication
methods to find the most effective procedure for
fragmenting A fibrils for AD model creation. Our
findings indicate that varying the pulse durations
(1,3, and 5 seconds) during sonication significantly
contributes to fibril fragmentation. Moreover,
performing sonication at lower temperatures (ice

or ISDI) enhanced fibril breakdown. Sonication,
both with probe and ultrasonic bath methods,
has been shown to be effective for producing
sufficiently fragmented AR fibrils that can be used
for AD [21,44].

The aggregation tendency of the fragments
obtained by preserving the structural properties of
the protein through the sonication method applied
to mature fibrils is important for the formation of a
realistic model [24]. It has been stated that acoustic
cavitations occur with both probe and ultrasonic
bath sonication, which are performed to provide
a homogeneous distribution and fragmentation
within the fibrils. It has been stated that an increase
in the duration and power of the mentioned
sonication methods reduces the stability of the
liquids containing nanoparticles and that there is
an optimum point for thermal conductivity [45].
One of the aims of our study was to evaluate the
effect of 1-minute sonication performed for 20,
40 or 60 cycles. To prevent protein denaturation
during sonication, a 1-minute rest period was
applied between each 1-minute sonication cycle.
After sonication, TEM imaging was used to observe
amyloid fibril morphology and for measuring
the length of the fibrils [46]. When the decrease
of the fibril lengths in the repeat groups were
compared with the control group, it was revealed
that the extension of the sonication time was
statistically significant, independent of the ambient
temperature and the number of cycles. These data
are also consistent with previous studies [23]. It was
also observed that the lengths of the formed fibril
fragments decreased as the on/off times increased,
regardless of the number of cycles. The duration of
the pulses exerted an effect on the fragmentation
of amyloid fibrils. This suggests that different pulse
durations may cause changes in the fragmentation
of fibrils. Consequently, this study aimed to
investigate the effect of different pulse durations
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(1,3 and 5 seconds on/off) on the fragmentation of
fibrils. According to TEM images, the findings show
that the on/off pulses increasing from 1 second to 3
and 5 seconds, regardless of the number of pulses
(20-40 and 60 repetitions), decreased the lengths
of fibrils. The working principle of sonication is to
create acoustic cavitation and create intense zones
of shear with extreme pressure and heat. While it
has been stated that AB formation can be triggered
in these regions at ambient temperatures [44],
another study has also reported that accumulation
increases with temperature at below the thermal
denaturation point (60 °C) in sonication-induced
aggregation and then decreases when the
temperature is further increased [21]. In our study,
experiments were conducted at RT and in different
ice environments. It was observed that fibrils broke
in all environments during sonication. The average
fibril length showed a proportional decrease
in accordance with the decrease in ambient
temperature. According to our findings, decreasing
the temperature and extending the on/off time
increase the breaking success of Ap fibrils.

The use of in vitro assays is important for drug
screening because it reduces the use of animals and
provides advantages in initial risk screening [47].
Analyses are possible with various cells in which
AB accumulation can be observed in precursor
or mature form [48,49]. Besides, these fibrils were
observed in both intracellular and extracellular
areas of SH-SY5Y cells and resulted in a time-
dependent increase in total A aggregation.

An immunofluorescence analysis of total amyloid
density showed that lyophilized human peptide
A4, fibrils were formed by SH-SY5Y cells after 24
and 48 hours of incubation. When reviewing the
literature, it has been seen that in similar studies on
drugtargetsin AD models created with the same cell
group, the incubation period is generally applied as
24 and 48 hours [36,50-52]. Following this, in these
studies intra and extracellular AB,., accumulation
was visualized by immunofluorescence. Our results
successfully established the pathological image
of fragmented fibrils in both spaces produced
by different sonication procedures following
incubations.

We propose that the sonication methods and the
variable parameters utilized in this study may
serve as an optimization framework to enhance
the diversity of methodologies in the literature for
developing AD models. Furthermore, we anticipate
that this model, designed for drug targeting

applications, will provide a valuable contribution to
the existing body of knowledge.

Strengths

Our study provides a comprehensive examination
of the sonication parameters that can be used to
generate fragmented fAf,4, for the creation of
an AD cell model. It presents, for the first time, a
comparison between probe and ultrasonic bath
sonication methods and investigates the impact of
different parameters in probe sonication. Moreover,
our study makes a significant contribution to the
development of a reproducible and cost-effective
sonication protocol for fAB,, under diverse
laboratory conditions.

Limitations

Althoughthedurations of ultrasonicbath sonication
varied in previous studies [23,27], we selected
a single duration based on our specifications
of ultrasonic bath sonicator. Additionally, while
different forms of AP,.,, are generated under
varying incubation times, this study specifically
focused on the sonication of AR, fibrils under
a single incubation time, however, different
incubation durations could potentially affect the
fibril structure [24,25,53].
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