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Introduction:

Mercury is a neurotoxin that is known to have harmful effects on the developing nervous system. It is found

 widely dispersed throughout the food chain, especially among sea organisms. This type of exposure is still a current

 source of worry as it commonly reaches humans as consumers of seafood (Ceccatelli, et. al., 2010). Trace amounts of

 mercury, generally harmless quantities depending on the organism, are often found in the blood stream at about 10nM

 (Watahad J.C., et. al., 2008). However, these levels can reach up to 50-75nM with environmental changes – such as

 receiving a dental amalgam (Watahad J.C., et. al., 2008). These trace quantities have not been observed to be

 detrimental to human health and resulting effects from this exposure level are not yet clear. (Watahad J.C., et. al.,

 2008). With observation studies of population exposures to acute toxic of doses mercury in Japan and Iraq in the late

 20th centuries, cognitive effects of mercury poisoning such as deficiencies in memory, language, and motor skills, were

 observed. Other findings further confirm that mercury toxicity has been shown to impair neural cell growth leading to

 neural cell death (Ceccatelli, et. al., 2010).

There are three main components of a neuronal growth cone: the central core occupied by microtubules and

 mitochondria, the actin micro-spikes of lamellipodia, and the parallel actin projections of filopodia (Kandel, et. al.,

 2013). Each of these contributes to the process of neuronal growth by playing roles in cell motility and

 mechanosensing, responding to pathway signals in the environment. Lamellipodia, found at the leading edge of cells,

 are thin, membranous protrusions of actin at varying orientations (Kandel, et. al., 2013). The actin network of the

 lamellipodia is unstable causing retrograde action of the lamellipod which will occur commonly with weak adhesions to

 the substrate. Stronger substrate adhesions induce new parallel orientations of the actin, priming the area of filopodia

 development. Combined strong adhesions and forward movement can be seen at the leading edge of cells giving rise to
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 lamellipodia activity (Mogilner, A., & Tucker-Kellog, L.).

Lamellipodia have been observed as a primary component of the growth cone, important in cell motility and

 responding to the environment. The proposed study of mercury investigates the hypothesis that a decrease in activity

 levels of lamellipodia in the glial cells of a Gallus gallus embryo will result following exposure to trace amounts of

 mercury. Effects of mercury have been commonly studied in neuronal growth cones, as mercury is seen to affect

 tubulin mechanisms causing inhibition of tubulin polymerization (Pendergrass, J. et, al., 1997). This research focuses

 the actin of glial cells in the nervous system. A Gallus gallus embryo is the choice organism for this study as their

 embryonic development is similar to human embryonic development (Morris, R. L., 2013C). Using model organisms

 with mechanisms similar to that of humans are increasingly applicable to the types of relevant research to addressing

 issues in our population. As mercury is a commonly found environmental neurotoxin, understanding the effects on

 neuronal growth will lead to a firmer grasp on the cellular mechanisms affected by mercury exposure, allowing for

 further studies on preventative measures and treatment against mercury poisoning.

 

Materials and Methods:

Materials

See materials from Primary Culture of Chick Embryonic Peripheral Neuron Dissection 1, for isolation techniques of

 Gallus gallus sympathetic nerve chain and dorsal root ganglia (Morris, R. L., 2013A).

See materials from Observation of Live Unlabeled Cells, for creating flow chamber (Morris, R. L., 2013B).

Solutions

To imitate trace concentrations of mercury exposure the provided 100nM HgCl2 (Leong, C., et, al., 2001), was

 diluted to the trace amount 50nM (Watahad J.C., et. al., 2008) by adding 0.5mL of Tyrode’s Salt Solution, to a 0.5mL

 solution of 100nM HgCl2 solution. 0.5mL of provided Tyrode’s Salt solution acted as the control environment. Though

 of no significant exposure concentrations, the control simulates the physical change in the cellular environment that the

 mercury exposed cells experience when HgCl2 is run through. DMEM solution was used as a wash for respective flow

 chambers.

Equipment
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Throughout the data collection and analysis of this investigation, the following equipment: Nikon Eclipse E200

 microscope with a Sony DWF-X700 with 1.0X camera mount, an IMac computer with Mac OS X 7.1 software, BTV

 6.0B1 software, and Image J 1.46R.

Methods

Embryos

Gallus gallus embryos were dissected at day 10 to isolate sympathetic nerve chains and dorsal root ganglia by

 Dr. Robert Morris. Dorsal root ganglia were recovered from the base of the spinal cord using a dissection microscope.

 Once plated on laminin and poly-lysine treated coverslips to sustain cellular growth, the cells were incubated at 37

 degrees Celsius for a 24 hour period prior to mercury treatment. For full instructions and procedure on Chick embryo

 dissection and coverslip treatments see Morris, R. L., 2013A, Primary Culture of Chick Embryonic Peripheral Neurons

 1: DISSECTION. DMEM was substituted for HBSS.

Flow Chamber

Flow chambers were created in order to manipulate the environmental conditions of the cells and control the

 time of exposure. One chamber was generated for the control conditions and one for the HgCl2 exposure conditions.

 For full instructions and procedure on assembling a Flow Chamber, see Morris, R. L., 2013B, Observation of Live

 Unlabeled Cells.

Exposure

0.5mL of DMEM was added to the chamber of the control cells prior to the addition of Tyrode’s Salt Solution.

 Directly after, 0.5mL of Tyrode’s was run through the chamber, removing DMEM from the environment. The slide was

 then placed in an incubator at 37 degrees Celsius for 20 minutes. After the completion of the 20 minute incubation

 period, the slide was removed from the incubator and 0.5mL of growth medium was used to wash the Tyrode’s solution

 from the chamber and maintain a stable cellular environment. 

            The slide containing the flow chamber of mercury exposed cells was constructed following the same format after

 the completion of the incubation period of the control chamber. DMEM was washed through the chamber; cells were

 then exposed to HgCl2 for 20 minutes at 37 degrees Celsius. Growth medium should be used to maintain a stable

 cellular environment post-mercury exposure conditions.
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Data Collection and Analysis

The data collection for this study was done in collaboration with Chelsea Ettinger and KarryAnne Belanger.

Data collection was done on an iMac computer with Mac OS X 7.1 software using a Nikon Eclipse E200

 microscope and BTV 6.0B1 imaging software with a Sony DWF-X700 and 1.0X camera mount. Time-Lapse

 microscopy was used to collect the data with the cells at 37 degrees Celsius to promote growth by imitating body

 temperature. At one minute intervals BTV photo capture took live image stills of the glial cells at 40X objective in

 Phase 2. This was repeated for a period of 10 minutes for each cell treatment.

Lamellipodia are defined as transparent membranous webbing, devoid of organelles and generally lighter than

 the cell body and filopodia. These extending actin protrusions re-orienting into filopodia were excluded from data

 analysis if they were smaller than 0.6µ (4 pixels in ImageJ 1.46r) (Chelsea Ettinger, 2013), lamellipodia not fully in the

 field of view were also excluded from data analysis. Lamellipodia were measured using the free-hand tool in ImageJ

 1.46r plus the ‘analyze’ and ‘measure’ tool to obtain surface area in pixels which were later converted to µm. Localized

 around the cell periphery, measurements began at the point of noticeable contrast between a cell body and the

 transparent webbing of a lamellipod. Lamellipodia present, in accordance with the defined properties, were measured at

 each time interval in both treatments. Averages of lamellipod surface area were taken at each time point including

 pooled data from all measured lamellipodia of the same treatment at the same time data set. These data were plotted in

 a graph (see figure 3) to show lamellipod activity over the course of a 10 minute period. These averages were used to

 calculate a rate of activity of present lamellipodia.

Results:

The results of this experiment depict lamellipod activity as the expanding and retracting of the transparent

 webbing extending from the cell body. A glial cell with increased lamellipod activity will present with fluctuations in

 the number of present lamellipodia and their surface area. A glial cell with decreased lamellipod activity will present

 with lamellipodia that show little movement and the number of lamellipodia present to remain constant. See figures 1

 and 2 for representation of lamellipod activity in fluctuation of number of lamellipodia present and surface area

 measurements from time point one to time point ten.

According to the data gathered, lamellipodia in a mercuric chloride environment show less activity than

 lamellipodia in a buffer control environment. This trend is represented in figure 3 as well as in figure 4 with a
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 calculated average rate of activity.

 

 

 

A.

 

           

B.

Figure 1. Phase 2 image of a cluster of glial cells at 40X exposed to Tyrode’s Salt Solution as a control. Areas with
 white outline depict measured lamellipodia. (A) Time point 1:00. (B) Time point 10:00. Note the changes in white
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 outlined areas between (A) and (B).

 

 

A.

 

 

B.

Figure 2. Phase 2 image of multiple glial cells at 40X exposed to 50nM HgCl2. Areas with a white outline depict
 measured lamellipodia (A) Time point 1:00. (B) Time point 10:00. Note the changes in white outlined areas between
 (A) and (B).
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Figure 3. The average rate of activity of lamellipodia, as seen by surface area in µm/min2. Lamellipod activity in the
 control conditions (red) shows greater fluctuation than the 50nM HgCl2 conditions (blue). The data from the control
 images contributed 9 lamellipodia including those that appeared after the first time point on a single cell cluster on one
 day (n=9). These data from the mercuric chloride exposure images, were derived from 5 lamellipodia measured on one
 cluster of cells on one day (n=5).

 

 

Figure 4. Average rate of lamellipodia activity in μm/min2 of HgCl2 and Control conditions. The control conditions
 have a clear higher average rate of activity at 6.82 μm/min2 in comparison to the average rate of activity of the HgCl2
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 conditions at 2.77 μm/min2.

 

 

Discussion and Conclusion:

The results obtained in this experiment support the hypothesis that exposure to 50nM of mercuric chloride will

 show a decrease in activity level seen by rate of activity in glial cell lamellipodia. As illustrated in figure 3, the rapid

 fluctuations from time point to time point in the control data in comparison to the gradual fluctuation curves of the

 mercury exposure data, gives support to the detrimental effects of mercury on actin reorganization in the lamellipod.

 The decreased fluctuations of lamellipodia in the mercury environment indicate a lack of activity. On a cellular level,

 lamellipodia activity involves re-orienting the actin filaments that make up the lamellipod into parallel actin micro-

spike that develop into filopodia (Small, J., et. al., 2002). With mercury exposure and the presenting lack of activity in

 lamellipodia, it can be suggested that the actin filaments of the lamellipodia are not reorienting into parallel micro-

spikes to form filopodia at a normal rate. The differences between the average rate of activity of the control environment

 and the mercury environment as seen in figure 4, lend support to the idea that actin reorganization is not halted at the

 lamellipod, but slowed. According to a study by J. Victor Small, lamellipodia using fluorescence, it was concluded that

 lamellipodia are the primary site of actin activation (Small, J. et. al., 2002). The high levels of actin activity at

 lamellipodia and actin reorganization are also mediated by adhesion (Small, J. et. al., 2002). Mercury binds to

 methionine and cystine in the cell and inhibits certain cellular processes, specifically cytoskeletal behaviors (Morris, R.

 L., 2013C, Leong, C., et, al., 2001). As actin is a principal facilitator of cell motility, and lamellipodia is the site of

 actin filament incorporation, environmental exposure to mercury may suppress actin activity due to the depression of

 mechanisms of actin growth and reorganization.

During the experimental process, certain areas of error occurred that could be avoided in future studies. While

 observing the cells on the Nikon microscope, the heater had to be continually adjusted. Keeping a constant temperature

 of the cells while collecting data was an imperfect system: drying the flow chamber, or causing a too high or too low

 temperature. This may have affected the observation and data collection period. Other points of error stem from the

 data analysis. Some areas in the image were very close to fitting within the definition of lamellipodia yet they did not

 get counted. Due to the low contrast of the lamellipodia with the background of the image added challenges to the

 identifying and measuring process. This could be resolved by adjusting the settings of the BTV imaging software to get

 higher contrast, or a brighter field of view.
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Certain measures to refine aspects of this experiment can be taken to gain a more comprehensive data set.

 Altering the hypothesis to include observing the ratio of lamellipodia to filopodia would supplement the evidence

 leading to the conclusion that mercury exposure has negative effects on actin reorganization as the lamellipod filaments

 are remaining in a ‘chaotic’ organization for longer periods of time before forming parallel structures; filopodia. With

 evidence of mercury’s negative effects on neuronal development, a decrease of activity in the mechanosensing

 lamellipodia may affect the reorganization of actin from unstable orientations in lamellipodia to stable parallel

 orientations in filopodia stalling the cellular growth process. (Small, J. et, al., 2002). This type of conclusion could also

 lend itself to more in depth analysis of the polymerization mechanisms of actin reorganization. An additional area of

 study to further refine this experiment would be to look at different mercury dosages and the resulting effects on the

 glial cells. This would help gain a reference point of toxicity, and allow further insights into levels of exposure with

 harmful effects.

The conclusions drawn from this experiment involve trace concentrations of mercury exposed to the glial cells

 and their effect on actin filaments. Many studies have been done on tubulin mechanisms of the components of neuronal

 growth cone. By focusing on the cytoskeletal actin filaments that play crucial roles in glial cell growth, conclusions can

 help work towards a more developed and comprehensive data set on the damaging effects of mercury at other specific

 cellular mechanisms. It is also important to take into account that on average, humans have mercury levels of 10nM in

 their blood stream that may spike to higher concentrations of 50-75nM throughout the course of a lifetime without

 causing damage (Watahad, J.C., et, al., 2008). These concentrations are not acutely toxic as levels of 350nM have been

 observed to be (Watahad, J.C., et, al., 2008), but studying long-term exposure to trace concentrations may have long

 reaching implications into health effects as a result mercury toxicity.
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