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INTRODUCTION:
Mercury is toxic to the nervous system though the mechanism through which it damages the nervous system is still
 under investigation (Bernhoft, 2012). The heavy metal is thought to degenerate axons by altering the cytoskeleton’s
 integrity (Leong, et al., 2001, Miura, et al., 2000, and Pendergrass, et al., 1997). It is also thought to inhibit
 mitochondrial function; one proposed mechanism of methylmercury’s severe toxicity (Kaur, et al., 2006). Mercury
 toxicity can produce lesions similar to those observed in degenerative neurological diseases such as Alzheimer’s. The
 possible correlation between the damage produced by mercury exposure and the degenerative damage of Alzheimer’s
 increases the intensity with which mercury toxicity is being studied since there is the possibility that mercury’s
 neuronal damage will give insight into treatments for Alzheimer’s (Pendergrass, et al., 1997).

Research suggests that the presence of mercury decreases the rate of axonal transport, the method of
 mitochondrial distribution along an axon (Bhatia, 2006). These data are consistent with findings that the cytoskeleton is
 altered by mercury exposure because axonal transport is the movement of cellular components along the cytoskeleton
 (Leong,et al., 2001, Miura, et al., 2000, and Pendergrass, et al., 1997). Data suggest that mitochondria generally are
 moved back toward the soma from axonal segments near the growth cone when exposed to mercury (Chadwick, 2011,
 Frasca, 2008, and Pauly-Hubbard, 2011). These data are consistent with findings that axons shrink or retract in the
 presence of mercury because mitochondrial distribution and transport are influenced directly by the behavior of the
 growth cone; if the growth cone signals retraction the mitochondria have a net retrograde movement (Chada and
 Hollenbeck, 2003 and Pamphlett and Png, 1998). Conversely, there is evidence that the concentration of mitochondria
 within an axon exposed to mercury remains higher near the growth cone compared to other axonal segments even after
 mercury exposure (Niegish, 2011). While further investigation could clarify mitochondrial retrograde movements, none
 of the described investigations illustrate changes in the overall concentration of mitochondria within an axon due to
 mercury exposure.
            The present study investigated the concentration of the mitochondria in the axons of Gallus gallus sympathetic
 neurons after an acute exposure to 100 nM mercuric chloride. It was proposed that the concentration of mitochondria in
 the sympathetic axons would decrease in response to mercury exposure. The average percent brightness (which directly
 correlates to concentration) of fluorescently stained mitochondria per micrometer of axon in mercury treated and
 untreated cells was determined (Morris and Hollenbeck, 1993). It was observed that the overall concentration of
 mitochondria per micrometer of axon is reduced in mercury-treated cells. These findings agree with previous data that
 mitochondria generally move toward the soma when exposed to mercury (Chadwick, 2011, Frasca, 2008, and Pauly-
Hubbard, 2011). These data suggest that reduction in mitochondrial concentration may be a factor in the neuronal
 damage caused by mercury exposure.
 
MATERIALS AND METHOD:
Materials
Mitotracker Orange CMTMRos, Cat #M7510, was obtained from Molecular Probes Invitrogen. FITC-DM1A anti-alpha
 tubulin, Cat #F2168, was obtained from Sigma Chemical Co. ProGold Anti-Fade Agent, Cat #P36930, was obtained
 from Molecular Probes Invitrogen.
Cell Culture
Sympathetic chains and ganglia of ten day Gallus gallus were extracted, dissociated, and plated on coverslips with a
 density of one third ganglia or sympathetic chain per coverslip (Morris, 2013a). The coverslips were incubated at 37°C
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 in C-medium (Leibovitz L-15, 0.5% methyl cellulose, 2 mM Glutamine, 0.6% glucose, 100 U, µg/mL penicillin,
 streptomycin, 10% fetal bovine serum, and 50 ng/mL nerve growth factor) for 24 hours.
Mitochondrial and Microtubule staining
The mitochondria in these live cells were stained fluorescently red by treating each coverslip with 1 mL of 100 nM
 Mitotracker (Morris, 2013b). To administer the mercury treatment, the coverslips were submerged in 100 nM mercuric
 chloride C-medium and incubated at room temperature for 15 minutes. Coverslips were washed with DMEM. To fix
 and permeabilize the cells the DMEM was removed and each coverslip was incubated at room temperature in 2 mL of
 prewarmed (37°C) fixative (2% formaldehyde, 0.1% gluteraldehyde, 0.12M sucrose, and 2mM EGTA) plus 0.5%
 Triton X-100 followed by an 8 minute incubation at room temperature in 2 mL of room temperature fixative. The
 coverslips were washed with PBS-T followed by a 14 day incubation at 4-6°C in block buffer (3% BSA and 1:10
 Sodium azide).

To stain alpha tubulin, a subunit of microtubules, fluorescently green, each coverslip was treated with 250 µL of
 1:50 or 1:100 FITC-DM1A. An observation chamber for each coverslip was made using ProGold Anti-Fade Agent as
 the medium and Revlon Cherries in the Snow as the sealant and stored at 4-6°C in the dark for 24 hours (Askew, 2013
 and Morris, 2012).
Measurements of mitochondrial concentration
For analysis of mitochondrial concentration, isolated axons were selected. All fluorescent images of the microtubules
 and mitochondria within these axons were gathered on a Mac OS X Version 10.5.8 using a Nikon Eclipse E801 Epi-
fluorescence microscope with a Nikon Plan Fluor 40x or Plan Apo 60x (with Nikon Type A immersion oil) objective,
 diagnostic instruments 0.76x HRD076-NIK c-mount, and SPOT RT3 camera (25.4 2 Mp Slider), using SPOT version
 4.6.1.41 (Askew, 2013).
            The fluorescent microtubule and mitochondrial images were overlaid using Adobe Photoshop CS2 Version
 9.0.2. These overlays were analyzed using ImageJ 1.40g. Overlay images in which it was clear that the fluorescent
 microtubule and mitochondrial images were not of the exact same position (background separated red mitochondria
 from the green parallel microtubule array) were excluded from analysis. Since microtubules continuously span the
 entire length of the axon and their green staining makes them distinguishable from the background, they were used to
 identify the location of the isolated axons.

In the RGB Color overlay image, the pixel coordinates of the edge of the growth cone, the growing end of an
 axon where the microtubules display a splayed pattern instead of a parallel pattern, was located. From this point, using
 the Freehand Lines tool, a line tracing the axon, the green parallel complex of microtubules in the axon, was drawn
 toward the soma until it was visually clear that the axon intersected with another cellular mass. Without removing this
 line, the image was converted to the RGB Stack type and the average brightness along the traced line in the red channel
 was measured in order to measure the prevalence of mitochondria. Since the mitochondria are stained red, the
 brightness of the color red directly indicates the density of mitochondria along the traced line (axon) (Morris and
 Hollenbeck, 1993). The length of the drawn line in pixels was also determined in ImageJ. Another line of
 corresponding length was drawn parallel to the first drawn line to measure the average brightness of the background.
            To normalize for the average brightness along the axon in each image, the percentage of the brightness detected
 due to the background fluorescence was calculated. From this quantity the percentage of the brightness due to
 mitochondria along the axon in each image was calculated. The length of each axon in pixels was converted to
 micrometers. With these values the percentage of brightness due to mitochondria along each axon per micrometer of
 that axon was calculated allowing for comparison between analyzed cells. The average percent brightness due to
 mitochondria per micrometer of axon for each treatment was calculated. This percentage indicates the average overall
 concentration of mitochondria per micrometer along the axons of each treatment group (Morris and Hollenbeck, 1993).
 
RESULTS:
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No red fluorescence was observed in the negative control (no mercury, FITC-DM1A, or Mitotracker was added to this
 coverslip) indicating that any fluorescence in the gathered images is due to fluorescently stained mitochondria. These
 data are not provided. The average brightness along each axon in both treatment groups was larger than that of their
 respective background. These data are not provided.

As depicted in Figure 1 and 2, axons are seen as long, thin processes of microtubules distinguishable from the
 background of the image. These figures also depict mitochondria as small red areas along the green microtubule
 lengths, the axons. Figure 3 displays the average brightness of these mitochondria normalized for background
 brightness and length of axon. The control group displayed a far greater average brightness compared to the mercury-
treated group.
            It was observed that the concentration of mitochondria near the growth cone was lesser than that of other
 sections of axon; data not provided.
 
DISCUSSION:
            The data gathered in this study support the hypothesis that the overall concentration of mitochondria in
 sympathetic axons decreases in response to mercury exposure. These findings support previous investigations that
 mitochondria generally move away from the growth cone and most likely out of the axon when cells are treated with
 mercury; this net movement would result in an overall reduction of mitochondria in the axon (Chadwick, 2011, Frasca,
 2008, and Pauly-Hubbard, 2011). The observation that the average brightness of each axon was greater than that of the
 background indicate that there were mitochondria present in each of the analyzed axons. The observation that the
 concentration of the mitochondria generally decreased near the growth cone supports previous data that mitochondria
 move in a net retrograde manner when exposed to mercury (Chadwick, 2011, Frasca, 2008, and Pauly-Hubbard, 2011).
 The previous observation disagrees with findings that the concentration of mitochondria remains greater near the
 growth cone even after cellular exposure to mercury (Niegish, 2011). While this study’s data set was far too small, if
 the observed trends were consistent in a study with a greater data set then that data would strongly suggest that
 mitochondrial distribution is a factor in mercury’s degenerative effects on the nervous system.
            These data do not directly illuminate the molecular reason for this change in mitochondrial distribution. Since
 previous investigations suggest that mercury exposure results in axonal retraction (Pamphlett and Png, 1998) it would
 seem to follow that cellular signals which stimulate this retraction are responsible for the net translocation of
 mitochondria (Chada and Hollenbeck, 2003). As mercury chemically alters the cytoskeleton within a growth cone, it
 may also activate signaling pathways that stimulate axonal retraction. These pathways would communicate retrograde
 transport signals to the motor proteins hauling mitochondria resulting in the net translocation of these organelles away
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 from the growth cone and eventually out of the axon.
It is unknown whether this decrease in mitochondrial concentration is exclusively a consequence of mercury

 exposure or a contributing factor to the observed axonal retraction in mercury exposed neurons (Chada and Hollenbeck,
 2003 and Pamphlett and Png, 1998). If the observed mitochondrial behaviors are caused by retraction signaling
 pathways further research should investigate whether induced persistence of mitochondrial concentrations in mercury
 treated axons can counteract retraction signals that stimulate cytoskeletal depolymerization. This research would lead to
 a better understanding of mercury toxicity, possible immediate treatments for those recently exposed to mercury, and
 possible insight into the mechanisms of the neurodegeneration associated with Alzheimer’s.
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