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 Introduction
Mercury in all of its organic and inorganic forms is a teratogen to human health (Environmental Protection

 Agency, 2008). This potent neurotoxin has the ability to delay neurological development in neonates, and has been

 proposed to be an environmental risk factor for several neurodegenerative conditions (Monroe et al, 2006). The degree

 of harm to human health is dependent upon multiple factors including the form of mercury, age of individual (the fetus

 being most susceptible) dose, duration and route of exposure (Environmental Protection Agency, 2008). Ionic mercury

 (HgCl2) was the form of mercury used in this experiment. Ionic mercury is found to promote neurological disturbances,

 which in some cases resemble the effects of MeHg (Sirois and Atchison, 1996). HgCl2 can also exert inhibitory effect

 on membrane transport that is generally attributed to its high binding affinity to protein sulfydryl groups (Bondy et

 al.,1979). Animal models have shown behavioral and developmental deficiencies when exposed to metals and it has

 been suggested that these pathologies result from neurotrophic factor signal disruption and altered neural development

 (Leonard et al., 2004).

Microtubules, a primary protein of the cytoskeleton, are composed of polymerized tubulin dimer subunits

 consisting of two polypeptides, alpha-tubulin and beta-tubulin (Cooper et al, 2000). Beta-tubulin binds to GTP

 polymerizing into microtubules while the hydration of GTP into GDP results in the depolymerization of microtubules.

 Microtubules both determine the shape of the cell and function in several movements, including some cell locomotion

 and intracellular transport of organelles (Cooper et al, 2004). Previous studies performed by Pendergrass et al. provide

 evidence suggesting that microtubule metabolism is comprised in the presence of Hg+ ions because mercury inhibits

 GTP nucleotide binding to beta-tubulin , a necessary component of tubulin polymerization (Leong et al, 2000). A study

 performed by Leong et al. concluded that mercury exposed growth cones exhibited a high dissolution of the

 microtubule structure in comparison to controls, indicating that it was most probable that this part of the growth cone is

 affected by the mercury ions resulting in growth cone collapse.
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In this study, I hypothesized that if the chick sympathetic neurons were exposed to mercury then there would be

 a smaller amount of microtubules present. If mercury presence results in microtubule depolymerization, then neurons

 exposed to Hg+ are likely to have a lesser abundance or shorter microtubules. Immunofluouresent staining of tubulin

 presence in neurons and glia was used to quantify mean brightness values. Our research suggested that the mercury-

treated neurons and glia would have a lower mean brightness value compared to the controls.

My collaborator, Reed Hollett studied the effect of mercury on another cytoskeletal filament, actin. By acquiring

 data on both cytoskeletal structures, we gained a better understanding of how mercury may have affected the cell.

           
 
 

Materials and Methods
 
Materials
 
I collaborated with Reed Hollett, Blair Rosetti, Amanda Rawson, Mike Grimaldi, and Mike Ophir in the production of
 PBS, PBS/Tx-100, Fix/perm, Fix alone and Block Buffer
 

The materials that were used in this experiment included Growth Medium, Hank’s Balanced Saline Solution

 (HBSS), HClHBSS, HgHBSS, flame-drawn Pasteur pipette, forceps, small Petri dishes used to plate cells, coverslips,

 10-day-old chicken eggs, 90% EtOH spray bottle, trypsin, incubator, poly-lysine, 30 ml fix/permeabilization

 buffer(30mL L-15, 1.62 ml 37% Formaldehyde, 0.12 ml 25% Gluteraldehyde, 1.2g sucrose, 0.6 ml 25% TX100, 0.3 ml

 and 0.2 M EGTA), Fix buffer (30mL L-15, 1.62 ml 37% Formaldehyde, 0.12 ml 25% Gluteraldehyde, 1.2g sucrose and

 0.2 M EGTA), PBS/Triton x-100 (500 ml PBS and 2.5 ml 100% Tx-100), Block Buffer (50 ml PBS and 1.5 g BSA),

 Actin and Tubulin Ab (1:500 Rhodamine Phalloidin, 1:1000 DM1A), slides, nail polish, humidity chamber with

 pedestals, Nikon Eclipse 80-I microscope, 40x immersion lens, Spot Advanced Imaging software, Image J software,

 and Microsoft Excel.

 
Methods
 
The dissection of primary culture chick embryonic peripheral neurons, dissociation of ganglia and cell plating was
 performed by Professor Robert L. Morris, Wheaton College, 2008.
 
 
Dissection of Primary Culture of Chick Embryonic Peripheral Neurons
 
 

Ten day old chick eggs were first sprayed with 90% EtOH to ensure sterilization. Dull forceps were then used to
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 tap through the shell about a centimeter down from the apex, and the shell was removed, exposing the embryo. Forceps

 were placed gently around the embryo’s neck and carefully lifted out of the shell and into a Petri dish filled with HBSS.

 The head was then removed and returned to the egg shell for disposal. The legs, wings and viscera were then removed

 from the rest of the body with the use of sharp and dull forceps. The embryo was laid ventral side up, and the tissue was

 gently removed, exposing the spinal cord. The sympathetic nerve chains and dorsal root ganglia were then gently

 removed from each side of the spinal cord and placed in 25mm Petri dishes filled with HBSS (Morris, Hollenbeck)
 
Dissociation of Ganglia
 
            The ganglia were washed twice with HBSS, followed by the replacement of trypsin solution (CA/Mg-free HBSS

 containing 0.25% trypsin). The ganglia were then allowed to incubate for 20 minutes at 37 degrees C. Following

 incubation, the trypsin was gently removed and a small amount of HBSS was added to resuspend the ganglia. The

 ganglia were then triturated carefully with a drawn Pasteur pipette until they were dissociated into single cells.

 
Preparation of Substrata and Cell Plating
 
            The coverslips were coated with 1mg/ml poly-L-lysine by placing drops of poly-L-lysine on the inside lid of 110

 mm Petri dishes and placing clean coverslips on top of the drops. The poly-L-lysine coated coverslips were allowed to

 sit for 30 minutes and were then rinsed with sterile H2O and allowed to dry. The coverslips were then treated with a

 solution of laminin in HBSS for 30 minutes and kept wet with either laminin or HBSS until the cells were set. The

 coverslips which now have laminin and poly-L-lysine coated on them, were placed into small Petridishes filled with

 growth medium. Drops of the suspension of dissociated cells were then placed on the coverslips.

 
Preparation of Mercury-treated and Control Slides
 
In the preparation of Hg-treated and Control Slides, my collaborator, Reed Hollett and I followed the protocol used by
 Brianne Jeffrey, Wheaton College, 2006.

After 24 hours of incubation in growth medium, the pre-plated cells were removed from the incubator and the

 growth medium was replaced with 2 ml of HCl HBSS (0 nM Hg) for the control slides or Hg HBSS for the

 experimental slides. Experimental cells were exposed to either 10 nM, 25nM or 100nM mercury. The cells were then

 incubated for another 20 minutes. After 20 minutes, the Hg HBSS (or HCl HBSS) was removed and F+ medium was

 added for a 10 minute recovery period. The F+ medium was then removed and the cells were washed with warm HBSS

 from the incubator. The HBSS was them removed and 2ml fix/perm was carefully added and allowed to sit for 15

 minutes. After the 15 minutes, the fix/perm was removed and 2 ml of fix only was added for an additional 15 minutes.
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 The fix only was then removed from the dishes and they were washed with PBS/Tx-100. After washing with PBS/Tx-

100, 2ml of Block Buffer was added to the cells to remove proteins and reduce non-specific binding of fluorescent. The

 cells were then allowed to incubate at 37 degrees C for 20 minutes before each coverslip was transferred into a pedestal

 in a humidity chamber, with the cells facing upward. In order to ensure that the cells did not fluoresce at 0nM or 100nM

 HgHBSS exposure, 200 µL of block buffer was added to at least one coverslip (located on the pedestal) for each of the

 two concentrations. 200 µL of the fluorescence (1:500 Rhodamine Phalloidin, 1:1000 DM1A in block buffer) was

 added to each coverslip (that was to be fluoresced) and was incubated for 1 hour. The coverslips were then placed back

 into their original Petri dishes and washed three times with PBS/Tx-100 before they were mounted onto slides and

 sealed with nail polish.

 

Imaging

A Nikon Eclipse 80-I 40x immersion lens was used to detect cells on the slides by focusing from the edge of the

 nail polish throughout the entire cover slip. When the cells were detected, ‘Bino’ was switched to ‘Photo’ on the

 microscope, the Spot imaging software was opened on the computer and the live image was selected. Once the live

 image was focused, the live image was closed and a phase image was taken. After the phase image was taken, the turret

 was switched to “phase 3” for DM1A or “phase 4” for Rhodamine Phalloidin and the transmitted light on the

 microscope was covered using a sheet of aluminum foil. To image the fluorescence, the shutter was opened at the same

 time the picture capture icon on the computer was selected, followed by immediate closure of the shutter once the

 image exposure was complete.

 

Data Collection

Fluorescent images were dragged into the Image J software where they were opened as tiff files. Because the

 cells exposed to 10 nM and 25 nM Hg had varying exposure times in comparison to the 0 nM and 100 nM exposed

 cells, they were not included in data collection. Also, because the DM1A images were very dim, the entire image had to

 be brightened. In order to do so, a histogram was opened of the original image and the brightest value that occurred

 more than once was multiplied by a multiplier to bring that value up to (but not past) 255 (brightest display). The

 polygon application was used to outline the neurons and glial cells as shown in Figure 3b. A histogram was taken of the

 selected area and the mean brightness value was obtained and divided by the multiplier to get the mean brightness value

 for that selected area. These values were then placed into Microsoft Excel for analysis.
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Results
            The results show a mean brightness value of 7.9 for the cells exposed to 0 nM HgCl2 and 8.2 for the cells

 exposed to 100 nM HgCl2. The mean brightness value appears to be the same across control and experimental groups.

 

1a.

1b.

 

Figure 1. Neuron and glial cells stained with DM1A (green) and Rhodamine Phalloidin (red) when exposed to 0 nM Hg

 (control). The green fluorescence represents tubulin while the red labels actin. Tubulin appears to be concentrated

 predominantly in the neurons’ cell somas and exhibits a progressively weaker signal down the axons. The signal also

 appears substantially weaker in glial cell somas in comparison to the Rhodamine Phallodin (actin). The image was

 taken on a Nikon Eclipse 80-I microscope with a 60x oil immersion lens using Spot Imaging software.
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2a.

 

2b.
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2c.

 

Figure 2. Neuron and glial cells stained with DM1A (green) and Rhodamine Phalloidin (red) when exposed to 100nM

 Hg. The green fluorescence represents tubulin while the red labels actin. Figure 2c represents the two labeled structures,

 tubulin and actin superimposed. The image was taken on a Nikon Eclipse 80-I microscope with a 60x oil immersion

 lens using Spot Imaging software.

 

3a.
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3b.

 

Figure 3. These images display the technique of quantifying image data. 3a shows the original, unaltered image. 3b

 displays the image, once brightened by a multiple of 3, (taking the highest pixel brightness that appears more than once

 and multiplying it by 3 to convert that brightness value as close 255 (brightest display) as possible. The white lines

 display the technique used in selecting the region of interest (entire neuron or glial cell).

 

 

Figure 4. This graph exhibits the mean brightness value of DM1-A stained tubulin in neurons/glia at a 17 second

 exposure time. The mean brightness value appears to be relatively equal between neurons exposed to 100nM mercury

 and controls (OnM Hg). For 0nM Hg exposure, n=12 cells. For 100nM Hg exposure n=8 cells

 

Discussion
The mean brightness value of DM1-A stained tubulin in neurons exposed to Hg+ appeared relatively equal to the
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 control groups, which refutes my hypothesis that suggested Hg+ exposed cells would have a lower mean brightness

 value than the controls. The conclusion that can be drawn from these results suggest that a twenty-minute exposure of

 100nM Hg on primary cultured chick sympathetic neurons had little to no effect on microtubule arrangement by the

 process of tubulin polymerization. At a molecular level, the presence of Hg ions does not appear to inhibit GTP

 nucleotide bind to beta-tubulin at an exposure of up to 100nM Hg based on the findings in this study. Thus, no

 disruption in GTP and beta-tubulin binding would result in no interference of microtubule polymerization. If mercury

 exposure would have disrupted microtubule arrangement, results may have shown less tubulin present in the neurons

 exposed to 100nM HgCl2 which may be an indication that there were less microtubules and/or shorter microtubules

 spanning the entire cell.

If mean brightness values between control groups and those exposed to mercury were uniform over enough cells

 to be statistically significant this would suggest that mercury does not disrupt tubulin polymerization into microtubules.

 This would contradict the findings of Leong et al. which suggested that inhalation of rats to Hg causes disruption of

 brain microtubule metabolism by inhibiting the polymerization of tubulin molecules (Leong et al., 2000).

One source of error in this experiment is the way in which the images were quantified. Considering the DM1A,

 tubulin antibody was so dim in all fluorescent images, the only way of quantifying data was to brighten the entire

 image, thus, adding more static to the background. This method requires manual selection of the neurons which can

 result in human error of selection technique over each slide. Variation in the technique of selection can alter brightness

 values which essentially decreases the validity of the results. In order to correct this issue in future experiments, I

 would suggest lowering the ratio of DM1A to buffer from 1: 1000 to 1:250 in the double-staining solution. Brighter

 images would allow for a more sufficient way of quantifying data as suggested by my collaborator, Blair Rosetti. To

 perform this method, 3 images would need to be taken including 1. An optimal image of DM1A (which is slightly

 overexposed so that the entire area of the neurons and glia are fluoresced brightly, defining the outer edges, 2. A

 standard image of DM1A(which is the best image taken at the right exposure), and 3. A phase image. The background

 would then be subtracted from the optimal image, followed by setting a binary threshold. The standard image could

 then be superimposed onto the threshholded image so that the standard image would be outlined more sufficiently. This

 would allow for the images to be selected automatically in the Image J program resulting in uniform selection

 technique.

One interpretation of the results is that the DM1A simply did not work. The dimness of the images may be an

 indicator that DM1A did not efficiently stain the tubulin resulting in unquantifiable data.

            Another significant source of error is the lack of uniformity in exposure times. Because exposure times varied to
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 achieve optimal images, comparisons between control and experimental groups were drawn from only a subset of the

 data collected, leaving a small n value for each group. In future experiments, I would suggest applying the same

 exposure duration for each image in order to increase the n-value of the data presented.
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