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Introduction 

Alzheimer’s disease, a neurodegenerative disease characterized by the disruption of 
cognitive functioning, affects more than 5.5 million people living in the United States (National 
Institute on Aging, 2019). On the cellular level, Alzheimer’s is marked by two key features: 
amyloid plaques and neurofibrillary tangles. Amyloid plaques are caused by a buildup of the 
amyloid-beta (Aβ) peptide, which originates from the Aβ precursor protein (APP) (Bali et al., 
2010).  

Previous studies have demonstrated that Aβ accumulates in the mitochondria of neurons 
as a result of Alzheimer’s. This buildup has been shown to induce neuronal stress and 
mitochondrial dysfunction, eventually causing cell death (Chen and Yan, 2010). Research 
investigating the molecular mechanisms of Aβ-induced cell death has identified molecules 
located on the surface of mitochondria that allow Aβ to bind. ABAD (Amyloid-beta alcohol 
dehydrogenase), also known as ERAB (Endoplasmic reticulum-associated amyloid beta peptide 
binding protein) is one of these target molecules (Lustbader et al., 2004; Yan et al., 1999; 
Takuma et al., 2005). Studies examining the cytotoxic effects of Aβ mediated by ABAD/ERAB 
revealed that this interaction results in mitochondrial dysfunction and cell death (Lustbader et al., 
2004). Further studies have revealed that targeted overexpression of ABAD/ERAB produces a 
reduction in ATP levels (Takuma et al., 2005). While the precise mechanism of binding has not 
been concluded, it has been established that in addition to Aβ binding, the enzyme must be fully 
functional in order to produce mitochondrial dysfunction and cell cytotoxicity (Oppermann et al., 
1999; Lustbader et al., 2004). In terms of the pathological role of this enzyme, research has 
shown that ABAD/ERAB is expressed at higher levels in neurons affected by Alzheimer’s 
Disease. While it has been speculated that this enzyme may play a role in homeostasis, it has 
been shown to have the capability to take on a different role in an Aβ-rich environment, 
accelerating cell toxicity and death (Lustbader et al., 2004; Yan et al., 1999; Takuma et al., 
2005).  

While many studies have investigated the effects of Aβ on mitochondrial activity, none 
have compared mitochondrial activity across substrates. Laminin/Poly-lysine and Matrigel are 
two commonly used tissue culture substrates that promote the attachment and growth of cells. 
While Laminin/Poly-lysine has been used in previous studies of Gallus gallus neurons (Morris 
and Hollenbeck, 1993), Matrigel is known to be used for human induced pluripotent stem cell 
culture. Research on the growth and differentiation of human embryonic stem cells has 
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demonstrated slightly greater neural expansion and neurite outgrowth on Laminin/Poly-lysine in 
comparision to Matrigel (Ma et al., 2008).  

In this study, the effect of prolonged Aβ exposure on mitochondrial activity was 
investigated in neurons harvested from embryos of domestic chickens: Gallus gallus. 
Experimental neurons were treated with Aβ 25-35 protein fragment, while control neruons were 
treated with the reverse peptide (Aβ 35-25), known to be inactive (Lustbader et al., 2004). A 
DMSO carrier control was also tested. Mitochondrial activity, quantified as mitochondrial 
brightness by means of fluorescence microscopy, was compared between these conditions as 
well as across two substrates: Laminin/Poly-lysine, and Matrigel. 

In the current study, it was hypothesized that neurons treated with Aβ 25-35 would 
exhibit less mitochondrial activity than neurons treated with Aβ 35-25 or the carrier control. 
Furthermore, it was hypothesized that cells growing on Matrigel would exhibit less 
mitochondrial activity than those on Laminin/Poly-lysine. This research was conducted in 
collaboration with Fiona Hart, Grace Hart, Ashley Hill, Maddy Morrison, Olivia Rockvam, and 
Redeit Mesfin Teklu.  
 
Methods 
Materials: All materials for this experiment were ordered from Sigma Aldrich. 1mg of Amyloid 
β-Protein Fragment 25-35, catalog number A4559, 250UG of Amyloid β-Protein Fragment 35-
25, catalog number A2201, and 25mg of Rhodamine 123, catalog number R8004, were 
purchased for use. Imaging was conducted on a Nikon Eclipse E200 upright microscope with an 
attached SPOT Insight FireWire 2 mega sample camera and associated SPOT Basic software.   
Primary Culture of Chick Embryonic Peripheral Neurons: Ten-day old chick embryos were 
dissected to harvest dorsal root ganglia and sympathetic nerve chains. All harvested nerve tissue 
was plated a 22x22mm coverslip placed in a 35mm petri dish with approximately 2ml of L-15 
growth medium. Each coverslip was carefully cleaned with ethanol and then treated with 
Laminin and Poly-lysine in 20 minute intervals prior to use. Dissections were preformed 
according to the procedure Primary Culture of Chick Embryonic Peripheral Neurons 1: 
DISSECTION by Robert L. Morris adapted from a procedure by Peter J. Hollenbeck.  
Preparation of Growth Medium: Neurons harvested from the dissections were grown in a 
modified Leibovitz L-15 medium, referred to as an F-plus medium. The Leibovitz L-15 medium 
was supplemented with 2mM glutamine, 0.6% glucose, 50ng/ml nerve growth factor, 10% fetal 
bovine serum, as well as a 100µg/ml penicillin/streptomycin solution to prevent contamination 
from gram-negative bacteria (Penicillin-Streptomycin P4333, n.d.).  
Treatment of cells: Stock solutions of Aβ 25-35 and Aβ 35-25 were created at a concentration of 
2.5mM. The Aβ 25-35 stock solution was created by adding 377µl of DMSO to 1mg of Aβ 25-
35. The Aβ 35-25 control stock solution was created by adding 94.25µl of DMSO to 250mg of 
Aβ 35-25. The carrier control (DMSO) stock solution was created by adding 10µl of DMSO to 
1ml of growth medium. All stock solutions were refrigerated throughout the duration of the 
study. For each condition, the working solutions were generated by adding 20µl of the stock 
solution to 0.5ml of growth medium, the final contents of which were directly applied to cells 
plated in 1.5ml of growth medium, creating a final concentration of 25µM. All treatments were 
incubated at 37° Celsius for 24-48 hours prior to imaging. These methods were generated in 
collaboration with Fiona Hart, Grace Hart, Ashley Hill, Maddy Morrison, Olivia Rockvam, and 
Redeit Mesfin Teklu.  
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Rhodamine 123: A 1 µg/ml working solution of Rhodamine 123 was generated by adding 10 µl 
of an existing 100 µg /ml stock solution to 2 ml of growth medium. Cells were treated directly 
with 1ml of the 1 µg/ml working solution. Following the application of the fluorescence dye to 
the cells, cell plates were incubated at 37° Celsius for 15 minutes. Cells were then rinsed three 
times with Hank’s balanced salt solution (HBSS), with an incubation period of 5 minutes at 37° 
Celsius between washes. Stock solutions and working solution were carefully monitored for 
bleaching through minimization of light exposure. These methods were generated in 
collaboration with Erika Fitzpatrick and Emma Paolella.  
Chip chamber: Chip chambers were created for each condition for imaging purposes. 
Approximately 4-8 coverslip chips were arranged in a square roughly the size of a coverslip on 
the surface of a cleaned slide, with one drop of growth medium placed in the center. Using a 
Pasteur pipette, roughly three quarters of the growth medium was removed from the dish 
containing the cells of interest. Forceps were used to carefully remove the coverslip from the 
dish and the back side of the coverslip was dried using a Kimwipe. The coverslip was then 
placed cell side down on the drop of growth medium located on the slide. Growth medium was 
added, using a Pasteur pipette, or removed, using a Kimwipe, from the slide as needed. All four 
sides of the coverslip were sealed with VALAP, and the top surface of the coverslip was rinsed 
with RO water and dried before imaging.  
Fluorescence imaging: A temperature of 37° Celsius was maintained throughout imaging by 
positioning a heater next to the microscope and monitoring the temperature on the stage of the 
microscope using a temperature probe. Prior to imaging, the microscope was aligned for Kohler 
illumination. The view-field was then adjusted to include a region of the sample containing 
axons at 40X magnification. Making the image visible on the Apple Macintosh (macOS Version 
10.13.6) desktop computer, optimal focus was ensured, and one transmission image was 
captured. After the preliminary image was captured, exposure settings were changed from 
“brightfield” to “fluor_green” and exposure time was set to 2000ms, under the settings menu of 
the SPOT Basic (Version 5.2) software. To capture a fluorescence image, the light source was 
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, an image was captured, and 
the shutter was quickly closed. In addition to minimizing the time that the shutter was open, any 
given region was only imaged once in order to ensure minimal bleaching. All images were taken 
in the Wheaton College Imaging Center for Undergraduate Collaboration (ICUC). These 
methods were generated in collaboration with Erika Fitzpatrick and Emma Paolella.  
Data collection and analysis: Images captured with the SPOT Basic (Version 5.2) software were 
uploaded to ImageJ (Version 1.52q, Java 1.8.0_172 (64 bit)). One fluorescence image for each of 
the conditions (Aβ 25-35 on laminin/poly-lysine, Aβ 35-25 on laminin/poly-lysine, carrier 
control on laminin/poly-lysine, Aβ 25-35 on Matrigel, and carrier control on Matrigel) was 
opened in the program. Under the analyze menu, “set measurements” was selected and “mean 
gray value” was chosen. Using the magnifying glass tool found in the toolbar, regions of the 
image containing axons were magnified and the oval icon was used to quantify the mean gray 
value. Along the axons visibly in focus, as many mitochondria as could be identified as single a 
mitochondrion, as determined by a distinct view of the complete edge of the mitochondrion, 
were quantified for brightness by means of the mean gray value of the center of the object of 
interest. For each object measured, the mean gray value of the center of the object as well as the 
adjacent background was quantified. All mean gray values collected were exported to Excel for 
further analysis. In Excel, the mean gray value of the background was subtracted from the mean 
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gray value of the object for each mitochondrion analyzed, thereby accounting for differences in 
the background brightness between treatment conditions due to residual Rhodamine 123 dye. 
The subtracted values were then averaged in order to quantify an average brightness for each of 
the treatment conditions. Standard deviation and standard error values were also calculated. To 
conduct statistical testing and further analysis of the data, the subtracted values were exported 
into Minitab Express (Version 1.5.1) to run two sample t-tests between conditions.  
 
Results 
 Transmission images were used to identify axons on which to focus for capture of 
fluorescence images, thus for every fluorescence image taken, a corresponding transmission 
image was captured, as shown in Figure 1. Observations were conducted on one fluorescence 
image containing axons captured from each condition, as shown in Figure 2. Noticeably brighter 
axons and glial cells were observed in the Aβ 25-25 experimental condition on both substrates. 
Additionally, axons plated on Matrigel were observed to be brighter than those plated on 
Laminin/Poly-lysine. Quantification of brightness values revealed higher average brightness in 
the Aβ 25-25 condition compared to the Aβ 35-25 control and the carrier control. In addition to 
these results found on the Laminin/Poly-lysine substrate, similar patterns were seen on Matrigel, 
with the Aβ 25-35 exhibiting a higher average brightness than the carrier control. Average 
brightness values for each treatment condition are illustrated in Figure 3. Four different two 
sample t-tests were conducted at a 95% confidence interval in Minitab. Significant differences in 
mitochondrial brightness were found between the Aβ 25-35 experimental condition and the Aβ 
35-25 control as well as between the Aβ 25-35 experimental condition and the carrier control. No 
significant difference was found in mitochondrial brightness between the Aβ 25-35 on 
laminin/poly-lysine and Aβ 25-35 on Matrigel, however a significant difference was found 
between the carrier control on Laminin/Poly-lysine and the carrier control on Matrigel. When 
weighing significance, it should be noted that these results are based on one preliminary trial and 
cannot be considered truly statistically significant. The results of each of these t-tests are 
illustrated in Figure 4.  
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Figure 1: An example of a pair of transmitted and fluorescence images. (A) The transmitted 
image of the Aβ 35-25 control on Laminin/Poly-lysine captured at 40X magnification under 
Phase 2. Notice the arrows pointing to the thin axons that correspond to the axons seen in the 
fluorescence image. (B) The corresponding fluorescence image of Aβ 35-25 control on 
Laminin/Poly-lysine. Notice the arrows pointing to the bright green fluorescence along the 
axons, indicating mitochondria.  
 
 
 
 
 
 
 
 
 
 
 
 
 

A. B. 
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Figure 2: Fluorescence images used for quantification of mitochondrial brightness; each image is 
5000 micrometers wide. (A) Aβ 25-35 on Laminin/Poly-lysine. (B) Aβ 35-25 on Laminin/Poly-
lysine. (C) Carrier Control on Laminin/Poly-lysine. (D) Aβ 25-35 on Matrigel. (E) Carrier 
Control on Matrigel. Notice the distinctly brighter value along axons in the experimental 
conditions, (A) and (D), in comparison to the control conditions. Also note the brighter value 
along the axons on Matrigel (D & E), in comparison to the axons on Laminin/Poly-lysine (A, B 
& C).  
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Figure 3: Bar graph of the average mitochondrial brightness calculated for each condition; 
mitochondrial brightness was understood to represent mitochondrial activity. Aβ 25-35 on 
Laminin/Poly-lysine experimental data are derived from mean gray values measured on 23 
mitochondria imaged in 1 cell in 1 chamber in 1 trial. Aβ 35-25 on Laminin/Poly-lysine control 
data are derived from mean gray values measured on 46 mitochondria imaged in 1 cell in 1 
chamber in 1 trial. Carrier control on Laminin/Poly-lysine data are derived from mean gray 
values measured on 45 mitochondria imaged in 1 cell in 1 chamber in 1 trial. Aβ 25-35 on 
Matrigel experimental data are derived from mean gray values measured on 21 mitochondria 
imaged in 1 cell in 1 chamber in 1 trial. Carrier control on Matrigel data are derived from mean 
gray values measured on 32 mitochondria imaged in 1 cell in 1 chamber in 1 trial. Error bars 
refer to the standard deviation of each data set. Notice the clearly higher brightness values in 
both experimental conditions in comparison to the control conditions as well as the higher 
brightness values observed on Matrigel in comparison to Laminin/Poly-lysine.  
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Figure 4: Two sample t-tests conducted at a 95% confidence interval. (A) Aβ 35-25 control 
condition and Aβ 25-35 experimental condition on Laminin/Poly-lysine (p<0.0001). Aβ 35-25 
control on Laminin/Poly-lysine data are derived from average brightness values calculated from 
measurements on 46 mitochondria imaged in 1 cell in 1 chamber in 1 trial. Aβ 25-35 on 
Laminin/Poly-lysine data are derived from average brightness values calculated from 
measurements on 23 mitochondria imaged in 1 cell in 1 chamber in 1 trial. (B) Carrier control 
and Aβ 25-35 experimental condition on Laminin/Poly-lysine (p<0.0001). Carrier control on 
Laminin/Poly-lysine data are derived from average brightness values calculated from 
measurements on 45 mitochondria imaged in 1 cell in 1 chamber in 1 trial. (C) Aβ 25-35 
experimental condition on Laminin/Poly-lysine and Aβ 25-35 experimental condition on 
Matrigel (p = 0.9195). Aβ 25-35 on Matrigel experimental data are derived from from average 
brightness values calculated from measurements on 21 mitochondria imaged in 1 cell in 1 
chamber in 1 trial. (D) Carrier control on Laminin/Poly-lysine and carrier control on Matrigel 
(p=0.0012). Carrier control on Matrigel data are derived from average brightness values 
calculated from measurements on 32 mitochondria imaged in 1 cell in 1 chamber in 1 trial. 
 
Discussion and Conclusions  

The results of this study demonstrated the opposite patterns than those predicted, thereby 
refuting both hypotheses. Neurons treated with Aβ 25-35 exhibited a higher average 
mitochondrial brightness compared to those treated with either control condition. Results also 
revealed that neurons treated with either the carrier control or Aβ 25-35 exhibited higher average 
mitochondrial brightness when grown on Matrigel in comparison to Laminin/Poly-lysine.  

The results of this preliminary study support the conclusion that prolonged exposure to 
Aβ 25-35 may increase mitochondrial activity, particularly on Matrigel. The statistical 
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significance of these preliminary results cannot be determined at this time. If this experiment was 
extended to include more trials, the mechanism behind the increase in mitochondrial activity 
could be investigated. It has been established that Amyloid-beta induces stress (Chen and Yan, 
2010). Due to elevated stress levels, proteins may begin to denature, increasing the demand for 
lysosomes and peroxisomes, both of which require ATP. Therefore, mitochondrial production of 
ATP may increase with increased energy demand. Research has also shown that the 
ABAD/ERAB enzyme, which binds Aβ, is expressed at higher levels in Alzheimer’s Disease 
(Lustbader et al., 2004; Yan et al., 1999; Takuma et al., 2005). The abundance of this enzyme 
may accelerate Aβ-induced stress, thereby further increasing the ATP demand. In terms of the 
binding mechanism, research shows that a specific ABAD peptide (ABAD-DP) inhibits ABAD-
Aβ interaction, preventing apoptosis. The LD loop has been proposed to be the Aβ binding site, 
however it is unclear if other binding sites exist. Gaining an improved understanding of this 
process through further research allows for the possibility of targeting ABAD-Aβ interaction as a 
treatment for Alzheimer’s (Lustbader et al., 2004). 

Expansion of the study to include more trials would also allow for a more in-depth 
comparison of the substrates. In addition to laminin, Matrigel also contains collagen IV, heparin-
sulfate proteoglycans, entactin/nidogen, and growth factors (Corning, 1994). These are key 
pieces of the extracelluar matrix, which typically includes a mix of fibronectins, collagens, 
laminins and proteogylcans. These molecules provide scaffolding and create an environment to 
promote cell signaling associated with cellular growth (Ma et al., 2008). Regulatory growth 
signals also come from soluble factors (Ma et al., 2008), such as the growth factors found in 
Matrigel. Due to these supplements, Matrigel may have more potential to support and promote 
growth than Laminin/Poly-lysine.   
 This study presents several potential sources of error and limitations. First, prolonged 
exposure was defined as 24-48 hours, therefore not all plates experienced the same initial 
growth-incubation period. This may have affected the extent of the stress put on the cell by Aβ, 
affecting mitochondrial activity. Additionally, neurons were not grown under the Aβ 35-25 
condition on Matrigel, leaving a gap in the data set. Adding this element to future trials would 
allow for further analysis of data patterns. This study was further limited as it was conducted in-
vitro on Gallus gallus neurons. While this is an effective model system, further research should 
aim to conduct trials on in-vivo human neurons to create a more relevant and applicable model 
for Alzheimer’s Disease in Homo sapiens. Incorporating these additions could be very beneficial 
to understanding the progression of Alzheimer’s Disease and developing possible treatments.   
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