
 

 
  

Wheaton Journal of  

Neurobiology Research  
 

Issue 10, Fall 2017: 
  

"Modeling disease using primary neuronal tissue culture"  
 

R.L. Morris, Editor.  Wheaton College, Norton, Massachusetts. 
 

Preliminary study of the effect of exogenous 
tau-441 on mitochondrial transport in glia  

 

Matthew X. Morgan  
 

BIO 324 / Neurobiology  
Final Research Paper 

4 December 2017 
 



 1 

Preliminary study of the effect of exogenous  
tau-441 on mitochondrial transport in glia 

  
Matthew X. Morgan 

Final Research Paper written for 
Wheaton Journal of Neurobiology Research 

BIO 324 / Neurobiology 
Wheaton College, Norton Massachusetts 

4 December 2017 
 
Introduction 
 Alzheimer’s Disease (AD) is a progressive neurodegenerative disease that destroys 
memory and mental functioning through the degeneration and death of the brain’s neurons 
(Alzheimer’s Disease, 2017).  According to AD research there are two likely agents that are 
damaging and eventually killing nerve cells (Alzheimer's Disease & Dementia, 2017).  The two 
expected causes of AD are protein fragments called beta-amyloid that accumulate between nerve 
cells creating plaques and twisted fibers of the intracellular protein tau that build up inside cells 
creating neurofibrillary tangles (Alzheimer's Basics, 2017).  Even though healthy tau stabilizes 
microtubules in the cytoskeleton of neurons promoting efficient intracellular transport, 
overexpressed tau can form neurofibrillary tangles and impairs axonal transport of organelles 
causing synapse starvation, the depletion of ATP, and overall neuronal damage eventually 
leading to cell death (Reddy, 2011).  A great deal about tau has been recently discovered, 
however many important questions, such as what mechanisms effect synapses through 
mitochondrial transport, remain unanswered (Alzheimer’s Society, 2017). 
 Studies suggest that mitochondria play a central role in aging, cancer, and especially AD 
(Arun et al., 2016).  Mutations, structural changes, and oxidative damage of mitochondria can 
contribute to AD (Arun et al., 2016).  Ever since functional connections between mitochondria, 
microtubules, and motor proteins have been established, there has been a greater interest in their 
influences on neurodegenerative diseases (Hollenbeck et al., 2005).  Tau has no effect on the 
speed which organelles, such as mitochondria, are transported (Trinczek, 1999).  However, tau 
effects the frequencies with which organelles are attached and detached to microtubule tracks 
resulting in a decrease of intracellular transport rates (Trinczek et al., 1999).  Therefore, the 
mitochondrial movement of the current study may be caused by tau’s effect on mitochondrial 
attachment and detachment to microtubules.  
 In this study, the effect of exogenous microtubule associated protein tau-441 on 
mitochondrial transport velocities found in glial cells was examined using chick, Gallus gallus, 
embryonic peripheral neurons (Gautier, 2002).  Embryonic chick neuronal cultures are able to 
grow in large amounts at high rates and have low preparation costs (Stahl et al., 2007).  A control 
included 5-day old chick sympathetic neurons treated with Rhodamine 123 (Rh 123), which is a 
fluorescent dye commonly used to determine mitochondrial bioenergetics in living cells (Forster 
et al., 2012).  An experimental group included 3-day old chick sympathetic neurons treated with 
a 33 nM concentration of tau-441 along with the mitochondrial fluorescent dye, Rh 123.   
  Tau-441 was used in our experiment because it is the most similar isoform to that of 
native tau that exists in the brain with AD (Banks et al., 2016).  Tau-441 has 4 C-terminal repeat 
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regions (4R), which are the domains that bind to microtubules and promote their assembly 
(Banks et al., 2016).  Also, tau-441 does not have a saturable component meaning it does not 
need a receptor and can cross both the Blood Brain Barrier and the membrane of the neuron 
(Banks et al., 2016).  This suggests that there is not a need to triturate tau-441 into the cells used 
in this study.  We hypothesized that mitochondrial transport rates in glial cells will decrease with 
the presence of a 33 nM concentration of tau-441.  This experiment was conducted in 
collaboration with Arianna Pesarik and Dan Southerland. 
 
Materials and Methods: 
Primary Culture Dissection and ganglia dissociation  
 Cells were prepared according to Morris (2015a).  50 µg of tau-441 were purchased from 
Sigma Aldrich, catalog number T0576, for use in the experimental condition of this study (Tau-
441, 2017).  Rhodamine 123, catalog number R302, was purchased from Sigma Aldrich for use 
in the control and experimental conditions of this study (Rhodamine 123, 2017).  
 
Preparing the growth medium 
 F-plus medium was used to grow chick neurons and glial cells.  The recipe for the F-plus 
growth medium consisted of Leibovitz L-15, glutamine, glucose, pen/strep, FBS (Fetal Bovine 
Serum), and NGF (Nerve Growth Factor) (Morris, 2017).  The pen/strep will prevent 
contamination and protect against bacteria (Penicillin-Streptomycin, 2017). 
 
Introducing tau-441 
 All of the experimental petri dishes were treated with 1 ml (1000 µl) of tau-441.  The tau-
441 was diluted at 1:666.67 in growth medium by adding 1.5 µl of the 1 mg/ml stock solution of 
tau-441 prepared in sterile water to 1 ml of growth medium resulting in a 33 nM working 
solution.  Tau concentrations of 130 nM or higher that are 15 µm or closer to cells will kill them 
(Gómez-Ramos et al., 2006).  Therefore, we treated our experimental cells with a fourth of this 
toxic concentration.  Cells were incubated for 24 hours at 37°C after being exposed to tau-441. 
 
Introducing Rh 123 and cell washing 
 All of the experimental and control dishes were treated with 1 ml (1000 µl) of Rh 123.  
The Rh 123 was diluted at 1:1000 in growth medium by adding 1 µl of the 1 mg/ml stock 
solution of Rh 123 prepared in DMSO to 1 ml of growth medium resulting in 1 ml of 1 µg/ml 
working solution of Rh 123.  Cells that were exposed to Rh 123 were then covered with tin foil 
and incubated for 10 minutes at 37°C before being washed 4 times with HBSS (Humure, 2017).  
Cells were washed by discarding the working solution of Rh 123, adding HBSS, and then 
discarding the HBSS.  This cell washing process was completed 4 times for each dish. 
 
Making a chip chamber 
 Chip chambers were prepared according to Morris (2015b). 
 
Fluorescence imaging 

We used an upright Nikon Eclipse E200 microscope with a Spot Insight FireWire 2 
camera mounted to the top in order to view our cells and take transmitted and fluorescence 
images.  Spot software, version 5.2, was used on an Apple iMac Macintosh computer, OS X 
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Yosemite, version 10.10.5 to take images in the ICUC lab at Wheaton College in Norton, MA. 
The 40x magnification with phase 2 lens for the experimental and control groups was used in 
order to capture transmitted and fluorescence images.  For the experimental group, 14 sets of 
images were taken.  For the control group, 13 sets of images were taken.  There were 4 images 
per set.  The first image of the set was a transmitted light photo taken at an auto exposure time.  
The second image was a fluorescence image taken at a manual exposure time of 4 seconds.  The 
third image was another fluorescence image taken 15 seconds after the first fluorescence image 
at a manual exposure time of 8 seconds.  The final picture was a transmitted light image taken at 
an auto exposure time.  The second fluorescence image had an exposure time of 8 seconds 
because Rh 123 bleaches quickly (Cottet-Rousselle et al., 2011).  In order to take a fluorescence 
image, the light was blocked, the dial on the side of the microscope was set to 3 to give the green 
glow, and the fluorescence light shutter was moved from closed to open during the exposure 
time.  The same procedure was repeated to capture all images in both conditions.  The above 
procedures were done in collaboration with Arianna Pesarik and Dan Southerland. 
 
Data Analysis 
 Fluorescence images taken at and exposure time of 4 (4s) and 8 (8s) seconds from three 
sets of images of the experimental group and four sets of images of the control group were used 
for data analysis.  The sets of images that were taken but not analyzed were low quality making 
them unquantifiable.  Also, some of these images were not analyzed because there was too much 
noise from the Rh 123 and mitochondria was unidentifiable. Seven overlay images were created 
using Adobe Photoshop on the Apple iMac Macintosh computer in the ICUC lab.  Overlay 
images were created by opening the 4s exposure time image and the 8s exposure time image on 
Adobe Photoshop.  The green channel for the 4s image was copied, then the blue channel for the 
4s image was deleted.  The green channel for the 8s image was copied and was then pasted on 
the red channel of the 4s image.  To view the overlay image created, the RGB channel was 
selected for the 4s image.   

After the production of overlay images, they were opened with ImageJ on the same 
Apple Macintosh computer in the ICUC.  On the overlay images, the green areas show where 
only the 4s image exists and the red areas show where only the 8s image exists while the yellow 
areas show the overlay of the two images.  Red and green areas were measured in pixels on 
ImageJ using the measuring stick.  Red areas were measured from the tip of the red to where the 
green/yellow area began.  If mitochondria moved a part from one another the left side of the red 
area was measured to the left side of the green area.  However, red areas were disregarded when 
there was side to side movement and when mitochondria in a large group moved equal distances 
together in the same direction because the entire glial cell was moving not just the mitochondria.  
The same procedure was followed for all seven samples of data collected. 

Pixels were then converted to microns.  A transmitted image was taken of a stage 
micrometer.  This image was opened with ImageJ.  The left side of the tallest bar on the stage 
micrometer was measured to the left side of the next tallest bar (50 microns).  Using the 
measuring stick on ImageJ, 50 microns was found to equal 272.003 pixels.  Calculations showed 
that 5.44 pixels equal 1 micron.  Mitochondrial movement that was collected from the data in 
pixels was divided by 5.44 in order to get the velocity of microns per 15 seconds.  In order to 
stay consistent with previous literature each micron value was divided by 15 to get microns per 
second. 
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Results: 
 
 
 
 
 
 
 
 
 
 
 
 
 
   A              B 
Figure 1:  Control images with same glia under different conditions. Image A is a transmitted 
light image of two glial cells.  This image was adjusted for brightness.  Image B is a fluorescence 
image taken at a 4 second exposure time.  This is an image of the same two glial cells but with a 
green glow to demonstrate that Rh 123 was introduced.  This green glow is showing the presence 
of mitochondria in the glia.  Notice the mitochondria within the stretched out glial cell on the 
left.  Images were taken in collaboration with Arianna Pesarik and Dan Southerland. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

             A                       B 
Figure 2:  Experimental images with the same glia under different conditions.  Image A is a 
transmitted light image a glial cell.  This image was adjusted for brightness.  Image B is a 
fluorescence image taken at a 4 second exposure time.  This is an image of the same glial cell in 
image A but with a green glow to demonstrate that Rh 123 was introduced.  This green glow is 
showing the presence of mitochondria in the glial cell.  Notice the multiple mitochondria shown 
in the right side of the glia.  Images were taken in collaboration with Arianna Pesarik and Dan 
Southerland. 
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    A              B 
Figure 3:  The product of overlaying 2 images from the control group and 2 images from the 
experimental group.  The green areas show where only the first image exists and the red areas 
show where only the second image exists while the yellow areas show the overlay of the two 
images.  Image A is the product of overlaying a fluorescence image of two glial cells from the 
control group with an another fluorescence image of the same two glial cells 15 seconds later.  
Notice the mitochondrial movement of this stretched out glial cell shown by the 2 red and green 
areas in the middle of the image and the 1 red and green area at the top of the image.  Image B is 
the product of overlaying a fluorescence image of one glial cell from the experimental group 
with another fluorescence image of the same glial 15 seconds later.  Notice the mitochondrial 
movement in upper middle of this image shown by the separated green and red dots.  The white 
lines in the images show how mitochondrial movement was measured.  Images were created on 
Photoshop in collaboration with Dan Southerland. 
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Figure 4: Average mean mitochondrial velocity for the control (Rh 123) and the experimental 
(Tau + Rh 123) groups are shown to indicate mitochondrial transport in glia.  Data were derived 
from 10 mitochondria in 6 glial cells from 4 sample images measured from 1 trial for the control 
condition.  Data were derived from 10 mitochondria in 7 glial cells from 3 sample images 
measured from 1 trial for the experimental condition. 
          
 
 

A greater mitochondrial velocity for the control group as compared to the experimental 
group was observed (Figure 4).  The velocity rates for mitochondrial movement of the control 
were a little over a third of the speed faster than the velocity rates for mitochondrial movement 
shown in the tau treated experimental group.  The presence of the multiple red areas in the 
overlay image shown in Figure 3A suggests there was more mitochondrial movement in the 
untreated glial cells than tau treated glial cells.  These overlay images were produced in 
collaboration with Dan Southerland. 
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Discussion & Conclusion: 
Results of the current study suggested that tau-441 treatment may reduce the rate of 

mitochondrial velocity (Figure 4).  However, the hypothesis that a decrease in the rate of 
mitochondrial transport in glial cells treated with tau-441 will be observed as compared to glial 
cells not treated with tau-441 cannot be accepted because a two-sample t-test showed no 
statistically significant difference in mitochondrial velocity between tau-441 treated cells and 
control cells. 
 If this experiment gave the same results after being repeated a thousand times, then it 
would be concluded that these data are reliable.  From a cellular standpoint, the trend would 
mean that the introduced tau-441 was able to cross the membranes of the glial cells and caused 
intracellular tangles to occur.  The tangles then altered the attachment and detachment of 
mitochondria to microtubules causing an overall decrease in mitochondrial transport (Trinczek et 
al., 1999).  Like my experiment, the study from Trinczek et al., (1999) indicates that the presence 
of tau-441 decreases intracellular organelle transport.  However, Trinczek et al., (1999) used 
CHO (Chinese hamster ovary) cells which could be a source of significant difference when 
comparing the two studies. 

In order to refine this experiment, experimental cells and control cells should be the same 
age.  In this preliminary study, experimental cells were imaged as 3-day old cells while the 
control cells were imaged as 5-day old cells.  Perhaps the 5-day old cells could have began 
experiencing some age related difficulties effecting mitochondrial movement.  Also, multiple 
trials per condition could have been run.  In repeating this experiment, one could pay more 
attention to detail, use a larger sample size, and write down protocols before performing them. 

For future experiments, one could examine the mitochondrial velocity in axons of tau-
441 treated neurons instead of glial cells.  Axonal organelle transport can occur along both 
microtubules and microfilaments (Morris et al., 1995)   Results could be compared to the results 
of this preliminary study to demonstrate the similarities and differences between the two cell 
types.  This is important because tau accumulation may need to be treated differently in neurons 
and glial cells perhaps due to specific cellular properties.  The number of discoveries about tau 
and its relation to AD are increasing.  These discoveries must continue in hopes to find 
treatments and an ultimate cure for AD. 
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This experiment was done in collaboration with Arianna Pesarik and Dan Southerland. 
 


