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Introduction:
            In this study, we examined the axonal distribution and transport of mitochondria in chick sympathetic neurons

 exposed to the teratogen, mercury and a control. Mercury is known as a neurotoxicant that can interfere with neuron

 growth and development (Medical Device Materials Toxicology.) In Leong et al.’s study, 2000, it was found that

 neuron growth cones exposed to mercury resulted in disrupted microtubule-tubulin polymerization. In terms of

 organelle transport, mitochondria are an ideal subject to study because their complex movement along the axon

 includes pauses and changes in direction makes them easy to find with the use of vital florescent dye (Hollenbeck &

 Saxton, 2005.)

Mitochondria are essential to the cell in that they produce the cell’s primary energy source ATP, buffer cytosolic

 calcium, function in aerobic metabolism, and are involved in factors contributing to apoptosis (Hollenbeck & Saxton,

 2005.) The prominence and range of mitochondria function, specifically defects mitochondria transport may contribute

 to disease in the nervous system (Hollenbeck & Saxton, 2005.) Evidence suggests that mitochondria may be involved

 in neurodegenerative diseases Alzheimer’s and Parkinson’s any may also provide targets for therapeutic treatment

 (Cassarino & Bennett, 1999.) In addition to being essential to the cell, axonal transport of mitochondria can indicate

 axonal transport of other organelles as well.

            To study the movement of mitochondria exposed to mercury, sympathetic neurons from a 9-11 day old chick,

 Gallus gallus, were exposed to either a control solution or a mercury solution. Chick sympathetic neurons were treated

 with either an experimental mercury solution of 10 nM of HgCl2 in HBSS or a control solution of 0.5% HCl in HBSS.

 Mitochondria were fluorescently labeled by treating both control and experimental neurons with a solution of

 Rhodamine-123. Mitochondria transport was observed from time-lapse fluorescent images.

Mitochondria transport can move in the anterograde direction, towards the nerve terminal with the use of the

 motor protein kinesin or in the retrograde direction, away from the nerve terminal and towards the cell body with the

 use of the motor protein dynein (Hollenbeck, 1996.) Motor proteins kinesin and dynein move towards the plus and

 minus ends of microtubules, respectively (Hollenbeck, 1996.) Mitochondria movement depends on the microtubules

 that the motor proteins move on in the axon. The interference of microtubule-tubulin polymerization found in neuron



Introduction:

http://icuc.wheatoncollege.edu/bio324/2008/ckarpow/index.htm[9/1/2015 4:19:39 PM]

 growth cones exposed to mercury in Leong et al.’s study, 2000, provides evidence that mitochondria transport and

 movement, which is dependent on microtubules, may be impeded by exposure to mercury. Therefore, in this study, we

 tested the hypothesis that exposure to mercury will impede mitochondria transport and movement (Hollenbeck, 1996

 and Leong et al., 2000.)

Materials:
 
Sympathetic chick neurons from 9-11 day old chick eggs
37° C incubator
Forceps (Sharp and blunt)
Pasteur pipettes
Dissecting Microscope
Nikon Eclipse 80i Microscope
Spot RT power supply
Spot RT color camera
Xcite 120 EXFO Fluorescence Illumination System
ASI focus motor control (optional)
Uniblitz shutter control box, model VMM-D1 shutter driver
Macintosh G4 computer with OS X 10.2
Laminin
Trypsin
Poly-K
Sterile H2O
Rhodamine-123 vital fluorescent dye
Glass slides
Cover slips
Hanks Balanced Saline Solution (HBSS)
F+ Growth Medium
Glutamine
Fetal bovine serum
Petri dishes (110 mm & 25 mm)
Kim wipes
Ethanol (EtOH)
Aluminum foil
 
Methods:
Dissection/ Primary Culture of Chick Sympathetic Neurons

            To obtain 9-11 day old chick embryos, eggs were placed in 37° C incubator for 9-11 days. Sterile technique was

 used throughout the dissection of chick embryos. Before dissection, chick eggs were sterilized with EtOH. Once dry,

 sterile forceps were used to gently crack the eggshell on the wide end and lift out embryo. Embryo was placed in

 110mm Petri dish containing ~5 mLs of HBSS and placed on the stage of dissecting microscope. Using sterile forceps

 the head and limbs were removed and the chick embryo was positioned dorsal side up to carefully remove tissue and

 viscera to expose spinal cord. Sympathetic chains and dorsal root ganglia (DRGs) were gently teased away from spinal

 cord and dissected ganglia were placed in 25 mm Petri dish containing HBSS. (Hollenbeck & Morris, Laboratory
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 Manual 2008.)

Dissociation of Ganglia

            Ganglia were washed 2x with HBSS to remove debris. HBSS was removed and replaced with trypsin solution

 (Ca/Mg0-free HBSS containing 0.25% trypsin) and incubated at 37° C for 15-20 minutes. The trypsin was then

 carefully removed and the ganglia were dissociated into single cells by triturating with a Pasteur pipette in a small

 volume of HBSS. (Hollenbeck & Morris, Laboratory Manual 2008.)

Preparation of Laminin Substratum

            Glass cover slips were sterilized with EtOH and heated in oven. Sterile cover slips 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 37° C for 20 minutes. (Hollenbeck & Morris, Laboratory Manual 2008.)

Plating Cells

            Cover slips were rinsed with HBSS and 1 mL of F+ growth medium per ganglia were dispensed on cover slips.

 Cover slips were then placed in the 6 dish well of the centrifuge and centrifuged at low speed for 30 minutes and placed

 in 37° C incubator. (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 37° C 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 37° C for 10-15 minutes. The Rhodamine-123 solution was then

 removed with a pipette and cover slips were washed with HBSS.

Fluorescent Imaging:
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            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 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

            Time-lapse images were quantified using ImageJ software. Time-lapse images were opened in ImageJ by

 selecting the images in the Finder window and dragging them to the ImageJ icon on the dock or holding the ctrl button

 while clicking the mouse and opening the selected images with the ImageJ application. Time-lapse images of a single

 cell were each converted to stacks by clicking the Image tab, selecting the Stacks option, and clicking “Covert Images

 to Stacks.” To enhance the visibility of mitochondria both the background and the fluorescently labeled mitochondria

 were adjusted to enhance the mitochondria visibility in the image. Each image of the stacks was optimized in this

 manner using the Brightness/ Contrast tool found under Adjust option in the image tab of ImajeJ. To quantify, the

 position and displacement for the visible mitochondria were found from careful, frame-by-frame observation of the

 stacks and recorded for each image in the stack. Movement was determined from the stacked time-lapse images, by

 whether a given mitochondria showed anterograde displacement, away from the cell body, retrograde displacement,

 towards the cell body, both anterograde and retrograde displacement, or remained stationary by showing no

 displacement. Mitochondria displacement was found using the polygon tool in ImageJ to calculate the length the

 mitochondria displaced from on image in the stack to another image. For both movement and displacement, only the

 mitochondria visible in the images throughout the 6-minute time frame were quantified. The percent of mitochondria

 exhibiting each of the movements listed above were calculated for control and experiment mitochondria and the mean

 anterograde and retrograde displacement was calculated and graphed for control and experiment mitochondria.

Trials
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            This study was performed over the course of 4 weeks, which were not necessarily consecutive. On each day of

 experimentation, anywhere from 1-3 control and 1-3 experimental cover slips, or 2-6 cover slips total, were prepared by

 mercury or control application, Rhodamine-123 application, fluorescent imaging, and quantification. Over the course of

 the study, 8 control cover slips and 8 experimental cover slips were treated, imaged, and quantified. 8 control trials and

 8 experimental trials were preformed.

Results:
            Time-lapse fluorescent images showing the mitochondria in a cell at 40x magnification are shown in the Figures

 below at times 0, 2, 4, and 6 minutes. Figures 1, 2, 3, and 4 are the ideal time-lapse fluorescent images of a cell treated

 with the control solution and Figures 5, 6, 7, and 8 are the ideal time-lapse fluorescent images of a cell treated with the

 experimental mercury solution.
Figure 1

Control time-lapse image, 0 minutes
 
Figure 2
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Control time-lapse image, 2 minutes
 
Figure 3

Control time-lapse image, 4 minutes
 
Figure 4
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Control time-lapse image, 6 minutes
 
Figure 5

Experiment time-lapse image, 0 minutes
 
Figure 6
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Experiment time-lapse image, 2 minutes
 
Figure 7

Experiment time-lapse image, 4 minutes
 
Figure 8
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Experiment time-lapse image, 6 minutes
 
            Over the course of the study, we used 2-6 plated cover slips with cells. Depending on number of plated cover

 slips we used on a given week, we treated 1-3 cover slips with the control solution and 1-3 cover slips with the mercury

 solution. The number of mitochondria that were quantifiable for movement from the 8 control cover slips and the 8

 experimental cover slips are shown in Table 1 below.

Table 1
n values for Number of Mitochondria Quantifiable for

 Movement  
Control 25

Experimental 24
 
            From the time-lapse images of the cells, mitochondria movement was categorized as stationary, anterograde,

 retrograde, or both anterograde and retrograde. Stationary mitochondria did not exhibit any observable displacement.

 Anterograde mitochondria exhibited observable displacement moving away from the cell body. Retrograde

 mitochondria exhibited observable displacement moving towards the cell body. Mitochondria that moved both

 anterograde and retrograde exhibited observable displacement in both directions. Table 2 below shows the percentages

 of control and experimental mitochondria exhibiting each of these movements. The increase of anterograde only

 movement and the decrease of retrograde only movement in experimental mitochondria seen in Table 2 are of interest.

Table 2
Percentage of Stationary and Directional Movement in
 Mitochondria from Control and Experiment Cells  
  % Of Mitochondria  
 Control  Experiment
Stationary 40.0  37.5
Anterograde 16.0  25.0
Retrograde 32.0  25.0
Anterograde & Retrograde 12.0  12.5
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Table 3 shows the percent difference between control and experimental mitochondria for each movement. It is

 worth noting the percent differences of anterograde only movement and retrograde only movement.

Table 3
  % Difference Between  
  Control and Experiment Mitochondria  
Stationary  6.5  
Anterograde  43.9  
Retrograde  24.6  
Anterograde & Retrograde  4.1  

 
            To determine how significantly the movement of mitochondria in the experimental group deviated from the

 movement of mitochondria in the control group, a chi-squared analysis was preformed. In this analysis, the movement

 of mitochondria in the control group was considered expected and the movement of mitochondria in the experimental

 group was considered observed. The chi-squared value is found in Table 4 below.

Table 4

  
(Experiment-Control)2/

 Control
Stationary  0.2
Anterograde  5.1
Retrograde  1.5
Anterograde & Retrograde  0.0
 x2= 6.8

 

x2 = 6.8, with 3 degrees of freedom.

p = 0.08, indicating that the chance of seeing these data if the null hypothesis was correct is greater than 5%. Therefore,

 the null hypothesis that the percent of experimental mitochondria exhibiting a movement do not significantly deviate

 from the percent of control mitochondria exhibiting the same movement must be retained.

            Table 3 illustrates a greater percent difference between control and experimental mitochondria exhibiting

 anterograde only and retrograde only movement. A chi-squared analysis was preformed for these two movements only

 to determine if the experimental mitochondria moving in these directions deviated significantly from the control

 mitochondria moving in the same direction. The chi-squared value for anterograde only and retrograde only movement

 is shown in Table 5.

Table 5

  
(Exp.-Con.)2/

 Con.
Anterograde  5.1
Retrograde  1.5
 x2= 6.6
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x2 = 6.6, with 1 degrees of freedom.

p = 0.023, indicating that the chance of seeing these data if the null hypothesis was correct is less than 5%. Therefore,

 the null hypothesis that the percent of experimental mitochondria exhibiting a movement do not significantly deviate

 from the percent of control mitochondria exhibiting the same movement must be rejected.

The number of mitochondria that were quantifiable for displacement in both control and experimental groups are

 shown in Table 6 below.

Table 6
n values for Number of Mitochondria Quantifiable for

 Displacement  
Control 7

Experimental 6
 

Figure 9 shows the mean anterograde and retrograde displacement of mitochondria in both control and

 experimental cells. Mitochondria from the control group that moved in the anterograde direction were stationary until 4

 minutes of heat, whereas control mitochondria that moved in the retrograde direction showed movement throughout the

 6 minutes of heat exposure. Of the quantifiable experimental mitochondria, the only retrograde movement that was

 quantified ceased after 4 minutes of heat exposure. As shown in Table 2, experimental mitochondria did show

 anterograde movement, however, the displacement of experimental anterograde movement was not quantifiable.

Figure 9

Discussion and Conclusions:
            Exposure to mercury in chick sympathetic neurons did not impede mitochondria transport and movement as
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 hypothesized, however, exposure to mercury resulted in a 43.9% increase in the percent of mitochondria moving in the

 anterograde direction and a 24.6% decrease in the percent of mitochondria moving in the retrograde direction (Tables 2

 & 3.) To conclude, exposure to mercury increases anterograde movement of mitochondria, which is driven by motor

 protein, kinesin and decreases retrograde movement of mitochondria, which is driven by motor protein, dynein in

 neurons (Hollenbeck, 1996.)

A chi-squared analysis was preformed to determine the significance of the deviation of the experimental group

 from the control group for stationary, anterograde, retrograde, and both anterograde and retrograde movement. Based

 on the chi-squared analysis, there is an 8% probability of seeing these results if the null hypothesis that the percent of

 experimental mitochondria exhibiting a movement do not significantly deviate from the percent of control mitochondria

 exhibiting the same movement is correct. This 8% probability is above the 5% level of significance, thus, the

 movement of experimental mitochondria exposed to mercury, do not significantly deviate from the movement of

 control mitochondria (Table 4.) The greatest percent difference between control and experimental mitochondria is

 found for mitochondria moving in anterograde only and retrograde only (Table 3.) When a chi-squared analysis was

 preformed for these movements alone, the probability of seeing these results if the null hypothesis is correct is 2.3%,

 which is less than the 5% level of significance, demonstrating that the difference between anterograde only and

 retrograde only movement in control and experimental mitochondria is significantly different (Table 5.)

            Anterograde displacement of mitochondria in control cells was not observed until after 4 minutes of heating,

 whereas retrograde displacement in control cells was observed throughout the entire 6 minutes of heating (Figure 9.)

 Only retrograde displacement of mitochondria was quantified in cells exposed to mercury and ended after 4 minutes,

 but anterograde displacement was not quantifiable due to Rhodamine-123 bleaching of the mitochondria (Figure 9.) It

 is possible that these results suggest the nature of anterograde and retrograde displacement in mitochondria, however it

 is more likely that they are not an accurate representation due to the small number of quantifiable displacements.

            The time-lapse images obtained for control cells and cells exposed to mercury provided clear data as to whether

 the mitochondria were stationary or moved in the anterograde or retrograde direction. The time-lapse images did not

 allow for displacement quantifications for all anterograde or retrograde moving mitochondria due to photo bleaching of

 the Rhodamine-123 marking the mitochondria. However, stationary, anterograde, and retrograde mitochondria

 movement and the displacement of anterograde and retrograde mitochondria were obtained from the mitochondria that

 were visible on the time-lapse images. The mitochondria that were not visible on the time-lapse images were obviously

 not quantified. In other words, the method for choosing which mitochondria to quantify for both stationary,

 anterograde, and retrograde movement and the displacement of anterograde and retrograde movement was consistent
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 throughout the study, in that only the mitochondria visible on the time-lapse images were quantified.

            If this experiment was preformed enough times to yield a large enough sample size and statistically significant

 experimental divergence from the control, it could then be concluded that exposure to mercury in neurons facilitate

 mitochondria movement in reference to the lower percentage of stationary mitochondria in cells exposed to mercury

 (Table 2.) Anterograde movement would be especially promoted as opposed to retrograde movement, which would be

 impeded (Table 2.) Exposure to mercury would also marginally facilitate mitochondria moving in both anterograde and

 retrograde directions (Table 2.) In addition, the retrograde displacement of mitochondria in cells would be impeded by

 exposure to mercury (Figure 9.)

            Since kinesin is the motor protein that drives anterograde movement, and anterograde movement of

 mitochondria increases in neurons exposed to mercury, from a cellular standpoint, mercury may facilitate kinesin

 activation or inhibit kinesin regulation. Likewise, since dynein is the motor protein that drives retrograde movement,

 and retrograde movement of mitochondria decreases in neurons exposed to mercury, mercury may inhibit dynein

 activation or facilitate dynein regulation. It has been found that mitochondria transport on microtubules is different than

 mitochondria transport on microfilaments, in that microtubules support net anterograde movement and microfilaments

 support net retrograde movement (Morris & Hollenbeck, 1995.) Therefore, it is possible that exposure to mercury has a

 promoting effect on microtubules and a degrading effect on microfilaments.

            Mitochondria transport is driven by ATP consumption; therefore, mitochondria are transported to regions of the

 neuron requiring energy and where ATP will be consumed (Hollenbeck, 1996.) Once mitochondria reach the

 appropriate region of the neuron, they exhibit a “docking” function where they remain stationary (Hollenbeck, 1996

 and Hollenbeck & Morris, 1993.) From a cellular standpoint, exposure to mercury could possibly interact with neuronal

 energy and ATP consumption, resulting in fewer mitochondria to remain stationary or “dock,” increasing the amount of

 anterograde movement, and decreasing the amount of retrograde movement. Since the results for the direction of

 movement in control cells and cells exposed to mercury, exposure to mercury may also have no affect on ATP

 consumption in the cell.

            Future experiments may include examining the effects of mercury on the direction of mitochondria movement

 while simultaneously examining the effects of mercury on microtubules or microfilaments in the same neurons to see if

 mitochondria movement is related microtubules or microfilaments and the related motor proteins, kinesin and dynein.

 To see a greater effect of mercury on mitochondria movement and displacement in neurons, using a higher

 concentration of mercury solution may have a greater effect in future experiments. Also increasing the amount of time

 between time-lapse images to at least 5 minutes may produce more obvious movement and displacement results



Introduction:

http://icuc.wheatoncollege.edu/bio324/2008/ckarpow/index.htm[9/1/2015 4:19:39 PM]

 without creating a greater risk of Rhodamine-123 bleaching. Based on my research, there are a minimal amount studies

 that have been conducted on the effects of mercury in neurons, hence, there is little to no previous research to compare

 the conclusions from this study to.
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