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Introduction:

Mercury exposure in everyday life from chemical factories and other sources is becoming a problem due to its

 detrimental effects on the nervous system, mainly because mercury can cross the blood brain barrier and bind to

 microtubules in neurons (Benoit, 2011). Previous research with neurons has found that mercury exposure interferes

 with microtubule polymerization but did not consider what is going on in the underlying structure for this to occur

 (Leong, 2000).

Similar research has found the effects nocodazole and cytochalasin have on axons by eliminating microtubules and

 microfilaments, respectively, blocking their outgrowth. In cells that no longer had microtubules, the mitochondria did

 not travel anterogradely; they traveled retrogradely on microfilaments (Morris & Hollenbeck, 1995). Microtubules and

 microfilaments are not the only determinates of microtubule transport; the motors kinesin, for anterograde movement,

 and dynein, for retrograde movement, also play a role. In a study performed by the same researchers, it was found that

 once axonal growth was blocked there was a drop in anterograde movement of mitochondria while retrograde

 movement did not change (Morris & Hollenbeck, 1995). With what is known about blocking axonal outgrowth through

 other means it seems plausible that these same results will occur in neurites that are exposed to mercury.

In this study, 10-day domestic chick, Gallus gallus, sympathetic neurons were treated with mercuric chloride solutions

 and the movement of mitochondria was quantified as time progressed. It is hypothesized once exposed to mercury,

 mitochondria in a sympathetic chick neuron will travel a greater total distance retrogradely at a greater speed compared

 to cells not exposed to mercury.

Materials and Methods:
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Materials

Materials used in this experiment were chick sympathetic neurons, coverslips, slides, Rhodamine 123 (R123), mercury

 working solution (HgCl2), Hanks solution (HBSS), DMEM, valap, Spot Advanced software, ImageJ, and Capricorn

 computer in the ICUC of Wheaton College in Norton, MA. A more detailed list of materials can be found (Morris,

 2011a; Morris, 2011b; Morris, 2011c).

Neuronal Cell Culture, Mercury Treatment, and Vital-stain Fluorescence Microscopy

Sympathetic neurons were dissected from 10-day old chick embryos, dissociated, and grown on coverslips as described

 (Morris, 2011a). Once the coverslip incubated for one day the cells used as control were treated for fluorescent vital

 staining as described (Morris, 2011c). One coverslip with cells was used as a control not being exposed to mercury and

 a second coverslip with cells was used for experimental data for after mercury exposure. HBSS was not always

 available so DMEM was also used for buffer washing. A concentration of 1µg/ml of R123 was used for labeling

 medium. For the experimental cells, after they were washed with HBSS or DMEM, a pipette of HgCl2 with

 concentration of 100nM was added to the cells for 15 minutes. After 15 minutes the coverslip was put on a slide

 creating a chip chamber the same way it was done for the control cells. Fifteen minute exposure was chosen because in

 previous studies, the researchers exposed sympathetic nerve chain ganglia to vinblastine for thirty minutes and

 microtubules in these cells were destroyed at this time interval (Morris & Hollenbeck, 1995); therefore a shorter time of

 fifteen minutes was thought to work better for testing my hypothesis.

Vital-stain fluorescence microscopy pictures were taken on a Mac computer version 10.5.8 with a Nikon Eclipse E400

 microscope imaged through Diagnostic instruments inc. 249222 digital camera with 1.0X C-mount using Spot

 Advanced software version 4.6.1.26 in the ICUC at Wheaton College in Norton, MA as described (Morris, 2011b). The

 samples were viewed at 40x. Once the microscope and computer were set, the shutter was turned to the open position, a

 picture was taken at an exposure of 500ms and the shutter was turned closed. After 5 seconds the fluorescence was

 turned on again and another picture taken. This process was done for both the control and experimental cells.

Quantifying Mitochondrial Movement

The photos taken were uploaded into the software program ImageJ. By using the LUT I/O table every picture was set to

 a minimum and maximum brightness of 41 and 122. Before quantifying, every picture was magnified to 150%. At a

 region of the picture, where mitochondria were found, a point with x and y coordinates was selected as a fixed point of
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 reference for that region. A segmented line tool was used to measure the distance from the fixed point to the closest end

 of a mitochondrion. The length in pixels was recorded and this procedure was done for the rest of the mitochondria in

 that region. If another region on the picture was of interest a different fixed point with its respective x and y coordinates

 was selected and used to measure more mitochondria. This process was done for each of the two pictures taken for the

 control and each of the two pictures taken for mercury exposure. A total of 20 mitochondria were quantified for before

 mercury exposure and a total of 21 mitochondria were quantified for after exposure.

The lengths measured from the latter pictures were subtracted from the measurements taken five seconds earlier

 regardless of direction. An average was calculated for the control data and an average calculated for the experimental

 data. With the data gathered, bar graphs comparing the control experiment to that of the experimental data were made

 and the net movement of mitochondria was calculated. Lastly, a two-sample t test comparing the difference between the

 distance mitochondria traveled before and after mercury exposure was performed.

Results:

The data collected from this experiment show that the movement of mitochondria after 15 minutes of exposure to

 mercuric chloride is greater compared to the movement of mitochondria before mercury exposure (Figure 3). After

 mercury exposure, mitochondria moved at a greater speed compared to before mercury exposure (Figure 4). The speed

 of the mitochondria does not include direction of movement, so when bringing direction back into the equation

 mitochondria before mercury exposure traveled a net distance of 0.801 and after mercury exposure a net distance of

 -0.942. These numbers describe that mitochondria moved in a net anterograde direction before mercury exposure and a

 net retrograde direction after mercury exposure.

A phase image (Figure 1) is significant to present here to show where the axons were located. Figure 2 is also

 significant to include to show how the mitochondria were quantified. It should be noted that only a fluorescent image of

 the mitochondria after mercuric chloride exposure is presented here to show what the fluorescent image looked like

 since to the naked eye the fluorescent images of before and after mercury exposure look the same. But there were four

 fluorescent pictures taken in total for the control and experimental cells looking much like Figure 2.

Lastly, when performing a two-sample t test of the average total distance traveled before and after mercury exposure,

 the p-value came out to 0.580. Therefore, this data is not statistically significant.
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Figure 1. This image represents the phase picture of axons after 15 minutes of mercuric chloride exposure. The axons

 are projecting down from the top of the image.

 

Figure 2. This image represents the fluorescent picture of axons with mitochondria after being exposed to mercuric

 chloride for 15 minutes with labeling agent R123. The axons are projecting down from the top of the picture and the

 bright spherical objects are mitochondria contained within the axons.
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Figure 3. This bar graph compares the average number of pixels mitochondria traveled before and after mercury

 exposure. It is clear that mitochondria after mercury exposure traveled a greater number of pixels. The total number of

 mitochondria quantified before mercury exposure was 20 and the total number of mitochondria quantified after

 mercury exposure was 21.

 

Figure 4. This bar graph compares the average speed of mitochondria before and after mercury exposure. It is clear that

 mitochondria after mercury exposure traveled at a greater speed. The total number of mitochondria quantified for

 before mercury exposure was 20 and the total number of mitochondria quantified after mercury exposure was 21.

 

Discussion:
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From these data I cannot accept my hypothesis that mitochondria travel a greater total distance after being exposed to

 mercury compared to before exposure due to the high p-value of 0.580. Mercury does not seem to have a significant

 effect on the motors transporting mitochondria along the axon. However, a sample size of 41 mitochondria is small

 relative to the amount present in an axon so there could be a difference that was not seen in the data pooled. If this same

 data occurred with statistically significant evidence then the average total distance traveled after mercury exposure

 would be greater than before exposure. Since cells exposed to mercury in this study had a net retrograde movement of

 -0.942 pixels, mercury may have degenerated kinesin motors inhibiting mitochondrial movement anterogradely (Morris

 & Hollenbeck, 1993). Dynein is used predominately for retrograde movement (Pilling, Horiuchi, Lively & Saxton,

 2006), so it seems possible that mercury had no effect on these motors.

In 1995, during axonal growth blockage, a higher net transport rate of mitochondria were seen on microfilaments than

 on microtubules tripling the retrograde movement on microfilaments (Morris & Hollenbeck, 1995). This could explain

 the greater speed mitochondria had in cells that were exposed to mercury moving in retrograde direction, comparable to

 what was seen in Morris & Hollenbeck, 1993. Again, kinesin may have been degenerated by mercury leaving a

 majority of dynein transporting mitochondria retrogradely.

An error that was believed to have been made was not keeping the cells at 37°C. In the classroom setting, microscopes

 with fluorescent imaging were not available for every group. There were times where we had to wait a long time for a

 microscope, especially for the cells exposed to mercury. A heater was also not used at this time so it is very possible

 that our cells were drying out deviating from the true results that could have been seen (Grulke, 2011). Therefore, in

 future studies it should be certain to keep the cells at 37°C. Also for future studies, the time between the two pictures

 could be extended giving the mitochondria more time to travel and potentially showing a greater difference between

 before and after mercury exposure.
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