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Introduction 
In the United States alone, Alzheimer’s disease is the 6th leading cause of death, and 1 in 

3 people over the age of 65 dies with the disease (Alzheimer’s Association, 2019). Alzheimer’s 
disease, or AD, is characterized by a progressive decline in cognitive function (Murphy et al, 
2010), which negatively affects a person in many ways. In Alzheimer’s, extracellular Amyloid 
Beta plaques build up in the brain, which are derived from the cleavage of amyloid precursor 
protein (Lawrence et al, 2019).  

Lysosomes are a type of cellular organelle that breaks down cellular waste (Funderburk 
et al, 2010). They can break down DNA, RNA, proteins, lipids and polysaccharides due to 
containing around fifty different degradative enzymes (Cooper et al, 2016). Lysosomes can take 
up material from outside the cell by endocytosis, and material from inside the cell by autophagy 
(Xu et al, 2015; Cooper et al, 2016). These cellular organelles are the final destination for many 
processes to break down or digest unwanted material (Funderburk, 2010). Lysosomal 
functioning within neurons may play a role in Alzheimer’s disease, which makes them especially 
important to study. Lysosomes are linked to neuronal degeneration, which may be causes by the 
inactivation or malfunctioning of lysosomes (Lawrence et al, 2019). It is possible that Amyloid 
Beta reduces lysosomal activity (Funderburk, 2010). Neurons are very reliant on lysosomes 
functioning correctly to be able to survive. Lysosomal problems and inactivation can play a role 
in driving cancer, neurodegeneration, and age-related diseases, including AD (Lawrence et al, 
2019). A previous study found that altered lysosomal functioning contributed to increased 
neurodegeneration and an accumulation of Amyloid Beta (Nixon et al, 2000).  

Lysosomes often appear spherical in shape but can also assume other shapes depending 
on the ingested material or intracellular forces (Swanson et al, 1987). In a previous study, tubular 
lysosomes were found to rely on the integrity of microtubules to maintain their shape. When the 
lysosomes within cultured human monocytes were treated with phorbol myristate acetate, the 
microtubules disassembled and caused the fragmentation of tubular lysosomes (Swanson et al, 
1987). The fragmented tubular lysosome pieces in turn became smaller, spherical lysosomes.  

In the current preliminary study, Gallus gallus embryos were used as a model system for 
the effects of Alzheimer’s disease on lysosomal shape in embryonic sympathetic neurons. The 
chick embryo is very versatile in experiments and can model human development to aid in 
research of various diseases (Stern, 2005). To model Alzheimer’s disease in the current study, 
Amyloid Beta protein fragment 25-35 was applied to Gallus gallus embryonic sympathetic 
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neurons. After 24-48 hours, Amyloid Beta was removed, and lysosomes were labeled with 
LysoTracker. The full-length Amyloid Beta protein is 40-42 peptides long. The 25-35 fragment 
was chosen because it is the shortest fragment capable of retaining the same toxic effects as the 
full-length Amyloid Beta 1-40/42 (Naldi et al, 2012). Based on previous research, it was 
hypothesized in the current study that Amyloid Beta protein fragment 25-35 causes neuronal 
tubular lysosomes to fragment, therefor producing more spherical lysosomes than tubular 
lysosomes in the sympathetic neurons.  
 

Materials and Methods  
Materials 
-Amyloid Beta Protein Fragment 25-35, Sigma Chemical Company, Cat No. A4559 – 1MG  
-Amyloid Beta Protein Fragment 25-35, Sigma Chemical Company, Cat No. A4559 – 250ug  
-LysoTracker Green DND-26, Cell Signaling, Cat No. 8783 – 10x50ul 
-Nikon Eclipse E200 Phase Contrast Compound at 40x magnification and Koehler Illumination, 
SPOT InSight Firewire 2, the SPOT program version 5.2, and Image J Version 1.52r 26 on a 
Macintosh computer “Scorpio” OS 10.13.6, along with Chiu Technical Cooperation Mercury 
bulb 100w for fluorescence in the ICUC of Wheaton College, MA 
 
Other materials:  

• Nerve Growth Factor 
• Coverslips 
• Petri dishes 
• Forceps 
• Ethyl alcohol (for disinfecting) 
• HBSS 
• Poly -K 
• Laminin 
• Pasteur pipettes 
• Incubator at 37C 
• Hood 
• Rubber gloves 
• Chick embryos 
• Kim wipes - KimTech 
• DMSO 
• Aluminum Foil 
• Goggles for eye protection 

 
Coverslip Preparation, Dissections, and Cell Culturing 

Dr. Morris performed dissections of 10-day-old Gallus gallus embryos (Morris, 2019). 
The dissections yielded dorsal root ganglia and sympathetic nerve chains that were used as a 
primary culture, becoming sympathetic neurons and ganglia. These cells were plated and grown 
for at least 24 hours in petri dishes and growth medium before being used in the current study. 
Cell cultures were plated at single cell low density for the current study, on 22x22mm coverslips 
that were previously treated with 100% ethanol, along with poly-lysine and laminin.  
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Stock Solutions, Working Solutions, and Exposure. 
All treatments and labeling were done in collaboration with Olivia Rockvam and Dr. Morris 
(2019). 
 
Experimental Condition – Amyloid Beta Protein Fragment 25-35 
 The experimental condition involved treatment of the cells with Amyloid Beta protein 
fragment 25-35 in the growth medium of the petri dishes with the cells. The stock solution of 
Amyloid Beta protein fragment 25-35 was created by adding 377ug of DMSO to 1mg of the 
Amyloid Beta protein fragment 25-35 powder purchased from Sigma to achieve a final stock 
solution concentration of 25uM. The final concentration of 25uM was used because it was shown 
to create the neurotoxic affects without killing the cells (Lattanzio et al, 2016). 

The working solution was created using growth medium and Amyloid Beta. First, 0.5ml 
of growth medium was put in a vial. Next, 80ul of AB 25-35 was added to the vial. This yielded 
the concentration of 100uM, which was 4x the desired final concentration. To apply to the cells, 
first all growth medium was removed. Next, 1.5ml of growth medium was added back in the 
petri dish. Then, 4x the final concentration, or 100uM, at a volume of .5ml was added into the 
petri dish. The petri dish had a final volume of 2ml and final concentration of 25uM because of 
the dilution. Cells were then exposed to Amyloid Beta 25-35 for at least 24 hours in an incubator 
at 37oC.  

 
Carrier Control Condition – DMSO 
 The control condition involved a DMSO solution in growth medium. The working 
solution was made by using a 10ul of DMSO per 1ml of growth medium. For one petri dish, 20ul 
of DMSO was added to 2ml of growth medium. To apply the carrier control, first, the growth 
medium was removed from the petri dish. Next, 2ml of carrier control working solution was 
added to the petri dish, slowly around the edges. The petri dish was then placed in the incubator 
at 37oC for at least 24 hours. 
 
LysoTracker Dye for Labeling Lysosomes 
 LysoTracker came in 50ul vials of stock solution from Cell Signaling. To make 
LysoTracker working solution for one petri dish, 1ul of LysoTracker was diluted in 1ml of 
HBSS, keeping the LysoTracker out of the light, to get a 1:1000 dilution (ThermoFisher 
Scientific, 2019). A lower concentration did not dye the lysosomes bright enough to be analyzed 
for the current study. LysoTracker working solution had be used the same day as it is made up 
for the best possible labeling and to limit bleaching.   
 
Amyloid Beta Exposure and LysoTracker Labeling 

Cells were exposed to Amyloid Beta 25-35 between 24 and 48 hours. The protein 
fragment 25-35 was selected because it was shown to induce similar neurotoxic effects that are 
seen in Alzheimer’s (Lattanzio et al, 2016; Fan et al, 2016). Following the time period, growth 
medium and solutions were removed from the petri dishes, and then exchanged with 1ml of fresh 
growth medium. Keeping the LysoTracker out of the light, 1ml of LysoTracker working solution 
was added to the petri dish. Then, the petri dish was placed back in the incubator at 37oC for 8 
minutes. After the 8 minutes, LysoTracker was removed from the petri dish and cells were 
washed three times with HBSS that had been warmed in a bath at 37oC. Each wash consisted of 
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2ml of HBSS. During one wash, the previous medium was removed and then 2ml of warm 
HBSS was dripped into the petri dish around the edges to prevent cell damage or death. After the 
3 washes, 1 ml of growth medium was added back into the petri dish to prevent the cells from 
drying out while we prepared for coverslip mounting.   
 
Preparing a Chip Chamber 
 A blank glass slide was laid on a tabletop. Previously broken tiny pieces of glass were 
picked up with forceps, then laid on top of the glass slide in a square resembling the 22x22mm 
glass coverslip. Approximately 8 pieces of glass were used to make the square formation. Next, 
1ml of growth medium was pipetted from the sides out of the petri dish. A drop of the removed 
growth medium was placed in the center of the glass pieces. Using the forceps, the coverslip 
inside the petri dish was removed by its edges. The bottom of the coverslip, the side with no 
cells, was laid flat on a Kim Wipe to get as much liquid off the bottom as possible. Next, the 
coverslip was picked back up with forceps on the edges, and flipped over, so the side with cells 
was facing downward. The coverslip was then placed cell-side down on top of the glass pieces, 
lining up the edges with the pieces. A small drop of liquid was placed under the coverslip with a 
pipette to remove any air between the coverslip and glass slide. Warm liquid wax was painted 
around the edges of the coverslip with a small paint brush to seal it shut.  
 
Data Collection and Analysis  

Cells were imaged on a coverslip. Still frame images of the sympathetic neurons were 
taken with a Nikon Eclipse E200 camera at 40x magnification, in conjunction with SPOT 
program on a Macintosh computer using fluorescence microscopy and live-cell imaging. 
Fluorescence images were collected using an exposure time of 5 seconds. Transmitted and 
fluorescence images were captured and then superimposed on ImageJ program version 1.52r 26. 
Fluorescent images were then analyzed. Data are derived from measurements of the shape of 
lysosomes within Gallus gallus embryonic sympathetic neurons.  

Lysosomes were defined in this study as any fluorescent object that had boundaries that 
changed 40 units in brightness over 15 pixels of distance in the Image J program. To be included 
in the analysis, the lysosome had to have a difference in brightness of 40 units or more from its 
background. When a fluorescent object changed more gradually at less than 40 units of 
brightness over 15 pixels in distance, it was excluded from the analysis. Lysosomes were also 
characterized by shape using the dimension of length by width. A more spherical lysosome had 
similar lengths and widths, but a tubular lysosome had much longer lengths than widths. If the 
ratio of length to width was more than 1.2:1 pixels, it was classified as non-spherical. To find 
lengths, widths, and brightness, the “Straight Line” button was pressed. The line was then drawn 
on top of the image by clicking and dragging the mouse for the desired distance. The line length 
in pixels and the brightness was found by “Analyze” à “Measure” or “Control” à “M”. 

There were 10 experimental images analyzed and 5 control images analyzed. Some 
images were not used in this study because they were too dim. In each captured fluorescent 
image, the number of spherical and tubular lysosomes were counted, along with the total number 
of neurons per image in each condition. The total number of non-spherical and spherical 
lysosomes in the condition were then divided by the number of cells in the condition. In this 
study, the experimental condition had 87 spherical lysosomes, 15 tubular lysosomes, and there 
were 10 neurons total. The number of lysosomes were each divided by the number of neurons. In 
the experimental condition, 87 was divided by 10 and 15 by 10 to get the average number of 
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spherical and tubular lysosomes per neuron. In the control condition, there were 59 spherical and 
2 tubular lysosomes. Each number was divided by the total of 7 neurons. A bar graph was then 
made to compare number of spherical lysosomes and tubular lysosomes in the experimental 
condition and control condition. 

 

Results 
Differences in lysosomal shapes were observed in one experimental coverslip and one 

control coverslip. The two coverslips yielded 10 experimental images with 10 neurons analyzed, 
and 5 control images with 7 neurons analyzed. Some images were not used in this study because 
they were too dim. The captured images demonstrated a difference in the lysosomal shape 
between the experimental and control conditions. Testing statistical significance was beyond the 
scope of the study.  

In the image of the experimental condition (Figure 2), the neuron contains multiple 
tubular lysosomes and spherical lysosomes, as compared to the image of the control condition 
(Figure 1), that only contains spherical lysosomes. This represents the result that the 
experimental condition had about five times as many tubular lysosomes as the control condition. 
The average number of spherical lysosomes per neuron were very similar, and close to being 
identical. The experimental condition had on average 0.28 more spherical lysosomes than the 
control conditon. There were 5.8 times the number of spherical lysosomes as there were tubular 
lysosomes in the control condition (Figure 2), and about 29 times the number of spherical 
lysosomes as there were tubular lysosomes in the control condition. The control condition 
(Figure 1) and experimental condition (Figure 2) had different distributions of lysosomes within 
the neuron. Th control condition (Figure 1) had more space between lysosomes than the 
experimental condition, where individual lysosomes are touching or almost touching (Figure 2). 
The average number of total lysosomes per neuron was 10.2 in the experimental condition, and 
8.7 in the control condition. 
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Figure 1. Lysosomal activity in Gallus gallus embryonic sympathetic neurons treated with 
DMSO Carrier Control.  The images are superimposed, with the transmitted image on the left, 
next to the fluorescent image on the right showing lysosomes depicted by green LysoTracker 
dye. The white arrow is pointing to an example of a lysosome that is spherical in shape. In Figure 
1, notice the white arrow pointing to an example of a spherical lysosome. As in many of the 
images collected in this study, it should be noted that the neuron in this image sits on top of a 
glial cell. Reader should note the dimension of each image is 477 x 365 pixels. Images generated 
in collaboration with Olivia Rockvam (2019). 
 
 
 

 
 
Figure 2. Lysosomal activity in Gallus gallus embryonic sympathetic neurons treated with 
25mM Amyloid Beta Protein Fragment 25-35. The images are superimposed, with the 
transmitted image on the left, next to the fluorescent image on the right showing lysosomes 
depicted by green LysoTracker dye. The white arrow is pointing to an example of a lysosome 
that is not spherical in shape. In the fluorescent image in Figure 2, notice the white arrow 
pointing to a non-spherical lysosome, that appears tubular in shape. It should be noted that the 
neuron in this image sits on top of a glial cell. Reader should note the dimension of each image is 
477 x 365 pixels. Images generated in collaboration with Olivia Rockvam (2019). 
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Figure 3: Average Number of Spherical and Tubular Lysomes in each condition. Notice 
how similar the average numbers of spherical lysosomes per neuron are, but how different the 
average number of tubular lysosomes per neuron are. Also, notice the experimental condition has 
on average more spherical and tubular lysomes than the control condition.  
 

Discussion 
Based on previous research, it was hypothesized in the current study that Amyloid Beta 

protein fragment 25-35 causes neuronal tubular lysosomes to fragment, therefor producing more 
spherical lysosomes than tubular lysosomes in the sympathetic neurons. The data collected both 
support and refute aspects of the hypothesis.  

The results from the current study suggest that Amyloid Beta may influence lysosomal 
shape. While the experimental condition had on average more spherical lysosomes per neuron, it 
also had more tubular lysosomes per neuron than the control condition. In both the control and 
experimental conditions, there were far more spherical lysosomes on average than tubular, 
however there were five times as many tubular lysosomes on average in the experimental 
condition than the control condition. Previous research suggested that tubular lysosomes 
fragment when microtubules disassemble and the fragments become spherical, which could be 
represented in this study through the experimental condition which had more spherical 
lysosomes than the control (Swanson et al, 1987). With the addition of Amyloid Beta, 
microtubules may have disassembled, causing tubular lysosomes to fragment, therefor creating 
more spherical lysosomes than in the control condition. However, if this were the case, it would 
be expected that the control condition would have on average more tubular lysosomes than the 
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experimental condition because of the absence of Amyloid Beta disassembling microtubules, 
which is not what the results of this study suggest. 

Instead, it is possible another factor may play a role. A possible explanation for more 
tubular lysosomes in the experimental condition is the type of material the lysosomes are taking 
up. Typically, lysosomes are dense spherical vacuoles, but they can have great variation in size 
and shape depending on the types of materials that they take up (Cooper et al, 2016). Because of 
the Amyloid Beta, it is possible more spherical lysosomes may have become tubular due to the 
material they took up. Changes in lysosomal shape and distribution throughout the cell correlates 
with changes in cytoplasmic pH (Heuser, 1989). The current study may support this study 
because in the experimental condition of the current study, there were more tubular lysosomes, 
which could be a result of the change in cytoplasmic pH possibly from Amyloid Beta. Also, 
distribution of lysosomes between the two conditions appeared to be different. The experimental 
condition appeared to be more dense in lysosomes within the same area of the neuron, while in 
the control condition, lysosomes appeared more scattered and not as clumped together. The 
distribution may play a role in the ability of lysosomes to break down unwanted material. 
Dysfunction of lysosomes due to microfilament disassembly can have toxic effects on the cell 
(Stern et al, 2012), which could in turn be a part of the neurotoxic affect Amyloid Beta has on 
neurons as a whole.   
          This study was limited by the amount of data collected. Images from each condition came 
from only one slide of a cell culture, for a total of only two slides. A source of variability in the 
current study was that most neurons were on top of glial cells. 
          For future studies, Amyloid Beta protein fragment 25-35 should be experimented at 
different dosages for different periods of time. Comparing different protein fragments and using 
Amyloid Beta reverse protein fragment 35-25 should also be implemented. To note for future 
studies, about two-thirds of people with Alzheimer’s disease are women (Alzheimer’s 
Association, 2019). This phenomenon should be researched to find the reason why it affects 
more women than men. This could be done by using a mammal model system or specifically 
human neurons. By using a mammal model system or human neurons, sex determination could 
be used to compare differences in structures and physiology between male and female neurons.  
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