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Introduction:
Glial cells, the supporting cells of the nervous system, have a diverse range of functions including immune

 function, insulation, ion concentration regulation, and growth factor release (Kandel, 2013). Additionally, glial cells

 provide structural support to neurons and guide neuronal migration, making them a key component of neural

 development (Meyer, 2005).

 Filopodia are long, thin, protrusions extending off of glial cells that consist of tightly bundled, crosslinking actin

 filaments lying parallel to each other. Actin filaments are short, thin, flexible, cytoskeletal fibers concentrated at the cell

 periphery. Actin monomers polymerize in a head-to-tail fashion to produce filamentous actin. Generally, the actin

 binding proteins profilin and Arp2/3 mediate the polymerization of actin filaments, while the depolymerization of actin

 filaments is mediated by the actin binding protein cofilin. These cytoskeletal behaviors are crucial to protein trafficking

 inside the cell as well as cell motility (Cooper,2000).

Filopodia extend out of a translucent actin complex known as lamellipodia. Actin within lamellipodia, unlike in

 filopodia, are laid out in a disorganized, mesh-like structure. Contained inside the lamellipodia are structures called

 microspikes, which develop and extend out of the lammelipodia to become filopodia (Small, 2002). Both lamellipodia

 and filopodia play key roles in crucial cell processes such as cell migration, morphogenesis, cell adhesion, endocytosis,

 phagocytosis, and interpretation of environmental cues (Yang, 2011, Small, 2002).

In neurons, growth cones sense environmental cues through their filopodia, allowing the axon to effectively

 navigate to its destination in the nervous system (Yang, 2011). Glial filopodia structure is indistinguishable from

 neuronal filopodia, however based on studies demonstrating heightened sensitivity to ethanol treatment in neurons

 when compared to glia (Kapoor, 2006), it is possible that the two cell types would exhibit different response intensities

 to toxins.

Mercury is a widely known neurotoxin that is spread throughout nature and implicated in a range of neurological
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 and psychiatric disorders. According to the World Health Organization, the major sources of mercury exposure for

 humans are food contamination, drug and vaccine preservatives, dental amalgams, and occupational exposure

 (Bernhoft, 2012). While methyl mercury has gotten the most public attention as a neurotoxin, another form of mercury,

 mercuric chloride, is also toxic to humans. HgCl2 can easily cross the blood brain barrier and accumulate in the brain at

 much higher concentrations than methyl mercury (Xu, 2012). Mercuric chloride can also accumulate in the placenta,

 fetal tissues, and amniotic fluid, presenting a significant risk to fetal development (Bernhoft, 2012).

            An experiment studying the effects of mercuric chloride exposure on rat neonatal cortical neurons concluded that

 while exposure decreased beta tubulin activity, there was no apparent change in actin activity (Xu, 2012). A study

 conducted by Hannah Blomquist in 2011 found that concentrations of 100nM HgCl2 significantly reduced the length of

 neurite filipodia growth over time as compared to a control condition, suggesting that mercuric chloride interferes with

 actin activity in neurons at that concentration. A separate study examining the effect of trace mercury on monocyte

 activity, states that “trace” amounts of mercury can be defined as a concentration between 10 and 75 nM (Wataha,

 2008). It appears that no research has been conducted analyzing the effects of mercuric chloride on cytoskeletal actin

 activity in glial cells.

            This experiment explores the effects of trace concentrations of mercuric chloride on filopodia activity of

 embryonic Gallus gallus glial cells. The developmental process of Gallus gallus is similar to human development,

 making it an ideal organism for studying neuronal development (Morris, communication). A 50nM sample of HgCl2

 was utilized to simulate trace concentrations. The glial cells were exposed to a control solution as well as a mercuric

 chloride solution and observed under phase 2, time-lapse microscopy. The aim of this study was to explore whether the

 behavior of cytoskeletal actin in glial cells is susceptible to interference via trace mercury exposure. The results of this

 experiment can be used to compare the responses of cytoskeletal actin between neurons and glia when exposed to

 HgCl2.

            This study tests the hypothesis that exposure to mercuric chloride will decrease the activity of filopodia in Gallus

 gallus embryonic glial cells. If supported, this hypothesis could have implications in the mechanism by which mercury

 interferes with fetal neuronal development as well as regular neuronal functioning.

 

Materials And Methods:
 

The dissection of the 10 day-old chick embryos was carried out as detailed in “Primary Culture of Chick

 Embryonic Peripheral Neurons 1: DISSECTION”, materials are as described (Morris, 2013a). This dissection utilized a
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 dissection scope in order to isolate the sympathetic nerve chain and dorsal root ganglia of the Gallus gallus so they

 could be plated. The cultures were then incubated for 24 hours.

Next, the treatment solutions were produced. After the incubation period, the mercuric chloride was diluted from

 a 100nM solution (Blomquist, 2011) to a 50nM with Tyrodes inside of 1 ml Eppendorf tubes. Tyrodes without mercury

 was used as the control solution. Tyrodes was chosen as the control because it does not have any amino acids, which

 prevented the binding of Mercury to amino acids such as cysteine and methionine. This prevented any interference of

 the buffer with treatment results.

Two dishes of glial cell cultures were removed from the incubator after the incubation period. Two flow cells for

 observation were constructed as detailed in “Primary Culture of Chick Embryonic Peripheral Neurons 3: DYING and

 OBSERVING LIVE CELLS”, steps 9-13 using the cover slips from culture, materials are as described (Morris, 2013b).

 One flow cell was designated and labeled for the mercury treatment, the other for the control.

The control slide was prepared first. After construction of the flow cells, .5ml of DMEM was flowed through the

 cell using a glass pipet and a kimwipe. After the addition of DMEM, .5 ml of Tyrodes solution was flowed through the

 same flow cell using the same technique, replacing the DMEM and producing the control condition. The control slide

 was incubated for 20 minutes.

The mercury treatment slide was prepared second. The second coverslip was washed with DMEM in the same

 fashion as the first. For the mercury treatment, instead of applying .5ml of Tyrodes, .5 ml of the prepared 50nM HgCl2

 was passed through the flow cell using the same technique as the control condition. The Mercury slide was incubated

 for 20 minutes.

After incubation, each slide was observed with a Nikon Eclipse E220 microscope, a Sony DWF-x700 camera, a

 1.0 X adapter C-mount, BTV software version 6.0b1, and an iMac computer (Libra), Version 7.1. The microscope was

 set to Phase 2, at 40X magnification. During observation, each slide was kept at a consistent temperature of 37 degrees

 Celsius using a small Holmes heater and a thermometer throughout observation. Growth medium was added to the

 slides as needed to prevent the cells from drying out. Glial cells were located among the peripheral neurons on each

 slide after scanning through the coverslip using the stage positioner. For each condition, a series of ten photos was

 taken each minute for a ten-minute period. The images were captured using the “capture image” function of the BTV

 software. This procedure produced ten photos taken at one-minute increments for both the control and mercury

 treatments.

Images were analyzed using the straight-line tool of Image J 1.46r software. The length and number of each

 filopodia present in the field of view was collected during analysis. Filopodia were defined as long, thin, structures with
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 parallel edges about .3-.6 µm apart (2-4 pixels in Image J 1.46r), fully within the field of view. Filopodia were

 noticeably darker than the background, tapered at the base, and extend out from either the cell body or the lamellipodia.

 Lamellipodia were defined as transparent, membranous areas, devoid of organelles and generally lighter than the cell

 body and filopodia around the periphery of the glial cells (Gibson, communication). The filopodia were measured from

 the point at which their sides began to taper at the base until the point at which they were no longer noticeably darker

 than the background at the tip. Filopodia that appeared to be fusing with other filopodia or did not have a visible end

 point in the field of view were excluded from analysis to avoid error. For the purposes of this experiment, “activity” of

 filopodia was defined as the average rate of change in length and number for all filopodia per minute within a given

 view field. The changes in length of every individual filopodium within the described definition between every time

 point were averaged together to obtain an overall rate of change per minute for each condition. The filopodia length

 results were converted from pixels to microns using a conversion factor of 6.64 pixels/1µm. The change in number of

 filopodia per minute was obtained by averaging the changes in number of filopodia between each minute. A higher

 value for rate of change indicates higher activity for both properties.

 

Results:
The data represent the average change in both length and number of glial filopodia per minute in a ten-minute

 time period for each treatment in a given field of view. The data demonstrate that the average change in length of glial

 filopodia was not significantly decreased by exposure to 50nM mercuric chloride in vitro when compared to the control

 condition. The average rate of change of filopodia length was 1.53 µm/min for the control condition, and 1.59 µm/min

 for the HgCl2 condition (Figure 3). A two-tailed t test yielded a p value of .82 for the results, confirming the null

 hypothesis and refuting a significant difference between the two averages. In addition, HgCl2 treatment in vitro

 produced an increased rate of change in abundance of filopodia, as demonstrated by a control and HgCl2 treatment rate

 of .727 and 2.3 filopodia per minute respectively (Figure 4a). However, it should be noted that the number of filopodia

 in the HgCl2 condition displayed a decrease in the number of filopodia present throughout the time period, declining

 from 27 to 12 filopodia (Figure 4b). This represented a 56% decrease in number of filopodia in the mercury condition,

 as compared to a 38% decrease in the control condition. The n values for the control were represented by 4 to 8

 filopodia in one field of view over ten minutes, and the n values for the mercury treatment were represented by 12-27

 filopodia in one field of view over ten minutes.

Figures 1a and 1b show control cells at one minute and ten minutes respectively. Note that there are several glial
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 cells overlapping in the view field and that there is no marked decrease in the number of filopodia present over the time

 period. Also note that several structures that were analyzed as filopodia after one minute became obscured by other

 glial cells, extended out of the view field, or fused with other filopodia. Figures 2a and 2b show HgCl2 treated cells at

 one minute and ten minutes respectively. Note that after ten minutes of observation fewer structures are regarded as

 filopodia and several of the originally analyzed structures have fused with other filopodia.

 

Figure 1a: 40x image of control slide at first time point following exposure to Tyrodes Salt Solution. Structures
 analyzed as filopodia are marked accordingly.
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Figure 1b: 40x image of slide at tenth time point following exposure to Tyrodes Salt Solution. Structures analyzed as
 filopodia are marked accordingly.
 
 

Figure 2a: 40x image of glial cells treated with 50nM mercuric chloride at first time point. Structures analyzed as
 filopodia are marked accordingly.
 
 

Figure 2b: 40x image of glial cells treated with 50nM mercuric chloride at tenth time point. Structures analyzed as
 filopodia are marked accordingly.
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Figure 3: The average change in length per minute over a ten-minute time period for both mercuric chloride and control
 conditions. Note the similarity between the averages of each condition.
 
 

Figure 4a: The average change in number filopodia present per minute over a ten-minute time period for both mercuric
 chloride and control conditions. Note the greater rate of change in the HgCl2 condition compared to the control.
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Figure 4b: The change in number of filopodia in a ten-minute time period represented as individual time points as
 opposed to an average. Note the decrease in the number of filopodia present in the HgCl2 condition as compared with
 the smaller decrease visible in the control Tyrodes solution.
 
 
Discussion:
 

In light of these results, the hypothesis was partially supported. The results show no significant difference in

 average change of filopodia length per minute and a larger change in number of filopodia per minute in the mercuric

 chloride treatment group compared to the control group. Within the scope of the previously determined definition, these

 data indicate no effect on activity in the 50nM HgCl2 treatment when analyzing the change in length of filopodia per

 minute, and increased activity when analyzing change in number of filopodia present.

Due to conflicting results within the hypothesis, it was most effective to analyze each portion of the hypothesis

 separately. It can be concluded from the filopodia length results that exposure to HgCl2 does not significantly decrease

 levels of glial filopodia activity. If this experiment were successfully replicated multiple times with identical results, it

 could be concluded that glial filopodia activity is not affected by exposure to 50nM mercuric chloride. This could be

 attributed to the 50nM HgCl2 concentration being too low to elicit a response from the glial cell filopodia, or to glial

 filopodia having a diminished sensitivity to the toxin compared to neurons. These results would suggest that while

 HgCl2 exhibits an effect upon microtubule metabolism, it does not affect the polymerization of G-actin monomers into

 F-actin filaments within the glial filopodia. This would be consistent with the study performed by Christopher Leong in

 2000 demonstrating that mercury vapor inhibits the binding of GTP to tubulin in neurons, but does not affect actin

 polymerization (Leong, 2000). Such confirmation would demonstrate similarities between the cytoskeletal behaviors of

 glial cells and neuronal cells.
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It can also be concluded from the results that the rate of change of number of filopodia present did not decrease

 in response to mercury exposure. However, the overall number of filopodia in the field of view did decrease. The

 number of filopodia in the mercury condition decreased by 56%, while the number of filopodia in the control condition

 only decreased by 38%. If these results were successfully replicated multiple times, it would suggest that the

 chemosensing filopodia could have depolymerized in response to the toxic mercuric environment, while new filopodia

 were prevented from forming.

According to previous studies the assembly, length, and stability of actin filaments are controlled by a variety of

 specialized actin-binding proteins (Darnell, 2000). Mercury interferes with proteins by releasing mercuric ions that bind

 with sulfhydryl groups within proteins, causing their inactivation and denaturation (Bryson, 1996). A study by KJ Sepp

 demonstrated that the GTPases RhoA and Rac1 mediate the actin cytoskeletal dynamics in peripheral glial cells (Sepp,

 2003). It is possible that mercuric chloride has interfered with these crucial GTPases, causing depolymerization of the

 actin filaments.

An alternate study suggested that a capping protein referred to as “CP” is responsible for inhibiting the

 polymerization of actin. CP keeps actin filaments in the formation of llamelipodia until it is appropriate for them to

 form filopodia (Marisan, 2004). The capping protein is inhibited by the proteins CARMIL and V-1/myotrophin

 (Cooper, 2008). If mercuric chloride were to interfere with CARMIL or V-1/myotrophin, it could prevent the formation

 of filopodia from lamellipodia. If glial filopodia formation is inhibited in trace mercuric environments, it holds

 significant implications for fetal nervous system development in pregnant women exposed to trace amounts of mercury.

Inability to keep cultures at a completely consistent temperature during observation, the difficulty in

 distinguishing exactly which structures qualified as filopodia, and the presence of one blurry image within the data set

 all served as sources of error in the experiment. Future conduction of this experiment should focus on average length

 and number change of filopodia separately, to prevent conflicting results between separate portions of the hypothesis.

 Observation should also be conducted over a single glial cell in order to quantify change in one cell as opposed to

 many. Observation of a single cell will also prevent unintentional decreases in filopodia activity due to structures being

 obscured by multiple cells.

Future experiments should increase the concentration of HgCl2 to 75nM, to test whether a higher trace

 concentration would provoke a decrease in the rate of change of filopoida length and provide consistency in the original

 hypothesis. Effects of long-term exposure to 50nM mercury could also be examined, to determine whether a longer

 time period would cause a similar change. Future studies should also focus in on the effects of mercury on RhoA and

 Rac1 as well as CARMIL and V-1/myotrophin to determine a more specific mechanism for mercuric cytoskeletal
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 inhibition in glial cells. Overall, the mechanism by which mercury affects glial cells should be further pursued, as it

 could provide valuable insights as to how trace levels of this common neurotoxin affect fetal development as well as

 regular neuronal functioning.
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