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Introduction
 
 

            The cells used for this lab are from the 500 million year old family of sea urchin (Cavanihac, 2000). The sea

 urchin species Lytechinus Vareigatus was chosen because of its availability as well as the ease to which cells were

 extracted. The bodies of sea urchins are made up of rigid, closely fitting bony plates that make up their spherical shell

 (Encarta, 2005). They have made various types of organic matter their food source such as plants, small animals, and

 waste materials (Encarta, 2005). In the case of this lab, yeast will be introduced as an agent to which the immune cells,

 coelomocytes, will capture. The affects of this will be measured.

            The organelles under observation are mitochondria. Mitochondria have a very important role in energy synthesis

 in eukaryotic cells (Cooper, 2004). They are responsible for a majority of the usable energy, ATP, withdrawn from the

 breakdown of fatty acids and carbohydrates (Cooper, 2004). They are comprised of a double membrane system

 separated by an intermembrane space, and their own set of DNA (Cooper, 2004). Mitochondria are the molecular

 aspect of this lab and will be observed in the coelomocyte cells of sea urchins. Their brightness will be measured using

 a fluorescent stain to evaluate the effects of the addition of yeast.

            Adenosine triphosphate (ATP) production is the cellular response studied in this lab. ATP is the main source of

 energy for living cells. It is a high-energy molecule that stores the energy needed for all actions of life and is used in

 almost all biochemical actions that require energy for operation. ATP is found within the cytoplasm and nucleoplasm of

 all cells and is synthesized within the mitochondria. The transferring of electrons produces enough energy to drive the

 synthesis of ATP molecules (Cooper, 2004).

            In order to observe the cellular activity, staining needed to occur which was done using Rhodamine 123 to locate

 the mitochondria of coelomocyte cells. Rhodamine 123 is a fluorescent cationic dye with a high affinity for the

 mitochondria (Emaus, 1986). When used in conjunction with living cells, it will appear to glow green under fluorescent

 light.

            The molecule chosen for stimulation of ATP production was yeast. Yeast cells are unicellular fungi responsible

 for the fermentation of sugars to produce ethanol (Hochstenbach, 2005). They are common in many places such as on
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 plant leaves and flowers, soil, salt water, the skin and intestinal tracts of warm-blooded animals (Hochstenbach, 2005).

 Here they live either symbiotically or as parasites (Hochstenbach, 2005). The reason for the usage of yeast is because of

 their availability, relative size, and because sea urchin coelomocyte cells might sense them as a foreign and

 phagocytose them.

The reason sea urchins were chosen is also because they have a large body cavity and therefore, the withdrawal

 of coelomocyte cells does no serious damage to the sea urchins. These are the cells responsible for their immune

 system. The hypothesis that was tested in this experiment was that if a foreign source is introduced into an environment

 of coelomocyte cells, then the brightness of mitochondria will increase. There is past evidence suggesting that

 mitochondrial stimulation will increase the fluorescent glow (Emaus, 1986). Therefore, if the addition of yeast causes a

 brightening in fluorescence, this will suggest mitochondrial stimulation. The reason this hypothesis was chosen is

 because of the interest we had on the affect of foreign material on mitochondrial activity of coelomocyte cells. Also, the

 staining of mitochondria was a technique that can be applied to many cell types. This procedure can prove to be reused

 with only slight modification.

 

 

 

Materials and Methods

 

Materials:

            The sea urchins were used as specimen. To collect the coelomocyte cells, a needle attached to a syringe was

 needed for the actual injection and extraction and a sterile tube with cap was needed for storing the cells. Poly-lysine

 was used to provide an environment to which the cells with stick. It was added by disposable pipettes to four cover

 slips. Double distilled water was then needed to wash the cover slips. PBS (phosphate buffered saline) was used as a

 buffer. Rhodamine 123 was used as a staining tool which targeted the mitochondria within the cells. A micropipette and

 PBS were needed in preparing the appropriate concentration of Rhodamine 123 solution. After the appropriate washing

 was done, the yeast cells needed to be made into solution by added a small amount to PBS buffer. This was then added

 onto the appropriate cover slip through a disposable pipette. Once the yeast was added, the cover slips needed to be

 sealed onto their own slide. This was done with VALAP (a mixture of Vaseline, lanolin, and paraffin). The slides were

 then observed under differential interference contrast on an Eclipse 80I microscope using  Spot-RT color camera and

 software from Diagnostic Instruments, Inc with a 0.76 x HRD076-NIK converter and 60 x Plan Apo microscope
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 objective.

 

Methods:

            Finding the perfect method for this experiment took many trials. The lab was gradually done over six trials, each

 time improving, modifying and becoming comfortable with the procedure. However, our final procedure produced

 great results. To begin, the sea urchins were injected with a needle in peristomal membrane (Jepras, 1995). Using a 3 cc

 syringe and a 16-18 gauge needle, the complex was inserted into the coelom to suck up a small amount of fluid for

 observation. A falcon 14-mL 17x100mm sterile/gamma irradiated polystyrene round bottom tube with snap cap was

 used to keep the cells together.

Once the cells were collected, the slides were prepared. To do this, four cover slips were treated with poly-

lysine. Poly-lysine is a 0.1 – 0.01 mg/mL solution stored at 18 – 26 ºC used for in vitro adhesion of tissue sections to

 glass slides because it provides a positively charged environment for negatively charged cells. To do this, two drops

 were placed on each cover slip and allowed to sit for 5 minutes. After this time, the excess poly-lysine is removed by

 carefully holding each cover slip individually over a waste bucket and squirting double distilled water over it. The

 cover slips are now ready to be treated with PBS buffer. The four cover slips are placed in a six well dish to allow easy

 incubation. In each of the two wells, enough PBS is added to completely submerge the cover slips and allowed to sit for

 5 minutes. An exact measurement is not necessary as long as the cover slips are kept moist.

During this incubation period, the correct concentration of Rhodamine 123 solution should be made up in

 another falcon tube. Each cover slip will need about 1 mL solution so 4 mL should be made up in total. Therefore, to

 achieve a 1 μg/mL concentration of Rhodamine 123, 4 μL of 1 mg/mL Rhodamine 123 stock needs to be diluted in 4

 mL PBS buffer. Make sure to completely cover the solution with tin foil to avoid bleaching! Once this stain is prepared

 and the cover slips have sat for their 5 minute incubation period, the excess PBS was drained off leaving just enough to

 cover the slides to keep them moist. Draining the slips is done by withdrawing the excess liquid using a disposable

 pipette and disposing the excess into the waste container.

There needs to be a control for this experiment. Before this experiment was begun, coelomocyte cells were

 observed under differential interference contrast (DIC). This was done to be able to have a basis of understanding for

 the appearance of coelomocytes cells being observed. This was done with the same extraction method as previously

 stated. The coelomocytes cells were dripped onto a slide and viewed under DIC. The control will be the coelomocyte

 cells stained with Rhodamine 123 but not fed yeast cells. These two slides were compared to those containing yeast to

 determine if the presence of yeast affects mitochondrial activity. To do so, it must be decided which slips will be treated
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 with the stain and/or the yeast cells. Our cover slips were treated as figure 1 represents. The choice of a control and the

 number of slides made up worked well and produced very good results.

 
Six Well Plate

 
 

Well #1
 
Rhodamine 123 & yeast
 

Well #2
 
Rhodamine 123 w/out yeast

Well #3
 
empty

Well #4
 
Rhodamine 123 & yeast
 

Well #5
 
Rhodamine 123 w/out yeast

Well #6
 
empty

 
Figure 1: The six well plate. Wells #1, 2, 4 and 5 all contain cover slips while wells #3 and 6 are empty.
 The two containing the yeast will be compared to those without the yeast.
 

The 1 μg/mL Rhodamine 123 solution should then be added to the appropriate well plates (in this case, all four

 cover slips were treated). Once the Rhodamine 123 is added, the well plate needs to be immediately covered with tin

 foil to prevent exposure to light and thereby prevent photo-bleaching. Since coelomocyte cells are content at room

 temperature, the well plate does not need to be moved to incubate for 30 minutes. After the incubation period, the cover

 slips were gently rinsed with PBS. It is important to not spray the buffer directly on the cover slip to avoid disrupting

 and dislodging the cells. The cover slips then were suspended in PBS for another 5 minutes. During this incubation

 period, a concentration of yeast needs to be made up. To do this, pour a small amount of bakes yeast into PBS in a

 sterile falcon tube and mix. After the incubation period has been fulfilled, add two drops of the yeast cell concentration

 to the appropriate cover slips, in this case found in wells #2 and 5.

The cover slips now need to be sealed onto slides. Glass cover slip chips need to be made up. An extra cover slip

 was carefully crushed into tiny pieces and carefully collected. One piece was placed using forceps on each corner of

 where the cover slip was to be placed. The slip now needed to be sealed. To do this, VALAP was heated until liquid

 form and gently brushed around the edges of a dry cover slip and slide to seal the slip onto the slide with the cells face

 down.

After the VALAP has completely hardened, the slide was viewed on Eclipse 80 I microscope using  Spot-RT

 color camera and software from Diagnostic Instruments, Inc with a 0.76 x HRD076-NIK converter and 60 x Plan Apo

 microscope objective.  To observe the brightness of the mitochondria, Adobe Photoshop 7.0 was used. The image was

 fluorescent image of choice opened. With the mouse, a box size was chosen that is representative to the amount of

 mitochondria, cytoplasmic glow and as little of the background as possible found in one cell. This box needs to stay
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 consistent through the pictures and each calculation of the mean and highest level for each cell. To calculate these,

 “histogram” under the “image” menu was chosen. The mean brightness level for the histogram was chosen. To find the

 highest level, the mouse was placed over the histogram at the highest point found on the farthest right of the graph. This

 value was recorded as the highest level of brightness for the cell. For each cell found in each image of either slide, this

 procedure was followed. Once the raw data was complied, an average of the mean brightness was calculated for each

 slide. The affect of yeast on mitochondrial brightness can then be determined by comparing the two averages. 

To observe the difference in placement of mitochondria within a cell, Adobe Photoshop 7.0 was also used. The

 images were opened and under the “view” menu, “ruler” was chosen. This applied a ruler onto the picture. Each image

 was kept at the same size (there was no zooming in and out from picture to picture). Since all the pictures were taken at

 the same magnification, this was not a problem. The distance between the two farthest mitochondria was measured by

 reading the ruler.

This experiment took a total of seven weeks to perfect. Once the optimal

procedure was decided upon, the running time is about three hours depending on the extent of imaging done.

 

 

 

 

Results

 

            This lab showed that there was a difference between the brightness of the mitochondria with the presence of

 yeast cells. The observations were all done under fluorescence microscopy. Figure 2 is a graphical representation of the

 average mitochondrial brightness in coelomocyte cells. As pictured, the average brightness for slide #1 containing the

 yeast was lower with n=11. Slide #2 where n=5 had a higher average brightness of 53.67.
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            Figure 3 is a graphical representation of the distance in placement of mitochondria. This was measured within

 each cell according to the pictures taken under fluorescence with the Nikon Eclipse 80I oil lens under 60 x

 magnifications. There was a larger average distance between the mitochondria of the cells on slide #1, n=8, compared

 to those of slide #2, n=4, which did not contain yeast. The reason the measurements are in centimeters is because they

 were taken off the pictures, this does not represent the actual size or proportions of the cells.

            Figure 4 is one of the pictures taken representing the mitochondria on slide #1 which contains yeast. The average

 distance between mitochondria, 0.41cm, is drawn at the bottom of the picture. Again, the average distance between

 mitochondria, 0.83 cm, is given. In these pictures, you are able to comparatively see the brightness between

 mitochondria both with and without yeast cells being present.

Figure 4: One of the pictures taken of coelomocyte cells stained with Rhodamine 123 and viewed under fluorescence

 with yeast present. The bright white circles are mitochondria while the dimmer white surrounding are the cells

 themselves.

Discussion

 

            The results of this experiment refute the hypothesis that if a food source is introduced into an environment of

 coelomocyte cells, then the brightness of mitochondria will increase. Although there was a change in mitochondrial
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 activity with the presence of yeast cells, the overall brightness decreased from 53.67 to 44.42. Since our data does not

 support the hypothesis, the next step would be to go back and repeat the experiment multiple more times. This would

 eliminate any thought of human error and a more firm conclusion as to whether to support or reject the hypothesis can

 be made. Also, the experiment can be run with other food sources or invasive cells such as bacteria.

My focus is on the brightness of mitochondria with the addition of yeast cells and Audrey worked with the

 average distance between them. Her information is important in the overall picture of the function of mitochondria. It

 was found that there is less average distance between mitochondria when yeast is added to the coelomocytes

 environment. It decreases from 0.83 cm to 0.41 cm when the food source is added. The hypothesis that she was testing

 was that if a food source is introduced to coelomocyte cells, then the distance between mitochondria will increase. The

 results of the experiment do not support the hypothesis because the addition of yeast decreased the average distance.

Both my collaborator and my results did not support either of our hypotheses. This could be due to many factors

 including bleaching, the death of the coelomocyte cells, or the lack of data. Any of these aspects would decrease the

 brightness of mitochondria producing the results that were seen. Another reason for the results to not support the

 hypothesis is that the yeast introduced as foreign material may cause a decrease in brightness. To determine the

 appropriate reaction, many other trials should be performed. They should be done with the addition of different

 additives which could range from other food sources or to bacteria. The same procedure can be used however the

 correct concentrations of additions will need to be calculated.

Overall, this procedure produced interpretable results, even though they did not support our hypothesis. We were

 able to observe coelomocyte cells and the Rhodamine 123 stain worked beautifully. The mitochondria, as apparent in

 figures 4 and 5, showed up very brightly. As with any experimental procedure, it can be refined for its next use. In

 doing this again, the concentration of yeast would be decreased. Our slides had too many yeast cells that it made

 finding the cells more difficult. Also, a way to decrease the amount of light allowed to reach the cover slips and slides

 after the Rhodamine 123 is administered will help decrease the chance for bleaching. This will produce better overall

 results.
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