
http://icuc.wheatoncollege.edu/bio324/2013/dunn_zachary/index.htm[7/1/2015 1:51:21 PM]

The Inhibition of Neuronal Axon Growth Cone

Formation by Mercury is Dose Dependent
Zach Dunn

Neurobiology Short Report

Bio-324 / Neurobiology

Wheaton College, Norton, Massachusetts, USA

April 24, 2013

            Introduction

In neurons, proper axonal growth is vital in order to form necessary connections within the central and peripheral

 nervous systems. At the tip of each growing axon is an area of the cell called a growth cone. Growth cones are present

 at the end of all processes of cell bodies (Gordon-Weeks 2000), but this study only focused on the growth cones of

 axons and the impact it will have on axon growth.

Growth cones were discovered by Santiago Ramon y Cajal, who made many of the first observations of neurons

 and is considered by many to be the father of neurobiology (Gordon-Weeks 2000). The growth cone is composed of a

 different cytoskeletal organization then the rest of neuron. Growth cones project filopodia which are small processes

 supported by actin filament bundles surrounded by plasma membrane (Landis 1983). Receptors on the membrane of

 these filopodia detect signals in the surrounding area of the growth cone which lead to the directed movement of the

 cone, and consequently the directed growth of the axon (Gordon-Weeks 2000). Depending on the signals the filopodia

 encounter, the filopodia will either retract back to the cone or expand and join with other filopodia to form a

 lamellipodium (Vitriol and Zheng 2012). By this fashion a growth cone leads the growth direction of an axon. In

 culture it has been shown that growth cones can grow as fast as 1 micron per minute, but over 24 hours the average

 growth is 200 microns (Gordon-Weeks 2000). The growth cone can also be split into two sub-compartments; a P region

 and a C region. The P region is the broad flat region at the end of the process that is comprised of filopodia and

 lamellipodia, which can be seen by a light microscope (Vitriol and Zheng 2012). This is the area studied in this

 experiment. The C region of the growth cone is densely packed with many different cellular organelles such as

 mitochondria and exocytotic vessels. These organelles are also supported by a dense array of microtubules providing

 structure and transportation of these organelles to the area (Vitriol and Zheng 2012).



http://icuc.wheatoncollege.edu/bio324/2013/dunn_zachary/index.htm[7/1/2015 1:51:21 PM]

The focus of this experiment is the inhibition of these growth cones. It has previously been shown that addition

 of detergents to growing axons will cause the destruction of growth cones by dissolving the tubulin necessary for

 microtubules to form (Gordon-Weeks 2000). It has also been shown that axons will retract in the presence of mercury.

 Mercury has been studied extensively because it is known to inhibit the polymerization of microtubules by disrupting

 the binding of GTP to β-tubulin, which is similar to molecular lesions found in Alzheimer patients (Leong et al. 2000).

 However Leong used only one high dose of mercury, 200nm, which completely stopped all growth cone movement in

 neurons. Thus no information could be gained about the effect of the dosage of mercury on the inhibition of growth

 cones. In this study, we used neurons from Gallus gallus embryos, because the neurons are easy to collect from the

 embryos and the neurons are similarly to mammalian neurons. We treated these sympathetic neurons with varying

 concentrations of mercury and recorded the actions of the growth cones. In this study we tested the hypothesis that

 mercury will dose dependently inhibit the formation of axonal growth cones.

            Materials and Methods

Chick Embryo Dissection and Data Collection

The experiment used peripheral neurons from Gallus gallus embryos. These neurons were collected by the method and

 materials described in Morris 2013a. This process produced some single neurons as well as small groups of neurons.

 Collection of data began two days after neurons were collected. Data were collected by creating a chip flow chamber

 using the method and materials as previously described in Morris 2013b. Four separate flow chambers were used to

 observe the neurons using time-lapse imaging of a control and three different mercury concentrations for 30 minutes.

 The data were collected in the Imaging Center for Undergraduate Collaboration at Wheaton College, Norton

 Massachusetts. The data collection used the C92 microscope, a Nikon Eclipse E200 using a 10x objective lens with

 tungsten illumination through a phase optics condenser. The images were taken using a Sony DFW-x700 on a 1.0x

 camera mount connected to either the Scorpio or Leo computers, both of which are Mac OSX version 10.5.8 computers

 using BTV version 6.0b1 software. The dosages of mercury used for incubation were 100nM, 10nM, and 1nM in the

 form of HgCl2 dissolved in Tyrode’s salt solution. These concentrations were made from a serial dilution of the 100nM

 HgCl2. One experiment was conducted using only Tyrode’s salt solution without HgCl2 which served as a control to

 observe growth cones in the absence of mercury. Only one neuron cluster was observed at each concentration.

Data Analysis
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All measurements of images were made using ImageJ software. At each concentration all growth cones were

 distinguished by their filopodia extensions as well as lamellipodia which caused then to appear wider than axons. The

 filopodia were considered an area of a cell that had at least 2 separate membrane processes, with one processes at least

 12 microns in length and no more than 3 micron in width. Also these extensions must be from either a cell body or a

 process that is wider than 6 microns since growth cones are wider than axons due to the lamellipodia. The edge of a

 neuron cell body was marked by a change from a bright phase to a dark phase in a photograph. Growth cones could be

 present along bundles of axons if there was an area on the axon wider than 6 microns. A process of the growth cone

 must increase in length by at least 2 microns over the 30 minute interval of incubation to be considered growing.

The area of cell bodies of neurons was found by measuring the longest possible diameter through a group of

 cells. This diameter was divided by 2 to calculate the radius, which was used to find the area of cell bodies. If there

 were multiple groups of cell bodies in a sample, then the areas of each group were added together. The amount of

 growth cones in each concentration of mercury was normalized to the number of contributing cells by dividing by the

 area of cell bodies in each sample.

Results

Growth cones could be seen in the control as well as the 10nM and 1nM Hg concentration. At the 100nM Hg

 concentration the cell began forming blebs, and no growth cones were observed. For each concentration, n=1. The data

 show the number of growth cones per mm2 of cell bodies decreases as mercury concentration increases.
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Figure 1- Images of the control after (A) 2 minutes and (B) 30 minutes of incubation with Tyrode’s salt solution.
 Growth cones are present at the end of both branches of the longer axon as well as along parts of the axon. Arrows
 highlight the growth cones that are observed in picture B. Growth cones can be seen to have continued growing and
 increase in size in the absence of mercury over the 30 minute time span.
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Figure 2- Images of the 10nM HgCl2 experiment after (A) 0 minutes and (B) 30 minutes of incubation. In this sample 2
 growth cones extended from the lower axon and many more grew from the both cell body clusters. Some growth cones
 are highlighted by arrows in picture B. Although there were more growth cones in the experimental sample than the
 control, there was also a larger area of cell bodies in experimental sample.
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Figure 3- For all concentrations n=1. As the concentration of mercury increases, the number of growth cones present
 decreases. The control had the most growth cones per mm2 with 17.9. 1nM Hg had the second highest with 12.6,
 followed by 10nM with 10.8, and finally 100nM Hg with 0. The graph appears to show a logarithmic curve for the
 growth cones per mm2 of neuronal bodies with respect to the mercury concentration.

 

            Discussion and Conclusions

As shown in figure 3, the data collected from this experiment supports the hypothesis that the inhibition of growth cones

 by mercury is dose dependent. The control has the greatest amount of growth cones per square millimeter of cell bodies

 in the sample with a 1.4 fold increase over the 1nM mercury concentration. It should also be noted that the 100nM Hg

 experiment is the only sample that showed blebbing, and appeared as though the cell was dying, which would explain

 the result of 0 growth cones. Since each incubation was only performed one time an exact mathematical relation

 between the concentration of mercury and the growth cones per square millimeter of neuronal bodies cannot be

 determined. However, if this data is repeatable, then it appears as though there is a logarithmic relation between the

 growth cones per square millimeter and the concentration of mercury used for incubation.

            This trend is due to the fact that mercury readily binds to many different proteins present in cells. It is known to

 interfere with the polymerization of microtubules, which is a key support structure in axons and axon growth (Leong et

 al. 2000). In the case of growth cones, it is most likely the actin filaments that are being disrupted by the mercury.

 These filaments are the driving force behind the filopodia. If the actin is not able to polymerize then the cytoskeleton

 will not push out on the plasma membrane in order to create the filopodia necessary for growth cones. It is also possible
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 that mercury can interact with the receptors on the plasma membrane of the growth cones, and cause the growth cones

 to retract. Since growth cones are constantly receiving signals by the receptors on its plasma membrane, if it detects

 enough harmful chemicals such as mercury it is possible that the growth cone would retract without any direct harmful

 damage to the cytoskeleton.

            When interpreting the data from this experiment, it is important to understand some inherent flaws in the way the

 data are collected. First, the data was normalized using area of cell bodies because the data collected are two

 dimensional, and area is the dimension that can be accurately measured. However, cells are three dimensional and any

 cluster of cells will have cells stacked on top of each other. This will be a bigger concern in larger clusters, such as in

 the 1nM Hg concentration, and will underestimate the amount of cells present. By underestimating the amount of cells,

 the perceived amount of growth cones per cell body will increase. In this experiment the control had the smallest area

 of cell bodies, which means that the growth cones per cell in the 1nM and 10nM Hg samples is overestimated. This

 means that it is possible that the amount of inhibition due to mercury is more than seen in this experiment.

            However in the case of the 1nM mercury sample, the group of cell bodies was large enough that many growth

 cones appeared to be stacked on top of each other and could not be distinguished. Since the growth cones could not be

 distinguished, a group of growth cones could only be counted once, leading to an underestimate of the actually amount

 of growth cones present in the sample. This would lead to a smaller amount of growth cones per cell body and an

 overestimate of the effects of mercury inhibition.

            In order to refine the results of this study, the experiment should be repeated with similar size clusters of cell

 bodies. This would allow an easier comparison between the numbers of growth cones in each sample. Also, in order to

 get a more precise mathematical relationship between the number of growth cones and the concentration of mercury,

 more concentrations of mercury should be tested, such as 25nM, 50nM, and 75nM of HgCl2. If a mathematical

 relationship were to be established, it would allow future researchers to induce a desired growth cone rate on cells by

 incubating in a specific concentration of mercury. The ability to induce a desired specific amount of inhibition would

 allow the recreation of the neuronal symptoms of varying stages of Alzheimer’s disease, which could be used in future

 studies and developments. Further experiments could also look at the interaction between mercury and the growth

 cones. This could be done by examining if the mercury has its effect on the surface of the plasma membrane where

 receptors are present, or if the mercury enters the cells where is would degrade the cytoskeleton supporting the growth

 cones.
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