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 123

                        By Abbe Bosk
 
Introduction:
My lab partner Jasmine Bhatia and I studied the effects of caffeine on coelomocyte cells on two different levels. 
 Therefore the parts in this introduction that have to do with broad facts about caffeine were co-authored.
 
            The mitochondria are the primary supplier of energy at the cellular level and play a critical role in the generation

 of metabolic energy in multi-cellular organisms (Cooper, 2005). Mitochondria are responsible for most of the useful

 energy derived from the breakdown of carbohydrates and fatty acids, which is converted to ATP by the process of

 oxidative phosphorylation (Cooper, 2005).  The inner mitochondrial membrane represents the principal site of ATP

 generation (Cooper, 2005).  Therefore mitochondria must be present in cells where there is demand for energy or the

 breakdown of a product.  Because of the need for mitochondria to be in abundance in regions with high energy needs,

 their presence is typically a marker for high-energy cellular activities (Borkowski, 2004). 

            Caffeine is a stimulant which increases metabolic activity, and thus increases the activity of the mitochondria

 (Aucheson, 2004).  The caffeine molecule is similar to the adenosine molecule and binds to the same receptors

 (Haberg, 2000).  The action of adenosine created in the brain binds to adenosine receptors causing drowsiness by

 slowing down nerve cell activity (Aucheson, 2004).  To a cell, caffeine looks like adenosine allowing the caffeine

 molecules to bind to adenosine receptors.  However caffeine does not slow down the cells activities like adenosine

 does.    Instead the cells speed up causing an increase in neural firing (Haberg, 2000).  Caffeine acts on all cells that

 have adenosine receptors, by binding to adenosine receptors (Haberg, 2000).

            When adenosine molecules bind to their receptors the enzyme adenylyl cyclase is stimulated and produces large

 amounts of cyclic AMP with in the cell (Raven, 2004).  Cyclic AMP is a key second messenger molecule, that is a

 small molecule that alters the behavior of particular proteins by binding to them and changing their shape (Raven,

 2004). Cyclic AMP is a cellular chemical that can control rates of metabolic activity (Aucheson, 2004).  Cyclic AMP is

 rapidly metabolized by adenosine and adenosine can bind to the adenosine receptors and induce cyclic AMP production

 (Ravenson, 2004). The cyclic AMP then binds to and activates the enzyme alpha kinase which adds phosphates to

 specific proteins in the cell (Raven, 2004).  The effect of this phosphorylation on cell function depends on the identity

 and function of the cell and the proteins that are phosphorylated (Cooper, 2005). 

            In metabolic cells the alpha kinases phosphorylates and activates enzymes that inhibits metabolic activity and

 thus slow down the cell (Auchenson, 2004).  Thus adenosine molecules binding to their receptors and stimulates

 adenyly cyclase which increases the production of cyclic AMP and PKA (alpha protein kinase) and thereby have the
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 overall cellular effect of decreasing rates of metabolic activity.  Caffeine binding to adenosine receptors blocks the

 adenosine receptors and makes the adenosine molecule unable to bind to its receptor (Aucheson, 2004).  This interferes

 with the whole pathway mentioned above of adenyly cyclase production leading to increased cyclic AMP and PKA and

 decreased metabolic activity.  Caffeine has the opposite effect of adenosine molecules binding to their receptors.  

 When caffeine binds to the adenosine receptors the production of adenyly cyclase and thus cyclic AMP as well as PKA

 are all inhibited.  The inhibition of the production of these molecules has the cellular effect of increasing metabolic

 activity.  Therefore it is known that caffeine binding to the adenosine receptor increases rates of metabolic activity

 (Haberg, 2000).

            Rhodamine 123 is a fluorescent vital dye of active mitochondria in living cells (Johnson, 1980).  This dye

 indicates regions of the cell with high metabolic activity. And is a mitochondria specific dye meaning it only labels

 mitochondria specifically and no other cellular structures (Johnson, 1980).  When excited by a 485nm light, the dye

 emits a green photon revealing its location and thereby the location of the structures they are associated with (Johnson,

 1980).  Rhodamine 123 provides a simple method of quantifying the mitochondrial activity (Johnson, 1980).  As the

 mitochondria becomes less active so does the concentration of Rhodamine 123 molecules over a certain area.  This

 proportional relationship of Rhodamine 123 to mitochondrial activity leads to the following conclusion: the higher the

 activity of mitochondria in a region, the higher the concentration of Rhodamine 123 will be in that region; the higher

 the concentration the brighter the fluorescence (Johnson, 1980).  Due to this fact, mitochondrial activity will be

 measured using Rhodamine 123 dye and luminescent data from collected images.  The brightness of the fluorescence

 will indicate the level of mitochondrial activity. 

            Coelomocyte cells are found inside sea urchins and are the amoeboid immune cells of the body cavity of sea

 urchins (Hillier and Vacquier, 2003).   They are a good experimental model for studying cellular responses such as rate

 and extent of mitochondrial activity (Hillier and Vacquier, 2003).  Different types of coelomocyte cells are found inside

 sea urchins and can be easily extracted and visualized with the aid of a microscope.     In this study we visualized

 coelomocyte cells to determine if there were differences in fluorescence in cells treated with caffeine versus cells not as

 revealed by Rhodamine 123. This study tested the hypothesis that coelomocyte cells treated with caffeine will have an

 increase in mitochondrial activity as revealed by fluorescence from the dye Rhodamine 123.

 

Methods and Materials:
Please note that I co-authored this section with my lab partner Jasmine Bhatia.  Jasmine and I conducted the same
 experiment together and therefore we generated data in collaboration with each other.  Jasmine and I co-wrote a double
 length section as per professor Morris’s requirement for co-authorship. 
 



Introduction:

http://icuc.wheatoncollege.edu/bio219/2005/abosk/index.html[9/15/2015 2:45:04 PM]

Nikon Eclipse E400 Microscope with fluorescence capabilities
Diagnostic Instruments Spot Insight QE Camera, with Spot Advanced 3.5 software
Macintosh G4 with OS X 10.2
ImageJ Image analysis software
Transfer pipettes
Six well plate
Glass slides
Cover slip fragments
Kim wipes
Poly-lysine treated cover slips
PBS buffer
Vaseline/ paraffin wax mixture
1ug/ml Rhodamine 123
20 mili-molar solution of caffeine
Sea Urchin
3cc syringe
16 gauge needle                              
           

Methods:

Extraction of coelomocyte cells from sea urchins:

            We (Jasmine and I) obtained a sea urchin (Lytechinus variegatus).  We flipped the sea urchin (Lytechinus

 variegatus) onto its back side, and injected the 16 gauge needle into the sea urchin (Lytechinus variegatus). We used

 the 3cc syringe to extract the coelomocyte cells from the sea urchin (Lytechinus variegatus).  We released the

 coelomocyte cells into a test tube.

           

           

Staining of the mitochondria and cover slip preparation:

Two cover slips and poly-lysine (0.1-.01ug/ml solution) were obtained. Two of the poly-lysine drops

 (0.1-.01ug/ml solution) were applied to the tops of the cover slips on a Kim wipe. The poly-lysine was left on the two

 cover slips for 5 minutes so that the surface of the cover slip was coated. The excess poly-lysine was removed by

 washing the cover slips with distilled water. A Kim wipe was used to wick excess liquid off the cover slips. We applied

 the coelomocyte cells to the poly-lysine coated side of the cover slips using transfer pipettes. The cover slips were

 suspended in PBS for 5 minutes in a six well plate. The PBS was removed and Rhodamine-123 was added to each

 cover slip. The six well plate was covered with aluminum foil to prevent photo bleaching. 2 mL of 20 millimolar

 concentration of caffeine was added to the experimental cover slip and was again covered and incubated at 370C for 30

 minutes. Chip chambers were prepared on two slides and PBS buffer was added to coat the two slides. After 30

 minutes, the PBS was removed and the cover slips were placed face down on the slides. The cover slips were sealed
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 with VALAP and the slides were cleaned with distilled water and Kim wipes.

 

 

            Imaging the cells using E400 fluorescence microscope:

                        We (Jasmine and I) selected brightfield condenser setting by turning the condender so that “A” was

 visible at the front of the condenser.  We turned the microscope on with the power switch located on the lower right

 hand side of the microscope.  We lowered the stage by turning the large knob on the lower left hand side of the

 microscope clockwise, and turned the nosepiece to select the 4x objective.  We placed the slide on the stage and

 secured it using stage clamps.  We focused on the specimen using the focus knob that was used to lower the stage. 

 Once the specimen came into view we switched to the fine focus adjustment knob and finished focusing so that the

 edges of the specimen were crisp.  Once the specimen was focused we adjusted the condenser by first closing down the

 iris diaphram, located on the top of the light source.  We looked through the eyepiece and focused the condenser by

 adjusting the height of the condenser.  We turned the knob located underneath the stage down so that the edges of

 hexagon were crisp.  We turned the iris ring clockwise and opened.  We turned the nosepiece to the 60x stage and used

 the fine focus knob to bring the specimen back into focus (English et al, 2004).

 

To take image using fluorescence:

We followed the procedure as outlined above.  Then we covered the light source, located under the microscope

 with aluminum foil and turned on fluorescence stage located in the upper center part of the microscope (English,

 2004).  We took fluorescent images of our cells using the spot camera.  We used the same procedure to visualize and

 obtain images for the control and experimental cells.

 

Taking a picture with Spot:

We turned on the spot camera and opened the spot program. Once the sample was in focus, we pulled the silver

 knob on the head of the microscope. We pressed the Live Image button to show a preview of the image. We pressed the

 camera button to capture the image

Quantifying data using photoshop:

                                    I opened the file with the coelomocyte images in spot.  I copied and pasted the image of the

 coelomocyte cells into a new document in photoshop.  I selected area of interest on the image using the rectangular

 marque tool.  I  went to the tool bar located on the top center of the page and then scrolled down to the histogram option
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 and double clicked.  A box appeared that contained the information for mean brightness for the area selected: I recorded

 this number.  For this experiment I quantified one image of control coelomocyte cells and one image of experimental

 coelomocyte cells.  To obtain the most accurate measure of brightness, and ensure that the grey background was not

 selected I divided the area of interest into two regions and then the averaged the mean brightness for the two regions on

 the image.  I used this same exact procedure for the control and experimental images.  I then created a bar graph as a

 visual display of the differences in fluorescence between the control cells and coelomocyte cells.

                                   

Results:

            

           

Figure 1

This image shows the fluorescence of the control coelomocyte cells taken at 60x.
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 Figure 2

 This image reveals the fluorescence of the experimental coelomocyte cells (treated with 20mM caffeine concentration)

 taken at 60x.

Figure 3

n=2

This graph depicts the difference in fluorescence emitted from the control coelomocyte cells vs. the experimental

 coelomocyte cells.  The experimental cells are 53% brighter than the control cells (Figure 3).

            By looking at the image of the control cell versus the experimental cell one can see with the naked eye that the

 experimental cells were more fluorescent than the control cells.  The experimental cells emitted on average 184nm

 more fluorescence than the control cells (figure 3). 

 

 Discussion:

                                                      

                                                       The results obtained support the hypothesis that the fluorescence will be greater in the



Introduction:

http://icuc.wheatoncollege.edu/bio219/2005/abosk/index.html[9/15/2015 2:45:04 PM]

 coelomocyte cells treated with 20mM concentration of caffeine versus the control cells treated without any caffeine.   

 The data obtained from this experiment support the belief that caffeine increases metabolic activity (Aucheson, 2004). 

 The increase in mitochondrial concentration in the experimental cells versus the control cells suggests that there is an

 increased demand for energy in the experimental cells, suggesting that caffeine increases a cell’s demand for energy.  

                                                       Specific signaling pathways and cell-cell interactions were not studied.  Therefore it

 can not be stated with certainty that the caffeine molecules binded to adenosine receptors and inhibited the production

 of adenlyl cyclase which inhibited the production of cyclic AMP and PKA which has the overall affect of decreasing

 mitochondrial activity and therefore decreasing metabolic rates.

                                                       From this experiment the conclusion that can be draw with certainty is that the

 procedure used (specifically with using PBS buffer, and a 1µg/ml concentration of Rhodamine 123 and a 20mM

 concentration of caffeine) is a usable method for staining coelomocyte cells with Rhodamine 123 dye and caffeine

 concentration and obtaining results that can be quantified can be obtained.  The results obtained support the known fact

 that the fluorescent vital dye Rhodamine 123 labels mitochondria in living cells and indicates regions of metabolic

 activity in cells (Immunofluorescence lab, 2005).  It was determined that 1µg/ml is a suitable concentration of

 Rhodamine 123 to stain coelomocyte cells and see fluorescence.   It was also determined that 20mM concentration of

 caffeine is a suitable amount of caffeine to treat coelomocyte cells with .  The concentration of caffeine used caused

 visable differences in fluorescence of cells treated with caffeine versus not treated with caffeine.. From the images

 obtained it can be concluded that the cells treated with caffeine had greater metabolic activity than the control cells that

 were not treated with caffeine.

                                                       One must be very cautious when drawing conclusions from these results because only

 one image form each condition of the experiment (control and experimental) were quantified.  In addition the

 experiment was performed only once.  The results obtained represent preliminary data obtained from one trial therefore

 many sources of experimental error could account for the results obtained.

                                                       First of all the results found may have occurred by chance.  There may have been

 differences in the coelomocyte cells used for the control condition versus the experimental condition which accounted

 for the differences seen in metabolic activity between the two groups. For example the coelomocyte cells used for the

 experiemental condition may have been more active than the control cells which then may have caused the differences

 seen in rates of metabolic activity and the different rates in metabolic activity were not actually due to the experimental

 cells being treated with caffeine. 

                                                       It was observed that photo-bleaching of Rhodamine 123 occurs rapidly if the treated
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 cells are exposed to any light.  Therefore it is possible that through the process of staining the coelomocyte cells onto

 the cover slips and then physically transferring the cover slip from the lab bench to the fluorescence microscope 

 located in the front of the room the cells began the process of photo-bleaching.  It is possible that the control cells were

 exposed to more light than the experimental cells, and thus photo-bleached more than the experimental cells which

 would account for the differences observed in fluorescence between the control cells and experimental cells.

                                                       Experimental error may have occurred during the process of visualizing the images. 

 Because so few images were obtained it is possible that the differences observed in fluorescence between the control

 and experimental cells were due to chance, that is the image that was taken of our control cells happened to be less

 fluorescent that the image taken of our experimental cells, however if we took multiple images of out cells some of the

 images of control cells would have been more fluorescent than the images of our experimental cells. To eliminate these

 sources of error mentioned above this experiment should be repeated multiple times and a significantly greater number

 of images should be quantified to validate that caffeine causes an increase in metabolic activity in coelomocyte cells.  It

 is very possible for this to be done because a procedure has already been developed. 

                                                       This experiment can serve as a jumping off point to study in more detail the specific

 effects of caffeine.  Future experiments should look at the signaling pathways and receptors that caffeine acts on.  One

 could determine if indeed caffeine binding to adenosine receptors inhibits the production of adenyly cyclase and cyclic

 AMP.  It could also be determined if different concentrations of caffeine have different effects on cells.  Does a small

 concentration yield significantly lower rated of metabolic activity?  Does a larger concentration generate a significantly

 greater rate metabolic activity?  Is there an amount of caffeine that is so great that causes cell death?  These are all

 questions that could be studied in the future.

                                                       Other future experiments that should be done to extend our results in new directions

 include looking at different tissue types and seeing if there are similarities or differences in how the cells in specific

 tissue’s respond to concentrations of caffeine.  For example an experiment could be done that compare cells’ response

 to caffeine in neural tissue versus muscle tissue. This experiment should also be expanded to different organisms to

 determine if there is a uniform metabolic response to caffeine or if the effects of caffeine depend on the cell type  

                                                       Caffeine is a cardiac stimulant and has many known physiological effects such as

 increased heart rate, tightened muscles, and the blood flow to the stomach deceases (Auchenson, 2004). Very high does

 of caffeine (consuming more than 1000mg per day) can cause serious health problems such as cardiac arthymia which,

 is an irregular heartbeat (Auchenson, 2004).  It is important to understand how caffeine changes cellular behavior in

 order to understand and explain the physiological effects of caffeine.
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