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I. Introduction

    Sexually reproducing animals all start the initial steps of their developmental processes in the same way. Fertilization
 of the egg comes first followed directly by a process called cleavage. Fertilization, a seemingly simple one-step
 process, has many steps crucial for the development of the embryo. (Wilt, 2004)
     In sea urchins, the sperm will enter the egg perpendicularly to the egg’s surface. After fusion of the sperm and egg
 membranes, the sperm nucleus and centriole will separate from the mitochondria and the flagellum. The flagellum and
 the mitochondria disintegrate after being detachment from the nucleus. (Bearer, 1992) The sperm pronucleus will then
 rotate 180 degrees so that the sperm centriole is between the male and the female pronucleus. The sperm’s nuclear
 envelope will then fold into small packets, exposing the compact sperm chromatin to the egg’s cytoplasm. These
 proteins are then exchanged for similar proteins derived from the egg, activating and decondensing the sperm’s
 chromatin. The microtubules of the centriole of the male pronucleus will then extend to and make contact with the
 female pronucleus, and the two pronuclei migrate towards each other. The fusion forms the diploid zygote nucleus, and
 the first mitosis will occur. This migration of the male and female pronucleus is called centration or pronuclear
 migration. (Gilbert, 2000)
     Mercury is a toxic pollutant that can have damaging effects on cells including those going through developmental
 processes. Mercury is found in increasingly higher quantities in many marine habitats. It can be very harmful to life,
 and is a metal that will concentrate itself in fatty tissues (the gonads and the eggs of organisms). Mercury also impairs
 the process of cell division because it binds to the thiols of the tubulin proteins that make up the microtubules. This
 consequence could have many different effects a developing organism and the centration process, such as effecting the
 microtubule formation in the sperm aster, and the rate of centration. (Mercury, 2000)
     In this study, the hypothesis tested was to see if mercury exposed to sea urchin eggs, would have an effect on the rate
 of centration. It was predicted that as the concentration of mercury increased, the rate of pronuclear migration rate
 would decrease. This would thereby affect the mitotic events and development after centration. 
      This hypothesis was tested on the sea urchin Lytechinus variegatus. This was the sea urchin that was chosen because
 of the timing of the experiment and the weather conditions of the previous fall. This experiment was not run until
 November, 2004, and sea urchin usually shed their gametes in the early to mid-fall. There was also an extensive
 hurricane season prior to the initiation of this experiment, and sea urchin will shed their gametes during storms. (Marty,
 1990) These factors combine, this species of sea urchin is one that will shed in mid to late fall, and the location where
 they are found was relatively unaffected by the hurricane season. 
     The eggs were exposed the eggs to 0, 5, 20, and 100ng/10mL of mercury. The eggs were then fertilized with
 unaffected sperm. It would have been difficult to treat the sperm with mercury because of the nature of shedding sperm
 from a male sea urchin. Immediately after fertilization, the process of centration was timed and observed. 
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     Many marine habitats are being affected by the presence of mercury. If developmental processes are being affected
 by the presence of mercury, so could the genotypes and phenotypes of the species living in these affected waters.
 Learning about these affects will help us to learn about how much mercury organisms can tolerate in their environment
 so that industrial release levels can be set appropriately. 

 Back to Top

II. Materials and Methods

Materials:
    The sea urchins, Lytechinus variegates was used in this experiment for the reasons mentioned in the introduction.
 Standard petri dishes were also employed and became holding containers for the egg/mercury/FNSW mixtures.
 Previously prepared filtered natural seawater (FNSW) was used to mix with the eggs and the mercury. Different
 concentrations of mercury were used, specifically, 5, 20, 100 ngHg in 10mL of FNSW and eggs. These solutions were
 primed by professor Jani Benoit so when added to 10mL of FNSW there would be the correct concentrations of
 mercury in the solution. Standard slides were used to observe the centration process. 3M Doublestick tape was utilized
 as a part of the slide setup. Standard cover slips were used in combination with the slides and the double stick tape to
 form a slide. The microscope that was used was the digital interference contrast microscope. This microscope was
 attached to a Macintosh computer. The program Spot video program version 6.1 was used to capture pictures. The
 camera that was used was spot camera.  Sterile pipettes were used to transport small amounts of liquid. Gloves were
 used to while working in close contact with mercury, in association with goggles to be protect skin and eyes from the
 mercury. It is also worth noting that when working with toxic substances such as mercury, to note the whereabouts of
 all safety features in the laboratory being worked in.  

Methods:
     Previously shed sea urchin eggs from the instructor were obtained. Mercury was added to a total of 10mL of eggs in
 FNSW to obtain the final concentrations of mercury. After obtaining the eggs, the eggs was divided into four groups,
 because there were four concentrations of mercury, 0ng/10mL or the control, 5ng/10mL, 20ng/10mL, 100ng/10mL.
 Then the new volume of eggs was added to four sterile petri dishes. The new volume of eggs in mL was then subtracted
 from ten. This new number is the amount of FNSW needed to add to the eggs so that there is a total volume of 10mL of
 eggs and FNSW to add the mercury to in the petri dishes. For example: 

                    If the starting volume of eggs is 20mL, this number is divided by 4 which equals 
 5mL. This number (5mL) is subtracted from ten which equals 5mL of FNSW. So in each petri dish there will be 5mL

 of eggs and 5mLs of FNSW, giving a total of 
 10mL of mixture of FNSW and eggs. 

The FNSW was then added to the eggs in the petri dishes. The petri dishes were labeled with control: no Hg/10mL,
 5ngHg/10mL, 20ngHg/10mL, and 100ngHg/10mL.  
     The mercury was then added to the petri dishes. The mercury was previously prepared by Dr. Jani Beniot. She
 prepared 5ngHg and 20ngHg solutions. On her instructions 10mL of the 5ngHg to the dish labeled 5ngHg/10mL was
 added. Then10mL of the 20ngHg to the dish labeled with 20ngHg/10mL. 50mL of the 20ng Hg was added to the dish
 labeled with 100ngHg/10mL. These were added by carefully pipetting these concentrations. Nothing was added to the
 dish labeled control 0g/10mL Hg. This control is necessary to see the normal centration process without the presence of
 mercury. It can then be compared to the centration process observed in then different concentrations of mercury.  
     Sperm from either a live testis or a vial of dry sperm was obtained. If the sperm was dry it needed to be activated it
 by adding a drop of sperm to about 2.5mL of FNSW. If the sperm came from a live testis the testis was pinched with
 forceps and the cloudy water that formed around the testis was pipetted. Then a slide was carefully prepared by placing
 two pieces of doublestick tape about as far apart as a coverslip is wide. Then one or two drops of the egg solution and
 one or two drops of the sperm solution was pipetted on the slide and covered with a coverslip.
 Immediately the slide was placed this under the Digital Interference Contrast. This is a great tool for this experiment
 because of its ability to show both the male and the female pronuleus. Filming with Spot version 6.1 sequential images
 started immediately. One egg was focused on at 40 times magnified, and the centration process was observed. After it
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 was clearly seen that centration had occurred, the video was terminated, and saved directly for later analysis. This was
 then repeated with the different concentrations of mercury. 
     Each trial took about a half hour to perform and the entire experiment took about 7 hours to perform. The experiment
 was preformed twice, the first time gaining no interpretable results. The data was not averaged because not enough data
 was collected. Only four eggs were observed; one in each concentration of mercury, and this is not enough to average
 data. 
Quantified:
     This data was quantified by finding pictures of a sea urchin eggs. One before centration had occurred and one after
 centration had occurred. From this measurements of the distance traveled in nanometers could be obtained, and
 compare this to the speed at which this process occurred which was obtained through timing the centration time in
 seconds. Because of the uniform nature of the sea urchin egg, any picture would suffice. From this the rate of centration
 was determined through the equation distance divided by time equals rate for each concentration of mercury. 
Analysis:
     Analysis was done by comparing these numbers in a table and then a graph. The graph was a line graph because of
 the nature of the data. This graph was then reviewed to see if any there were any patterns in the data. Analysis of the
 raw data collected through sequential images was not possible, as it will be seen data was lost through a malfunction of
 the computer system. 
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III. Results

    Notes were taken, so that the rate of centration for each concentration can be obtained. However, due to a computer
 malfunction the images collected as described in the previous section were deleted and lost before interpretation.
 Although a second look at the data was never possible, the events as depicted in the notes can be described. Although
 this is qualitative data and therefore is not conclusive data, as rate of centration is, there are observations that were
 noticed within the different trials.
     In the control, in every concentration, fertilization envelope liftoff occurred within the first min after the sperm had
 been added to the eggs. In the control, the fertilization envelope was uniform around the egg. In the 100ngHg, the
 fertilization envelope was ‘lopsided’, meaning that there was a large gap between the fertilization envelope on one side
 of the egg, and very little gap on the other side of the egg. The fertilization envelope lasted throughout the entire period
 of observations in both the controls and the experimentals. 

Fig 1. Appearance of Fertilization Envelope

      From an experiment run by Cali McGinn, it is also know that mitosis occurred after fertilization. This happened in
 both the controls and all of the experimentals although in 100ngHg, the mitosis was abnormal producing more than two
 daughter cells during the time it takes for one mitotis event to occur. In the 100ngHg there were several defined
 nucleated cells that had not undergone complete cytokenesis. In the controls, 5ngHg, and 20ngHg, the mitosis in her
 experiments looked normal.
     The rate of centration was determined from the data that remained. Because sea urchin gametes are so uniform from
 species to species, a picture was obtained from Gilbert 2000, depicting the centration pathway for the male and the
 female pronulceus. 
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Fig 2. Pronuclear Migration from Gilbert, 2000

    From this figure the distance that the female pronuclues traveled was obtained, and with the data that was collected
 (the speed in seconds that centration occurred) the rate of centration for each concentration of mercury could be
 calculated. 



Bio254 Student Webpage

http://icuc.wheatoncollege.edu/bio254/2004/ajennings/index.html[9/18/2015 1:31:25 PM]

Fig 3. Concentration of Mercury vs. Rate of Centration

    Here it can be seen that the rate of centration declines immediately, then stabilizes, and then increases. 
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IV. Discussion and Conclusions

     The results that were obtained supported the hypothesis proposed. The rate of centration was affected by the
 concentration of mercury but in an unexpected way. The rate of centration first declined steeply and then in the same
 manner increased again. This trend did not fully support the hypothesis purposed but it did support the hypothesis that
 the rate of centration would be affect by the presence of mercury.

 Conclusions:
     Mercury at low concentrations has the effect of decreasing the rate of centration. The mechanism on how this is done
 cannot be concluded from this experiment because of the lack of data. However, it might be speculated that because
 mercury is known to affect the microtubule proteins, the sperm aster microtubule proteins may have been affected.
 (Mercury, 2000) However the different concentrations of mercury seem to have affected the microtubules differently
 because of the difference in centration rate. Because the rate decreased and then increased, it might be assumed that the
 mercury would weaken the microtubules, however another process must catalyze a process in the presence in high
 concentrations of mercury. Perhaps the mercury reinforced the microtubles strength and thereforeit would be more
 difficult for cytokenesis to occur. However, further experimentation must be done to make these conclusions. 
     The main source of error was from the lose of data and the computer malfunction. This however can be easily
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 avoided by the by creating different folders for each individual in the lab, even if partners are collaborating on work.
 This was a huge error in this experiment making this these conclusions more of a correlation analysis than being able to
 determine cause and effect. 
     Further experimentation might be as simple as repeating this experiment and analyzing the results from the video.
 This would result in deeper understanding of the data that is already present, and reveal the mechanism by which this
 data was generated. Other experiments looking specifically at the affect of mercury on the sperm aster microtubules
 could be done. It might be useful to tag the microtubules with fluorescent proteins to get a clearer understanding of the
 process that the microtubules undergo. (Bearer, 1992)
     Through the experiments that Cali McGinn preformed, it was seen that the speed at which the mitotic events occur
 was affected by the presence of mercury. The 100ngHg concentration produced many nucleated daughter cells
 suggesting that the microtubules were what were affected by the presence of mercury. This is concluded because after
 the time that only two daughter cells were expected to form, many nuclei formed, suggesting that the microtubules were
 affected not only in the separation of the DNA, but also in the microtubules used in the cytokenesis because the cells
 had not completely divided from the parent cell. This suggests that it is the microtubules that are affected, however in
 the case of this experiment only further research can determine this. 
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