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Introduction
            Neuronal growth cones have been observed moving in a retrograde manner in the
 presence of mercury ions at concentrations similar to mercury levels found in vivo after
 chronic exposure (Leong et al., 2000). This observation in conjunction with the
 observation of increased amounts of mitochondria near growth cone terminuses (Morris,
 1993) led me to postulate if retraction of the mitochondria occurs, and if that retraction
 occurs at a greater or lesser rate than the retrograde movement of the axon terminus. With
 these concepts in mind, this experiment is designed to test whether or not the cell actively
 pulls back its organelles within the axon, such as mitochondria, in the presence of mercury.
 Otherwise, it can be concluded that the organelles are not transported independently
 towards the cell body as the membrane retracts.
         It has been well observed and documented that growth cones of sympathetic nerve
 cells retract in the presence of Hg at a concentration of 100nM HgCl2 (Leong et al., 2000).
 Thus the concentration of HgCl2 used in the experiment will be 100nM HgCl2. Likewise
 the use of Rhodamine 123 stain to observe mitochondria has been proven a successful
 method and will be used in this experiment to follow the mitochondria within the axons of
 the nerve cells that will be studied. The system that will be observed in this experiment
 will be sympathetic nerve cells, which will be grown on laminin cover slips, isolated from
 9-11 day old embryonic chicks. Chick sympathetic nerve cells will be used because they
 are relatively easy to isolate, grow in culture, and are inexpensive while still acting as a
 model for nerve cell studies.
         Researchers support the hypothesis that the distribution of mitochondria within an
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 axon is relatively uniform in the absence of nerve growth factor, NGF (Chada and
 Hollenbeck, 2003, Morris and Hollenbeck, 1993). Conversely, in the presence of NGF
 mitochondria will accumulate at the sire of the NGF, thus mitochondria are observed in
 high quantity at the ends of growth cones (Morris and Hollenbeck, 1993). This study looks
 to answer the question: what happens to those mitochondria as the growth cone at which
 they are positioned degrades due to the presence of Hg ions?

It is the aim of this study to not only observe the retrograde movement of the axon
 terminals, but also observe the movement of the mitochondria within the retracting axons,
 and compare the rates of retrograde movement at which the mitochondria travel versus the
 axon terminus. It is the hypothesis of this study that the mitochondria and other organelles
 associated with developing growth cones will be actively signaled and returned to the cell
 body. Mitochondria are essential for the survival of the cell and therefore the cell will
 make an attempt to retain these organelles.

This is an interesting topic because mercury has such devastating effects on nerve
 cells and concentrations of Hg are increasing in fish populations and human consumption.
 Today people are exposed to mercury, as organic or inorganic compounds, through
 unintentional ingestion or inhalation as well as exposure during dental and other medical
 practices (ATSDR, 1999). It would be interesting to see if the nerve cells take measures to
 try and ensure survival in the presence of Hg ions by recalling their necessary organelles
 back to the cell body.

In this study, I will be exposing one set of neurons to 0nM HgCl2, as a control, and
 the other set will be exposed to 100nM HgCl2, as the experimental. Images will be taken
 using fluorescent light to observe the retrograde movement of both the membrane of the
 axon terminus and the mitochondria within that axon.

Materials and Methods
Materials:
Immature Nerve Cells from Neuronal Isolation
Laminin Substrata Cover slips
Hanks Balanced Salt Solution (HBSS)
Rhodamine 123 1:1000 in Growth Medium
Growth Medium
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Mercury Chloride Solution(s) 0nMHgCl2 and 100nMHgCl2 (control and Leong et al,
 2000)
Pipettes
Valap
Waste Beaker for Hg Solution
Slide and Glass Pieces for Chip Chamber
Tweezers to Handle Cover slip
Petri Dish for Cover slip
 
Equipment:
Area Heater for Microscope
Microscope Capable of Detecting Rhodamine 123 (Nikon Eclipse 80i, with Uniblitz
 Electronic Shutter)
Computer and Imaging Hardware, (Diagnostic Instruments Spot RT color)
Image Capture Software (Spot Advanced Mac: Version 4.1)
Image Editing Software (Adobe Photoshop 7.0)
Incubator @ 37C
Heater for Valap
 
Methods:

In order to test the hypothesis of the relationship between mitochondrial and
 membrane retraction in nerve cells in the presence of mercury ions, the following protocol
 was formulated. Nerve cells were isolated from 9-11 day incubated chicks, suspended in
 HBSS, and incubated on cover slips consisting of a laminin substrata as expressed in
 "Primary Culture of Chick Embryonic Peripheral Neurons" by P.J. Hollenbeck with
 modifications by R.L. Morris. These cultures were isolated and placed in incubation on the
 weekends by Professor Morris and used in trials on Tuesdays.
The Following Is The Protocol Used For Preparing and Observing the Slides. The
 Following Protocol Was Formulated By Celeste Karpow and Her Collaborators and Can
 Be Found In Celeste Karpow’s Work, “Mitochondria Transport in Chick Sympathetic
 Neurons Exposed to Mercury” 2008.
 
Preparation of Laminin Substratum
            Glass cover slips were sterilized with EtOH and heated in oven. Sterile cover slips
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 were coated with poly-k by placing one on a drop of poly-k on the inside lid of a 110 mm
 Petri dish for 10 minutes. Cover slips were rinsed with sterile H2O and then left to dry.
 Once dry, cover slips were coated with laminin in HBSS in 25 mm Petri dishes and
 incubated at 37C for 20 minutes. (Hollenbeck & Morris, Laboratory Manual 2008.)
 
Mercury Application
            Cover slips prepared as described above, with dissociated cells in growth medium
 were removed from the incubator and assigned as either control or experiment. Control
 cover slips were treated with approximately 1 mL of 1:1000 of 0.5% HCl in HBSS and
 experiment cover slips were treated with approximately 1 mL of 1:1000 of 10 nM of
 HgCl2 in HBSS and incubated at 37C for 20 minutes. After incubation control and
 experiment solutions were removed and discarded in the appropriate bottles.
Rhodamine-123 Preparation and Application
            25 mg of Rhodamine-123 was put into solution with 2.5 mL of DMSO, yielding 10
 mg of Rhodamine-123 per mL. This was then diluted 1:10 in DMSO, yielding 1 mg of
 Rhodamine-123 per mL, which was further diluted to 1:1000 in F+ growth medium by
 adding 6 µL of Rhodamine-123 to 6 mL of growth medium in a test tube. The test tube
 was covered with aluminum foil to prevent photo bleaching. Approximately 1 mL of the
 1:1000 solution of Rhodamine-123 in growth medium was added to control and
 experiment cover slips. The Petri dishes containing the cover slips were wrapped with foil
 and incubated at 37C for 10-15 minutes. The Rhodamine-123 solution was then removed
 with a pipette and cover slips were washed with HBSS.
Fluorescent Imaging:
            Chip chambers were prepared on labeled slides for each control and experiment
 cover slip. At the Nikon Eclipse 80i microscope, the stage heater, Xcite 120 EXFO light
 source (blue switch), Spot RT camera supply (red switch), microscope power (black
 switch), ASI focus motor control, Uniblitz shutter control box (power in back left), and
 Mac G4 computer were all turned on. Also on the front of the Uniblitz shutter control box,
 the switch on the front is switched to N.O. (from N.C.) Slides were placed on microscope
 stage, cells were focused at magnification 40x and the condenser was set to Phase 2 to
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 match 40x objective. The image was then viewed and focused on the computer by pulling
 the bino pin completely out opening the Live image on the Spot software, version 4.1.3.
 Once focused on the computer the transmitted light on the bottom was covered with foil,
 the Spot Camera was switched to the Rhodamine-123 setting on the computer. An image
 was then captured on the computer in Spot while the fluorescent lever on the microscope
 was simultaneously moved from position C to position O and immediately back to position
 C after exposure. A fluorescent image was captured every 2 minutes for a total of 6
 minutes for each cell to construct a time-lapse image.
 
Quantification
         The method used for quantifying data required digital images of the stained cells, and
 a mechanism for measuring distances, ImageJ. Since the cells were incubated in the 1:1000
 solution of Rhodamine 123 in Growth Medium, Rhodamine 123 entered the cells. The
 excess Rhodamine 123 in the extra cellular solution was then removed and the cells were
 washed with HBSS. It was through this washing step that, not only were the mitochondria
 visible, but also the cell membrane had a green tint as well because there was excess
 Rhodamine 123 in the cytoplasm of the cells but no traces of Rhodamine outside. The
 difference in Rhodamine concentration inside the cells compared to outside allow me to
 distinguish the terminus of the axon growth cone from the growth medium when observed
 in the images. The cell’s membrane had a green tint whereas the growth medium was black
 in the images.

The measurements were taken using the segmented line tool in the ImageJ program.
 Measurements of the cell membrane were taken first. To do this the images were adjusted
 so that the difference between the cell and the medium was most clearly defined. Using the
 segmented line tool, a point was established on the axon as the leading edge of the growth
 cone. Mitochondria within the axon were used to trace the length of the axon by
 establishing points at the leading edge and lagging edge of each encounter see figure 1.
 Finally, an easily identifiable reference point was established as an endpoint and the
 segmented line was measured using the measuring feature built into the program. This
 mode of measuring the length of the axon was repeated 3 times for each axon measured to
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 ensure that the estimation of distance was as accurate as possible. The three measurements
 were then averaged to account for ambiguous edges. This method was repeated for each
 image (time=0, 2, 4, 6) of each experiment (day 5, 6, 7) and each control (day 5, 6).

Similarly, measurements of the mitochondrial distances from the reference point
 utilized the same segmented line tool within ImageJ. In this case, the first point was
 established as the far edge of the mitochondria relative to the cell body. Connecting points
 were established using the same technique as in the axon length measurements. The same
 reference point was used as an endpoint for both the axon length measurement and
 mitochondrial distance measurement. Like the axon length measurements the
 measurements for mitochondrial distance were done in triplicate and averaged to
 compensate for ambiguous edges.

The data collected from these measurements was averaged as mentioned in the
 previous paragraph to give 1 value for each aspect of the experiment evaluated. Using
 these values I was able to compare changes in average length of the axon over the 6-
minute interval, the difference between the intervals, the average distance of the
 mitochondria over the interval, the difference between intervals, and the relationship
 between how fast the mitochondria are moving in relation to the rate at which the cell
 membrane is retracting. To find the overall net movement of the cell membrane the initial
 measurement was subtracted from the final measurement. Likewise for the mitochondrial
 distance, the initial measurement was subtracted from the final measurement to get a value
 representative of antrograde or retrograde movement. The difference between times was
 taken to see the rate at which movement was taking place over the 2-minute intervals. The
 relative rate was then computed by dividing the mitochondrial position by the length of the
 axon; this was computed over the 2-minute intervals as well as over the 6-minute interval.
 Since the length of the axons, and therefore the distance of the mitochondria, varied from
 cell to cell in order to make a comparison across the board as to how much movement was
 taking place a percentage was computed. The formula 100-[(Df/Di)*100] was used to
 show percent movement of the farthest mitochondrion where Df is final distance and Di is
 initial distance. The formula 100-[(Lf/Li)*100] was used to show percent movement of the
 plasma membrane where Lf is the final length and Li is the initial length.
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Results

Figure 1a. This picture shows an axon from the control data set displaying both the fluorescence of the
 mitochondria due to the Rhodamine 123 and the Rhodamine 123 in the cytoplasm. A measurement was taken starting at
 the most terminal end of the axon, tracing the mitochondria, back to the cell body. This image was taken using the 40x
 lens in Phase 2 then resized to fit the page.

Figure 1b. This is an image of the same axon pictured in figure 1a but at the end of the 6-minute observation
 interval. The affects of photo bleaching are apparent, however, the difference between the cell and the medium is still
 visible. This image was taken using the 40x lens in Phase 2 then resized to fit the page

Figure 2a. This image is an example of the images used to quantify the experimental data. The axon was
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 measured from the tip of the axon terminus of the north-north west branching axon. The length of the axon was
 established by tracing the fluorescence of the mitochondria due to Rhodamine 123 back to the major branching point of
 the axon. This image was taken using the 40x lens in Phase 2 then resized to fit the page

Figure 2b. This image depicts the same axon observed in figure 2a, but at the last time interval, 6 minutes. The
 affects of photo bleaching are apparent, but the end of the axon was still distinguishable from the medium so a
 measurement was taken. This image was taken using the 40x lens in Phase 2 then resized to fit the page

After measuring the mitochondrial positions and axon terminals over the 6-minute
 observation interval a few things were apparent. First, it was observed that 2 out of the 3
 axons in the control group had negative values for their retrograde movement percentage.
 Collectively the three percentages of retrograde movement were -1.08%, 3.75%, and
 3.03% respectively for each of the axons measured for the control group. This averages out
 to a -0.12% of overall retrograde movement of the axon terminals. Of the two axons that
 had negative values for their retrograde movement percentage the average was -2.06%.
 However, the third trial cannot be excluded here and the average of all 3 was used, 0.12%,
 as seen in Figure 3.

Also regarding the control data, it was observed that all 3 measured mitochondrial
 fronts decreased in distance from the cell body. As per the quantification method, the
 measurements of the mitochondria were taken from the edge most distant from the cell
 body of the mitochondrion most distant from the cell body. The three measured controls
 showed 14.78%, 2.45%, and 9.39% movement back towards the cell body. The average
 percentage for these 3 trials was 8.88% in the retrograde direction, as seen in Figure 3.

As for the experimental data, retrograde movement was observed across all
 experimental trials for both mitochondrial position and axon terminal length. The average
 percentage of axon terminal retrograde movement was 3.20%. The average percent of
 mitochondrial retrograde movement was 3.726 see Figure 3.
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Figure 3. This graph shows the average percentage of the initial length, or the initial distance, that the axon
 terminus retracted, or mitochondrial front receded. This percentage was calculated by the formula Value= 100-
(Lf/Li)*100 as shown in the quantification section using an N value for each percentage of 3.

 
 

Figure 4. This graph compares the rates at which the mitochondrial front receded in relation to the axon terminus
 retreating in the con troll and experimental groups. This calculation was done by finding the overall differences in
 distances for the control and experimental groups and averaging them, n=3 here as well.

In addition to calculating the percent movement, the rates at which the mitochondrial
 front withdrew in relation to the terminus retracting was calculated by dividing the
 difference between interval measurements of mitochondrial position by the difference
 between interval measurements of axon terminus retraction within the same axon. Across
 the control group, the average rate of mitochondrial movement compared to terminus
 movement was 5.04, meaning the mitochondria retracted 5 times faster than the terminus.
 In the experimental data, the average rate for mitochondrial movement was 1.42 times
 faster than the terminus.
Discussion
         The results gathered from the control images were not expected and require further
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 investigation, but the experimental data may be suggesting that the mitochondrial front is
 retracting at a higher rate than the axon terminus which would then support the hypothesis.
 This data set does not provide any truly convincing conclusions due to the small sample
 size of 3 axons to be measured each, plus, the control data is very surprising. The
 interesting value in the control data is not the average axon terminus length of -0.12%, but
 rather the observed 8.88% mitochondrial front retraction. The negative value for the axon
 terminus makes perfect sense, actually I would have anticipated higher, because the cell is
 in 0nM Hg growth medium. The negative value simply means that the axon terminus is
 moving away from the cell, in other words, the axon is growing. However, why was such a
 large percentage of mitochondrial front movement observed? If the axon is growing
 outward, can it not be assumed the mitochondria at the growth cone should also be moving
 outward? According to Chada and Hollenbeck mitochondria are attracted to nerve growth
 factor (NGF) at growth cone terminals (Chada and Hollenbeck, 2003). However, when
 growth cone activity decreases the organelles, mitochondria included, move retrograde and
 seem to disperse evenly along the axon due to a transition between motile and stationary
 mitochondria and regulation of the anterograde motor activity (Chada and Hollenbeck,
 2003, Morris and Hollenbeck, 1993). Perhaps the phenomenon just described accounts for
 the retrograde movement of the mitochondrial front from the growth cone terminus,
 assuming the growth cone has ceased its activity. However, the differences in
 mitochondrial position relative to the cell body, across intervals, seem too varied to
 support the claim of uniform distribution. Furthermore, the most distal mitochondria are
 the target of the measurements, and the distance that they are traveling would not create
 uniform distribution along the axon. Due to previous data from the works of Chada,
 Morris, and Hollenbeck, I must conclude that this high percentage of retrograde movement
 of the mitochondria, 8.88%, is abnormal and is due to a methodical error. Such a
 methodical error may be due to photo bleaching, where the most distal mitochondria do
 not move, but rather they are no longer visible in the later pictures and thus cannot be
 measured. This was a slight issue but great effort was made to maintain measurements of
 the same mitochondria, if it was found to be most distal in the first, brightest pictures. It is
 unlikely that such an oversight occurred during measurements, but it is possible.
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         The experimental data showed the mitochondrial front moving an average distance of
 3.72% relative to the initial starting point of the most distal mitochondrion over the 6-
minute time interval. This percentage of distance is greater than the average retraction of
 the axon terminus, which was calculated at 3.20%. However, with an n value of 3, these
 comparisons cannot be generalized. The difference of just over 0.5% does not seem
 statistically significant, especially when the data is looked at more closely. The average
 percent of the initial length of the axon that the axon terminus receded was 3.20%; this
 value is the average of 3 numbers: 1.84%, 2.04%, and 5.72%. The difference in the highest
 and lowest values is 3.88, which is far too large a range when working with such small
 values. The variation between the axon terminus measurements was likely due to the photo
 bleaching of the samples. The mitochondria tended to keep their pigment and were still
 recognizable as the images showed signs of photo bleaching of the sample, but the
 concentrations of Rhodamine 123 within the cytoplasm of the cell became very difficult to
 discern from the growth medium on the slide. The values of the mitochondrial positioning
 were more precise, showing a range of only 1.2. This precision is likely due to the
 amelioration of the effects of photo bleaching due to higher concentrations of Rhodamine
 123 on and around the mitochondria.
         Figure 4 depicts the average rates of mitochondrial movement relative to the rate of
 axon terminus retraction in a ratio, thus a value of 5.04 means the mitochondria are
 retreating 5.04 times faster than the membrane. This value is complicated because the
 average movement of the membrane was actually anterograde, thus how can any
 comparison be made between the rates at which the two parameters are receding when one
 of them is not receding to begin with. The experimental ratio of retraction between the
 mitochondria and the axon terminus is less problematic. The value shows that the
 mitochondria are retreating at a rate 1.42 times faster than the axon terminus. This
 phenomenon could be explained by the lack of NGF at the axon terminus as it is destroyed
 in the presence of Hg ions. The lack of NGF would give the mitochondria a response
 similar to that of a growth cone no longer elongating. When the axon ceases to grow, the
 mitochondria then disperse throughout the axon (Chada and Hollenbeck, 2003, Morris and
 Hollenbeck, 1993). Therefore, the fact that the mitochondria are moving 1.42 times faster
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 than the axon terminus may be due to the rate of axonal transport versus the rate of cell
 degradation in the presence of 100nM Hg. An exciting observation within the data is that
 in all the cells exposed to 100nM HgCl2 all of the axons degenerated and showed
 retrograde movement. This observation shows that the cells observed did act in accordance
 with the literature.
         To refine this experiment, I would recommend changes to the protocol. For example,
 it would benefit the study to view the cells as soon as possible with regards to the
 introduction of the Hg solution. This would require incubating the neurons in 2ml
 Rhodamine 123 for 10 minutes then rinsing with HBSS three times. Then place the cover
 slip on the chip chamber with a drop or two of 100nM HgCl2 in HBSS solution. The
 microscope should be prepared and a heater maintaining 37C on the observation tray.
 When the slide is placed on the scope and focused a time lapse-imaging method should
 begin and continue for roughly 30 min. Using this protocol, the retraction of the growth
 cone and mitochondria will be more prominent and quantifiable. The old protocol called
 for a 30-minute incubation of mercury solution followed by a 10-minute incubation of
 Rhodamine 123 then the creation of the chip chamber. This sequence of events plus
 finding the cells and focusing them and the computer program likely took upwards of an
 hour. That means the first images of the mercury treated cells are taking place an hour after
 the introduction of the mercury solution. According to Leong et al., significant retrograde
 events can occur in as little as 15 minutes from the introduction of mercury using the same
 concentration used in this experiment, 100nM (Leong et al., 2001). This means that a
 considerable amount of information about the retrograde activity of growth cones can be
 learned in the first half hour of exposure and was missed following the protocol put forth
 in the materials and methods section.
         Second, more effort should be made to avoid photo bleaching so that the time lapse
 photographs maintain a greater level of consistency and more precise measurements can be
 taken. Precautions such as turning the lights off while applying the Rhodamine 123
 solution may help, and limiting the exposure of the stained cells under the scope may
 alleviate some of the consequences of photo bleaching. Also, in an effort to increase
 precision, a membrane dye might be instituted so that the measurements of the plasma
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 membrane at the end of the axons could be done more accurately and precisely.
         Future experiments should certainly test this phenomenon with higher n values and
 the adjustments to the protocol as mentioned in the previous paragraph. I would be
 interested to see this study done using fish neurons to see if their exposure has caused
 changes within the nerve cells due to previous, chronic exposure. Hg concentrations are
 certainly affecting fish populations now and perhaps that is where the focus should be at
 this time.
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