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Introduction:
Alzhiemer’s disease is currently considered the most common form of

neurodegenerative dementia in the United States (Lopez et al., 2019). Alzhiemer’s
disease, or AD, is characterized as the onset and course of cognitive and functional
decline associated with age and a particular characteristic neuropathology (Lopez et al.,
2019). Pathologically, Alzhiemer’s disease is marked by the accumulation of
extracellular amyloid-beta (Aβ) plaques followed by the formation of intracellular
neurofibrillary tangles (NFTs) (Huber et al., 2017). The accumulation of these
amyloid-beta plaques interfere with normal cell function by disrupting synaptic signaling
at neural junctions, which in turn leads to neuronal damage such as diminished brain
mass and cognitive impairment (Huber et al., 2017).

Lysosomes are membrane bounded organelles that contain enzymes that can
break down many biological macromolecules such as protein, lipids, nucleic acids and
polysaccharides (Bonam et al., 2019). Most commonly, lysosomes are known for their
ability to degrade and recycle extracellular material via endocytosis and phagocytosis
(Settembre et al., 2013). An alteration in any of these lysosomal functions can result in
detrimental effects such as neurotoxicity, dysregulation of cell signaling, inflammation
and cell death (Bonam et al., 2019). Alterations and dysfunctions in lysosomal activity
have been linked to neuronal degenerative diseases such as Alzheimer's Disease
(Bonam et al., 2019). Lysosomal dysfunction has been observed in patients with
Alzhiemer’s disease, and accumulation of the amyloid-beta fragment in neuronal cells
was shown to lead to lysosomal membrane alterations, which cause neuronal cell death
(Zhang et al., 2019). Due to the fact that lysosomes are responsible for breaking down
macromolecules, lysosomal activity may be affected when amyloid-beta is applied to
cells. Previous studies observed lysosomal activity through fluorescence microscopy
using the LysoTracker ® Green DND-26 dye (Hill, 2019). The current study takes this
same approach.



In the current study, neurons from Gallus gallus embryos were used to test the
effects of amyloid-beta on lysosomal activity in embryonic sympathetic neurons. Gallus
gallus embryos are a commonly used model system when studying developmental
processes due to their being easy to access, and their early developmental processes
being similar to those of humans (Mok et al., 2015). In the current study we exposed
Gallus gallus sympathetic sensory neurons to the chronic treatment with the
amyloid-beta Protein Fragment 25-35 extracellularly to determine its effect on lysosomal
activity relating to Alzheimer's disease.

Based on previous research ____, it was hypothesized that a chronic exposure
of extracellular amyloid-beta to sympathetic Gallus gallus neurons would induce a
decrease in lysosomal activity due to amyloid-beta altering lysosomal activity within
cells.

Materials and Methods:
Materials
Amyloid β-Protein Fragment 25-35, Cat No. A4559-1 MG purchased from Sigma.
Amyloid β-Protein Fragment 35- 25, Cat No. A2201-250 UG purchased from Sigma.
Lysotracker ® Green DND-26 Cat No. 8783 purchased from Cell Signaling Technology.
Nikon Eclipse E200 at 40x magnification, SPOT InSight Firewire, SPOT program
version 5.2, on a MacIntosh Desktop (macOS Version 10.13.6)-Scorpio in the ICUC
Image J Version 1.52a on a MacIntosh Desktop Computer, were all utilized in the
current study.
Primary culture of chick embryonic peripheral neurons

Ten-day old domesticated chicken, Gallus gallus, embryos were dissected to
harvest dorsal root ganglia and sympathetic nerve chains. Dissection was performed as
per “Neurobiology Bio324 primary culture of chick embryonic peripheral neurons 1:
Dissection” (Morris, 2022) The collected nerve tissue was then plated onto sterile
22x22mm coverslips placed in 35mm petri dishes that contained 2mL of growth medium
each. Plates were placed in the incubator at 37 degrees celsius for 48 hours before
exposure to 25-35 amyloid-beta experimental and 35-25 amyloid-beta control.

Stock solutions, Working Solutions and Exposure
Control Condition-Amyloid Beta Protein Fragment 35-25

The control condition consisted of treatment of cells with the amyloid-beta protein
fragment 35-25 in the growth medium. The stock solution of the control amyloid-beta
fragment was created by adding 100 uL of DMSO to the 250 ug of the amyloid-beta
fragment 35-25 powder acquired from Sigma Aldrich to construct a final stock solution
of 2.5 M. The final concentration of 2.5 M was used at a 1:1000 dilution in order to
create the working solutions that were applied to cells.



The working solution for the control was created using growth medium and
amyloid-beta stock solutions. Into the control tube was placed 4mL of growth medium
and 4 uL of 35-25 amyloid-beta (1:1000 dilution). To apply the solution to cells, the
growth medium was quickly and gently removed from the cells. Then, a working solution
was immediately added to cells using a pasteur pipette to achieve a 1:1000 dilution.
Then, 1000x the final concentration, or 2.5 M, at the volume of 2 uL was put into each
petri dish. The final volume of each petri dish was 2 mL and a final concentration of
2.5mM due to the dilution. Then, to achieve a “chronic exposure” state for 21 days the
cells were exposed to the amyloid-beta Protein Fragment 35-25 in the incubator at
37°C. ___

Experimental Condition- Amyloid Beta Protein Fragment 25-35
The experimental condition consisted of treatment of cells with the amyloid-beta

protein fragment 25-35 in the growth medium. The stock solution of the experimental
amyloid-beta fragment was created by adding 400 uL of DMSO to the 1 mg of the
amyloid-beta fragment 25-35 powder acquired from Sigma to construct a final stock
solution of 2.5 M. The final concentration of 2.5 M was used to establish the 1:1000
dilution.

The working solution was created using growth medium and amyloid-beta. Two
separate tubes were involved; one for the control condition and the other for the
experimental condition. Each tube consisted of 4mL of growth medium and 4 uL of
25-35 amyloid-beta (1:1000 dilution). Before being distributed into the petri dishes, the
Growth Medium was quickly and gently removed from the cells. Then, in each dish 2 mL
of growth medium and 2 uL of 25-35 were added using a pasteur pipette (1:1000
dilution). Then, 1000x the final concentration, or 2.5 M, at the volume of 2 uL was put
into each petri dish. The final volume of each petri dish was 2 mL and a final
concentration of .0025 M due to the dilution. Then, for 21 days the cells were exposed
to the amyloid-beta Protein Fragment 25-35 in the incubator at 37°C.

LysoTracker ® Solution
LysoTracker Green DND-26 came in a 50ul vial of stock solution from Cell

Signaling Technology. One frozen vial was thawed and was used to make working
solutions weekly for the four weeks of LysoTracker experiments. In order to create a
working solution for each petri dish, 1.3 uL of LysoTracker was diluted into 1.3 mL of
Hank’s Balanced Salt Solution (HBSS) to achieve a 1:1000 dilution. During this
procedure, the LysoTracker was kept out of the light by wrapping each tube containing
LysoTracker with aluminum foil.

LysoTracker Labeling



After the chronic 21 days of amyloid-beta exposure was complete, 1.3 uL of
LysoTracker was combined with 1.3mL of HBSS to create the LysoTracker solution. All
of the growth medium from the petri dishes was removed and the LysoTracker solution
was then applied immediately to the petri dish. After the LysoTracker was applied the
dish was placed in the incubator for 8 minutes. During this time the dish was placed on
a black foam board with tin foil on top to prevent light from hitting the dish. The board
with the dishes was placed in an incubator at 34-35 degrees celsius for 8 minutes
(Mercedes, 2017). After the 8 minutes incubation period was completed the
LysoTracker solution was removed from the peri dish and the cells were washed four
times with 2-4 mLs of room temperature HBSS. Each wash was approximately 30
seconds. Liquid was removed from around the perimeter of the coverslip to avoid
removal or damage of any of the cells. After the cell washing was performed, 2 mL of
fresh growth medium with no amyloid-beta was added to each of the dishes to prepare
for coverslip mounting.

Preparing a Chip Chamber
Chip chambers were prepared as described by Morris (2022).  Place broken

pieces of coverslip onto the slide in the shape of a square with sanitized forceps. A drop
of growth medium from the culture was pipetted onto the center of the coverslip chips
that were recently placed into the shape of a square. Next,the coverslip inside of the
petri dish was then taken out using previously sterilized forceps and flipped over so that
the side with the cells was face down on the coverslip. Air bubbles were excluded from
under the coverslip as much as possible. Then, warm VALAP was painted onto the
edges of the coverslip to ensure that the coverslip was sealed shut.

Data collection and analysis
Fluorescence imaging and SPOT

All of the imaging was performed in the Imaging Center for Undergraduate
Collaboration (ICUC) in Wheaton College, Norton, Massachusetts. All of the images
were taken on a Mac computer running MacOS 10.13.6 running SPOT 5.2 using an
Insight Firewire SPOT camera mounted by a 1.0x C camera mount on a Nikon Eclipse
E200. All images were taken using the 40x objective lens with phase 2 DL. Before
imaging took place the microscope was aligned for Kohler illumination. The view-field
was adjusted to include a region that contained axons at the 40x magnification. This
transmitted region was then captured in an image. After the transmitted image was
captured the exposure settings were changed from the original “brightfield” to
“flour_green” and the exposure time was set to 1000ms. These were found under the
settings menu of the SPOT Basic (Version 5.2) software. To then capture a fluorescence
image the light source had to be covered and the dial setting on the neck of the
microscope was changed from one to three to match the green fluorescence setting.



The shutter was then opened for three seconds allowing the image to fully expose and it
to be captured. After the image was successfully captured on the computer the shutter
was quickly closed making sure that the slide was not exposed to the fluorescence light
for any longer than was needed. In addition to this the same area was imaged no more
than three times to avoid image bleached areas. (Morris, 2022)

Image J
Through the use of ImageJ Version 1.52a, the average background brightness of

the fluorescence image was measured using the measurement tool. This average
background brightness was then multiplied by two to get the threshold. This was done
to each image in order to make the analysis consistent for all of the images. When the
threshold was applied to the image, the pixels that were visible in black were above the
calculated threshold brightness. All of the pixels that were below the threshold were not
counted and appear white in Fig. 1. The polygonal lasso tool was then used to select
the desired pixels that were included in the final count, as described below. A histogram
was produced from the selected area, quantifying the number of pixels that represent
the lysosomal area in the image. The number of pixels that the histogram revealed is
directly correlated to lysosomal activity.

Figure 1. Fluorescence pixels over calculated threshold exported from
Image J. The pixels that are present in these images are over the threshold. The
pixels are related to the lysosome activity within the defined cells. The image on
the left is 25-35 amyloid-beta experimental which had a calculated threshold
value of 54 and the right image is 35-25 amyloid-beta control which had a
calculated threshold value of 110.

Cell definitions and defining characteristics of images



The definition of a cell that was used to determine what was a cell and what was
background was determined by a phase halo around cells, phase dense puncta, and
granular textures. The background on the other hand was defined as an area of even
illumination without phase halos, phase dense puncta, and texture.

Figure 2. Encapsulating cellular regions in experimental cells of the transmitted
image. Within Image J the polygonal lasso tool and the measurement tool were used to
calculate the number of pixels within the designated cell area.



Figure 3. Encapsulating cellular regions in control cells of the transmitted image.
Within Image J the polygonal lasso tool and the measurement tool were used to
calculate the number of pixels within the designated cell area.

Results:
The transmitted light images were used to identify all areas that contained cells

with lysosomes, and then the fluorescence images were used to get ___ data. From
these fluorescence images there were noticeably brighter fluorescences cells within the
chronic 35-25 amyloid-beta control condition (Fig. 4) when compared to the chronic
25-35 amyloid-beta experimental condition (Fig. 5). Then with the use of Image J, each
pixel over the set threshold was counted. This final number of pixels is directly related to
the lysosome activity within the defined cells. Also through the use of Image J the
number of pixels in the designated cell area was calculated. With these two numbers
the percentage of fluorescence pixels in the cell was calculated and expressed in a bar
graph (Fig. 6).

It is also apparent that lysosomes possess different levels of brightness. The
fluorescence intensity is represented in a range based on the lysosomal activity within
cells. With that being said, the lysosomes have different lysosomal activity and for our
quationatition we tested the lysosomes over a calculated threshold based on the



average background brightness. This calculated threshold allowed for the lysosomes at
all brightness levels to either be above the threshold (present) or be below the
thresholded (not present).

Figure 4. Lysosomal activity as revealed by LysoTracker fluorescence in
sympathetic sensory neurons chronically treated with 35-25 amyloid-beta
control. Both images were captured at the 40X magnification under Phase 2.
The transmitted image of 35-25 amyloid-beta control on the left shows the
abundance of cells. The corresponding fluorescence image of 35-25
amyloid-beta control on the right shows the lysosomal activity labeled with
LysoTracker.

Figure 5. Lysosomal activity in sympathetic sensory neurons from Gallus gallus
cells chronically treated with 25-35 amyloid-beta experimental. Both images
were captured at the 40X magnification under Phase 2. The transmitted image of
25-35 amyloid-beta experimental on the left shows the abundance of cells. The



corresponding fluorescence image of 25-35 amyloid-beta experimental on the
right shows the lysosomal activity labeled with LysoTracker.

Figure 6. Percent of cells area (pixels) that contain lysosomal activity. The
chronic control cells were exposed to 35-25 amyloid-beta for 21 days, and the
chronic experimental cells were exposed to 25-35 amyloid-beta for 21 days.
These exposures resulted in the number of pixels that were present over the
threshold related to lysosomal activity. Data in the chronic exposure from control
conditions were derived from transmitted and fluorescence image pairs that
represent approximately 32 cells. And data in the chronic exposure from
experimental conditions were derived from transmitted and fluorescence image
pairs that represent approximately 54 cells.

Discussion and conclusion:
From these data __, we can conclude that the cells that were treated with 25-35

amyloid-beta peptides had a higher lysosomal activity. Thus, the hypothesis that a
chronic exposure of extracellular amyloid-beta to sympathetic Neurons would induce a
decrease in lysosomal activity due to amyloid-beta altering lysosomal activity within
cells, was refuted. Extracellular amyloid-beta does not decrease lysosomal activity.
Instead, the 35-25 amyloid-beta chronic control showed a decrease of lysosomal activity
above the calculated threshold and within the defined cell area.

Few studies have investigated extracellular amyloid-beta treatment over a 21 day
exposure. Previous research by Mercedes (2017) looked at effects of amyloid-beta on



autophagy in peripheral glial cells as measured by lysosomal activity. In this experiment
it was concluded that there was a higher amount of autophagy detected in glial cells that
were exposed to the active extracellular 25-35 amyloid-beta. They were also able to
conclude that the cells that were exposed to the 25-35 amyloid-beta had an increased
lysosomal activity compared to the cells that were exposed to the 35-25 amyloid-beta.
(Mercedes, 2017) Trying to connect our experiment to the one performed by Mercedes
in 2017 is a stretch, there are more differences than similarities between the two.

If this experiment had a larger sample size and the same results were produced
1,000 times, we would be able to conclude that extracellular amyloid-beta does have an
effect on the lysosomal activity within defined cells, and possibly increase it. This result
might be explained by the fact that amyloid-beta fragment 25-35 is only a fragment,
instead of the whole amyloid-beta plaque that is found in patients that have Alzheimer’s.
The fragment is meant to simulate the effects of the whole plaque but it is not the same
thing and in the end has different effects.

One of the potential limitations of this experiment is the low sample size. If this
experiment were to be repeated and refined, clear images could be taken for each
condition to quantify, so that statistical analysis could be applied and  the results might
be more conclusive.

This study can definitely be furthered under different conditions to obtain more
information on the pathology of amyloid-beta in Alzheimer’s Disease. Several studies
demonstrate intracellular autophagy contributing to the neurodegenerative disease as
well (Nilsson et al., 2013; Funderburk et al., 2010 ). Understanding this phenomena
would significantly affect future research regarding the mechanisms of amyloid-beta and
Alzheimer's Disease.
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