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Introduction 

Alzheimer’s disease is a neurodegenerative disorder that deals with memory loss, 
confusion and loss of cognitive skills (Khachaturian, 1985). It is projected that within the next 50 
years one in 45 Americans will suffer from Alzheimer’s disease (Gray et al, 2011). By 2050, the 
number of those with Alzheimer’s disease in the United States is projected to rise from five 
million to 16 million (Senthilingam, 2017). Alzheimer’s disease is related to the microtubule-
associated protein tau, which helps stabilize microtubules that supply the tracks for axonal 
transport (Ebneth et al, 1998). Axonal transport is essential for supplying newly synthesized 
proteins, organelles such as mitochondria, and mRNA’s to cells and without axonal transport the 
cells could die (Milde et al, 2014). Alzheimer’s disease is a taupathy which is a 
neurodegenerative disorder characterized by abnormal phosphorylation of tau and its 
pathological aggregation during aging (Gilley et al, 2014). Toxic effects of aggregated tau and/or 
dysfunction of soluble tau could both contribute to neural defects and even Alzheimer’s disease 
(Gilley et al, 2014). Tau protein can cause neurofibrillary tangles when in the form of aggregates 
and these tangles are a hallmark for Alzheimer’s disease (Binder et al, 2005). These tangles may 
cause microtubules to unravel and become useless for transport, which may lead to the death of 
cells, which may lead to Alzheimer’s disease (Cowan et al, 2010).  

Another way of how tau negatively affects axonal transport is by competing for binding 
space on microtubules with the motor protein kinesin (Hagiwars et al, 1993). Kinesin is a motor 
protein, meaning it transports cargo such as mitochondria down microtubules in axonal transport 
(Hagiwars et al, 1993). Without the kinesin to transport essential cargo to cells, it is possible the 
cells would die. The more tau that is present, the more competition there will be for the kinesin 
to bind to microtubules (Hagiwars et al, 1993). The current study is based on the literature of 
Hagiwars et al, 1993 and the idea that tau protein competes with kinesin for binding space on 
microtubules. This competition for binding space could possibly result in less motor proteins 
being able to transport essential cargo, in this case we focused on mitochondria. Mitochondria 
are transported as means of energy and the lack of transport of mitochondria throughout cells has 
been shown to give evidence of what is quite possible neurodegenerative disorders such as 
Alzheimer’s disease (Saxton et al, 2012).  

Tau-441 is the isoform that will be used because it is most likely to be able to cross the 
cell membrane, for it can cross the blood brain barrier (Banks et al, 2016). Tau-441 is perhaps 
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the closest replicate of what will be found in a brain and allows for use without trituration (Banks 
et al, 2016). Rhodamine 123 will be applied to cells as well in order to clearly see mitochondria 
using	  fluorescence microscopy. Rhodamine 123 is a lipophilic cation, meaning it is positive and 
attracted to negative charges. The mitochondria are very negatively charged, so the Rhodamine 
123 will be attracted to them, which will help track mitochondrial movement using fluorescence 
microscopy (Johnson et al, 1980). Glial cells taken from chicken embryos will be used to test the 
hypothesis that the addition of tau-441 to glial cells will result in the slowing down of rates of 
mitochondrial transport. 

 

Methods 
Primary Culture Dissection 
Sympathetic nerve chain and dorsal root ganglion cells from 10 day old chicken embryos were 
used in this experiment. The dissection followed the protocol Primary Culture of Chick 
Embryonic Peripheral Neurons 1: Dissection by Robert L. Morris based on protocol by Peter J. 
Hollenbeck (Morris, 2017).  

Growth Medium Preparation 

Glial cells and neurons were grown in a modified Leibovitz L-15 converted to F-plus medium, 
containing neuronal growth factors (Morris, 2017).  

Preparation and Addition of Tau-441 

50 micrograms of powdered tau-441, category number T0576, was purchased from Sigma 
Aldrich to use for this experiment (Sigma Aldrich). Sterile water was used as the solvent and 50 
microliters was used. Stock solution was made up of one mg/ml at a concentration of 22 
micromolar. 1 1/2 mls of stock solution was added to 1 ml of growth medium in order to get a 
concentration of 33 nanomolar for the working solution. A full exchange took place where what 
was in a sparse cell culture was removed and replaced with the 33 nanomolar concentration of 
tau-441. The cells were then incubated at 37 degrees Celsius. This was completed for two sparse 
cell cultures, used as experimental dishes. All was done in collaboration with Matt and Arianna.  

Rhodamine 123 and Cell Washing 

1 microliter of 1 mg/ml solution of Rhodamine 123 was added into 1 ml of growth medium in 
order to get 1 ml of one mg/ml for a 1:1000 dilution. All growth medium in the wanted petri dish 
was removed and 1 ml of Rhodamine 123 solution was added. The petri dish was covered with 
tin foil to limit light exposure for 10 minutes while it was incubated at 37 degrees Celsius. The 
solution was washed four times with HBSS then covered with tin foil. Each dish received fresh 
growth medium after washed. This was done for one control dish (five days of age) and two 
experimental dishes (eleven days of age). All was done in collaboration with Matt and Arianna.  

Preparing a Chip Chamber  

Chip chambers were created following the protocol of Primary Culture of Chick 
Embryonic Peripheral Neurons 2:Observation of live unlabeled cells (Morris, 2015b). All was 
done in collaboration with Matt and Arianna.  
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Imaging 

Images were taken using fluorescence microscopy in the ICUC. Images were taken using the 
SPOT software. The fluorescent microscope was on 40x magnification and phase two while 
taking pictures. A heater was pointed towards the slide and a thermometer monitored the 
temperature, which was kept around 37 degrees Celsius. For each image, two transmitted photos 
and two fluorescent photos were obtained. Live imaging was used in order to make the image 
clear. For a transmitted photo, made sure auto exposure time was selected, light was exposed at 
bottom and tables were clear from human contact to limit disturbance. Dial on right hand side 
was set to one and picture was taken. For a fluorescent image manual exposure time was 
selected, dial on right hand side was set to three for green fluorescence, tables were clear of 
human contact, the shutter was moved to the right and two photos were taken. First photo was 
taken at an exposure time of 4,000 ms and a second photo was taken 15 seconds later at an 
exposure time of 8,000 ms. Mitochondria were considered anything in the image that had bright 
green, and/or yellow, and/or red coloring, for this means it took up the Rh123.All was done in 
collaboration with Matt and Arianna.  

Overlap Fluorescent Images 

Both fluorescent images were opened in Photoshop software. “Window” was clicked on and it 
was made sure “channels”, “history”, and “navigator” were all checked. First image taken was 
selected and the green channel was highlighted. “Edit” and “copy” were clicked, and the blue 
channel was selected. “Command delete” was then clicked. The second image taken was 
selected, and the green channel was clicked on. “Edit” and “copy” were then clicked. The first 
image was selected and the red channel was highlighted. “Edit” and “paste” were clicked. To 
show overlay of the two images, “RBG” in the channels was clicked.  

Data Analysis/Quantification 

Mitochondrial movement was measured by first opening overlay images into ImajeJ software. 
Red sections portrayed how far and in which direction mitochondria moved. Green sections 
portrayed data from the first image taken and yellow sections portrayed shared space between the 
first and second images. The line tool was used to click on one end of red section and drag to the 
other end of the red section. “Command m” was clicked in order to get the length in pixels the 
mitochondria moved. What was defined for mitochondrial movement was any red section that 
was at the tips of mitochondria disregarding red on the sides of mitochondria or red sections in 
close groups that moved the same length in the same direction because this suggested the cell 
shifting rather than the mitochondria moving. One end of red section was measured to the other 
end up until the yellow or green section started. Or, if the colors went from yellow/green to black 
to red, then one end of the red was measured to the end of the black section up until the 
yellow/green section started.  

Pixels were converted to microns/seconds as follows. The stage micrometer was placed on 
microscope scale, SPOT software was opened, and transmitted photo of micron ruler at 40x 
magnification was took. The image was saved to desktop, it was opened in ImageJ software, and 
the length of 50 microns in pixels was measured by measuring the left side of one tall bar to the 
left side of the next tall bar with the line tool. The amount of pixels was took and divided by 50 
microns to get pixels/micron. The values received for mitochondrial movement were divided by 
the amount of pixels/micron and divided this number by 15 to get microns/second.  
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Collaboration was done with Matt and Arianna for the preparation and addition of tau-411 as 
well as Rhodamine 123. Collaboration was done with Matt, Arianna, Ryan, Omar, Luis and 
Steph for the completion of the Rhodamine 123 chemical workout. Collaboration was also done 
with Matt and Arianna for the taking of images using fluorescent microscopy as well as the Tau-
441 chemical worksheet. Collaboration was done with Matt and Arianna for creating chip 
chambers for control and experimental cells. Collaboration was done with Matt, Arianna and 
Steph for use of the control cells/images.  

 

Results 
For the control condition, data were derived from 10 individual mitochondria, from 6 

glial cells, from 4 images, measured in one trial on one day. For the experimental condition, data 
were derived from 14 individual mitochondria, from 4 glial cells, from 4 images, measured in 
one trial on one day. The control cells were 5 days of age and the experimental cells were 11 
days of age.  

 

    
    Figure 1A                                                    
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Figure 1B 
 
Figure 1- A transmitted image is shown on the top of two glial cells that have been applied only 
Rhodamine 123 and the same cells are shown in a fluorescence image on the bottom. Notice how 
the transmitted image has an almost see through characteristic and the fluorescence image has 
bright green that is visible representing mitochondria that have taken up the Rhodamine 123.  
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Figure 2A                                                         

 
Figure 2B 
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Figure 2C 

Figure 2- Figure 2A shows a fluorescent image of a control glial cell that was taken at an 
exposure time of 4,000 milliseconds. Figure 2B shows a fluorescent image of the same cell taken 
at an exposure time of 8,000 milliseconds. Figure 2C is a zoomed in image that shows both 
Figure 2A and Figure 2B overlapped where the green portrays Figure 2A’s information, yellow 
shows shared space between Figure 2A and Figure 2B, and the red displays the information from 
Figure 2B to show movement of mitochondria over a span of 15 seconds. Notice in Figure 2C 
there is much shared space (yellow) and there are red sections both at the tips of mitochondria 
and on the sides of mitochondria. The blue arrows point towards red that is on the sides of 
mitochondria, which was disregarded. The purple arrows point towards red that is at the tips of 
mitochondria, which was usable data. There seems to be quite a bit of red in this control cell, 
meaning quite a bit of mitochondrial transport. 
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 Figure 3A                                                              

 
Figure 3B 
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Figure 3C 

Figure 3- Figure 3A shows a fluorescent image of an experimental glial cell that was taken at an 
exposure time of 4,000 milliseconds. Figure 3B shows a fluorescent image of the same cell that 
was taken at an exposure time of 8,000 milliseconds. Figure 3C shows both Figure 3A and 
Figure 3B overlapped where the green portrays Figure 3A’s information, yellow shows shared 
space between Figure 3A and Figure 3B, and the red displays the information from Figure 3B to 
show movement of mitochondria over a span of 15 seconds. Notice how there is much less red in 
Figure 3C than in Figure 2C, meaning there is less mitochondrial movement in Figure 3C 
(experimental in the presence of Tau-441) than in Figure 2C (control without Tau-441).  
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                              Average Rates of Mitochondrial Transport 

	  

	  Figure 4                                   Cells	  in	  Rh123	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Cells	  in	  Rh123	  and	  Tau-‐441 

Figure 4 shows the average rates of mitochondrial transport in glial cells in microns per second 
for the control group (Cells in Rh 123) and experimental group (Cells in Rh 123 and Tau-441). 
Notice that a larger average rate of mitochondrial transport is seen for the control group than the 
experimental group. The control group’s average rate of mitochondrial transport is 2.95 times 
larger than the experimental group’s average rate of mitochondrial transport. The standard error 
bars are included to show variability of velocity values compared to the average values. Notice 
there is no overlap between the two error bars. 

 

Discussion and Conclusion 
Although the data may have an indication that it supports the hypothesis, the error bars 

didn’t overlap which means it cannot be said whether or not there is statistical significance 
(Figure 4). The lack of overlap between the error bars means there is no knowing whether or not 
the difference between the two means is statistically significant. The hypothesis that the addition 
of tau-441 to glial cells will result in slower rates of mitochondrial transport cannot be accepted. 
Although the average rate of mitochondrial transport was 2.95 times less in the experimental 
data, the sample size was simply too small to have a definite answer of statistical significance. 
Another test with a larger sample size would need to be carried out to better determine this. In 
mitochondrial transport, the microtubules provide the tracks while motor proteins, like kinesin, 
transport organelles along the microtubules (Pescarmona, 2009). Kinesin and tau compete for 
binding space on microtubules which could explain the negative effect the addition of tau had on 
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the glial cell’s mitochondrial transport (Hagiwara et al, 1993). Evidence suggests that tau 
proteins are toxic when added to cultured cells, which suggests contribution to disorders such as 
Alzheimer’s disease (Gomez-Ramos et al, 2006). The transport of mitochondria is essential for 
cell’s health, and if the microtubules, or tracks for transport, are damaged, then the mitochondria 
will not be able to be transported as efficiently if at all (Course and Wang, 2016). Perhaps the 
Tau-441 out-competed the kinesin and resulted in less binding space for the kinesin, which 
would result in lower rates of mitochondrial transport, which is the result of this experiment.  

 If the experiment were to be replicated, more data would be collected in order to get more 
accurate average rates of mitochondrial transport in glial cells. This would be helpful to see more 
precise values and give better representations of the data. Perhaps taking more images and 
measuring more mitochondria movement would make the average rates of mitochondrial 
transport greater between the control group and experimental group. Also, a couple possible 
errors would be taken into account. These include making sure that between each fluorescent 
picture exactly 15 seconds separate them, instead of roughly estimating when 15 seconds has 
gone by. Another possible error to watch out for is making sure the thermometer stays as close to 
37 degrees Celsius as possible. For this experiment there were times when it was noticed that the 
thermometer had readings close to 30 degrees Celsius and the heater had to be angled more 
towards the slide that was currently being observed. Perhaps this resulted in less movement of 
the mitochondria, for the heat was added to aid in movement. 

For future experiments, different concentrations of tau-441 could be tested that would be 
applied to cells. A higher concentration of tau-441 could perhaps result in even lower rates of 
mitochondrial transport or even cell death.  Future experiments could test the addition of tau-441 
to glial cells as well as neurons to see if they are affected differently. The possible results could 
include no difference at all, the neurons being more negatively affected or the glial cells being 
more negatively affected. In this experiment, 15 seconds was taken between each fluorescent 
image, but for future experiments more time could be allowed between each photograph to allow 
for more movement by mitochondria. Allowing for more time and for more movement to occur 
could perhaps result in more accurate data, which could possibly lead to statistical significance. 
Mitochondrial transport in glial cells as well as neurons is interesting and future experiments 
should be carried out in order to learn more about its importance in Alzheimer’s disease.  
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