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Introduction

            Pseudopodia are temporary projections of eukaryotic cells. Cells that can produce pseudopodia are generally

 known as amoeboids. The contraction and extension of pseudopodium occurs by reversible assembly of actin subunits

 into microfilaments. Pseudopodium formation is what is responsible for the movement of amoeboids. Filaments near

 the end of the cell interact with myosin causing contraction. The pseudopodium then extends itself until the actin

 reassembles itself into a network. In this study we tested the hypothesis that Cytochalasin B inhibits the rate at which

 pseudopodium form in Amoeba specimens (Bradley).

            Cytochalasin B is a fungal metabolite that has the ability to bind to an actin filament and block polymerization,

 thus blocking the elongation of actin. Cytochalasin binds to the plus end of microfilaments. This binding causes the

 bound end of the microfilaments to stop the assembly and disassembly of actin monomers. Once bound the

 Cytochalasin essentially caps the end of the actin filament. Actin microfilaments are studied using cytochalasins. Due

 to their chemical nature, they help researchers understand the importance of actin in various biological processes

 including actin polymerization, cell motility, ruffling, cell division, contraction, and cell stiffness. Cytochalasin B is

 used in this experiment because we are observing the rate of pseudopodium formation and cytochlasin helps inhibit

 such a movement by interacting directly with actin (Bradley).

            The organism this drug is being studied in is an amoeba. An amoeba was chosen because it readily forms

 pseudopodium as a normal function for its own mobility in its environment. Amoeba is also easily accessible to study.

 Amoebas are unicellular organisms that are part of the amoeboid family. Amoeba also does not have a definite shape,

 making them easily move around and transform in solution (Encyclopedia Britannica). Since the mode of mobility for

 an amoeboid is pseudopodia and a definite shape is lacking, this makes them a good choice for this study.

            Cytochalasin also affects cytoplasmic streaming         by reversibly inhibiting it. This suggests that the

 microtubules play one part in the structure that provides the streaming force. Since the forces that generate cytoplasmic
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 streaming are not well understood, the microtubules and microfilaments are candidates for such a function (Bradley).

            The key player in all cytoskeletal interactions is actin. Actin filaments form the microtubules that are going to be

 tested. Cytochalasin B is a drug that affects actin polymerization directly. Thus in this study, we are indirectly

 observing how the Cytochalasin B slows down the rate of actin polymerization of affect pseudopodium formation in

 our Amoebae.

Materials and Methods

            The specimen that the experiments were performed on was Amoebae. Water obtained from Peacock Pond was

 used as the control and is referred to as “pond water” in the rest of this report. Cytochalsin B was used as the drug

 whose affects were being tested on the Amoebae. Chip Chamber flow cells are constructed of a slide with broken glass

 pieces used to increase the space between the cover slip and the slide. VALAP is applied to the top and bottom of the

 cover slip and a flow chamber is created.

Observations were made on a Nikon Eclipse E200 microscope under 10x Magnification. The microscope was

 connected to SPOT imaging software which shows images on a Macintosh desktop computer. Spot software allows for

 still images and time lapse movies. Handheld pipettes were used to insert the drugs into the flow cell. Kimwipes were

 also used in drug application.

Specimen and drugs were provided by Professor Robert Morris of the Wheaton College Biology department.

 Microscopes, computers and software were provided by Wheaton College in the ICUC. Pond water was obtained

 locally while the origins of the Amoebae and the Cytochalsin B were not provided. The SPOT software version was 4.6

 and preconfigured for the connected camera on the microscope.

            The first step was to prepare two chip chambers. To make a chip chamber, coverslips must first be crushed to

 form small particles of glass. These glass particles are then strategically placed in the center of the slide underneath the

 area where a cover slip would be placed. These particles maintain space between the cover slip and the slide to keep the

 specimen in between from being crushed. Once the slide has the small glass particles on it, droplets of water containing

 amoebae are inserted onto the slide. A cover slip is carefully placed on top, making sure not to let the amoebae in

 solution slide out. Then the top and the bottom of the slides are sealed with VALAP.

            Next, the slide is placed under the Nikon microscope and focused into an amoeba using 10 x magnifications. An

 image is drawn to the screen and pictures are taken using the SPOT camera. Pond water is used as the control for the
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 experiment. To test pseudopodia growth a time lapse is performed at 30 second intervals. The difference in growth of

 the pseudopodium is recorded and divided by the time of the time lapse to give us a micrometer per second ratio. The

 micrometers are measured by measuring pixel sizes in the recorded images of the pseudopodia. Then this pixel size is

 dived by the conversion factor of 1.63 obtained by using a stage micrometer. The stage micrometer was photographed

 under the microscope at 10 x magnification and the ratio of 1.63 pixels to 1 micrometer was determined. After the rate

 was determined the test is repeated with the control two more times for a total of three results. This process is repeated

 for both slides resulting in six control values which are then averaged and analyzed further in Microsoft Excel.

            Then, using a kimwipe and a pipette Cytochalsin B is applied to the slide. This is done by placing the kimwipe

 on one open side of the flow chamber so it can suck out some of the liquid and suck in some of the applied drug. Five

 minutes elapse and another time lapse is taken. The same procedure is used to determine pseudopodia growth rate as in

 the control trials. Overall six time lapse trials were conducted on two different slides arbitrarily. By the time all the tests

 were finished time had elapsed from 5 minutes to 9 minutes. Different pseudopodia were chosen randomly for time

 lapse observation.

            Finally, the slide is observed after the drug has been applied for thirty minutes. Six more randomly chosen time

 lapses are taken and the pseudopodia growth rate is recalculated using the same procedure as previously mentioned.

            Finally, the results are tabulated into an excel file where averages and standard deviations are taken. This data is

 then used to make a graph. Also previously taken pictures have scale bars inserted into them so the relative size of the

 organism is apparent to the observer.

Results

                  The rate of formation for Pseudopodia in Amoeba is dramatically hindered when Cytochalsin B is applied, as

 determined by the results of the experiments run on Amoeba 1 and Amoeba 2. Figure 1 demonstrates how the

 pseudopodium formation rate alters after Cytochalsin B is applied.
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Figure 1: This figure shows the formation rate of Pseudopodia during application of the control, and Cytochalsin B after 5 minutes and
 after 30 minutes. For each test cycle, n=6. The average of these six values was taken to calculate the data above.

The control has the highest Pseudopod formation rate averaging at 3.33 micrometers per second of growth for n=6

 results, with a standard deviation of 0.52. After the amoeba was exposed to Cytochalsin B for five minutes the rate of

 pseudopodia growth lowers to an average of 2.51 micrometers per second for n=6 results, with a standard deviation of

 0.40. After 30 minutes of exposure to Cytochalsin B, the formation rate of pseudopodia decreased more to an average

 of 1.30 micrometers per second for n=6 samples, with a standard deviation of 0.30.

            The change in pseudopodia formation on average between the control and five minutes of drug exposure is a

 decrease of 0.81 micrometers per second. Thus after 5 minutes of exposure to Cytochalsin B, the rate of pseudopodia

 formation has dropped 24.32%. The rate of pseudopodium formation, after 30 minutes of exposure from 5 minutes of

 exposure, to Cytochalsin B further decreases by a rate of 1.21 micrometers per second. The change is rate of

 pseudopodia formation from 5 minutes of drug application to 30 minutes is 48.21%. Thus on average, starting from the

 control to 30 minutes of exposure to the drug, the rate of pseudopodia formation decreases by -2.02 micrometers per

 second. This rate of formation is a 60.66% change from the starting control. This change in rate of growth is apparent in

 the size of the pseudopodia that is formed as indicated by figures 2, 3 and 4.
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Figure 2: This image was taken using a Nikon Eclipse Microscope at 10x magnification. This is an image of an amoeba at a control stage
 before any drugs were applied. Only pond water is applied at this stage. The pseudopodia are growing at the fastest rate here, averaging
 3.33 micrometers per second. (Laliberte)

Figure 3 shows the amoeba after five minutes of Cytochalsin B application. The rate at which pseudopodia are forming has decreased by
 24%. Newly forming Pseudopodia also appear to be smaller. (Laliberte)
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Figure 4 shows the amoeba after a 30 minute exposure to Cytochalsin B. Pseudopodia growth rate has slowed by over 60 percent from
 when the drug was first applied until this point. Pseudopodia are growing smaller and thinner, possibly another result of the drug.
 (Laliberte)

                  Figures 2-4 demonstrate the slowdown in the rate of pseudopodia growth in the Amoeba samples tested.

 Accompanying the slowdown in pseudopodia growth rate is also the size of the newly formed pseudopodia after the

 application of the drug. They appear to be growing smaller and thinner. Also as pseudopodia growth slows so does the

 movement of the amoeba from place to place. As the impact of the drug progresses it also appears that pseudopodia

 grow slower in all directions rather than uniformly into one direction. This uncontrollable equally slow growth also

 contributes to the slowdown in overall movement of the amoeba.

Discussion

                  This experiment shows that the rate of pseudopodia growth in amoeba clearly decreases when Cytochalasin B

 is applied to the specimens. After a five minute period, a drop in pseudopodia rate was clearly noticeable with a much

 more clearly noticeable drop after a 30 minute period of Cytochalasin B treatment. The results affirm that Cytochalasin

 B is an inhibitor of pseudopodia formation. After 30 minutes the rate of formation decreased by over 60% on average.

 Since amoebas move via Pseudopod formation, it can be concluded that Cytochalasin B also inhibits Amoeba mobility.

 These results only confirm results of other similar experiments that were conducted by other researchers at the same

 time (Manguso).

            Sources of error include the sample size, drug concentrations, and human error. Sample size is a big part of any

 possible error because only two different slides were prepared and tested. If more slides were prepared, more data

 would be available, thus a stronger conclusion could be inferred from that data. A second source of error could have
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 been the concentration of the Cytochalasin B. Since the Cytochalasin B concentration was added to a pond water

 solution the exact concentration was unknown. The technique with the kimwipe suctioning water to pull in

 Cytochalasin B also does not leave the researcher with a very computable value for Cytochalasin concentration. It is

 also very possible that the kimwipe sucks out some Cytochalasin as well as pond water once it makes contact. Finally

 the last possible source of error is human based. Not all the tests were conducted at exactly five minutes or thirty

 minutes after application. Thus effects of Cytochalasin varied with time and since the time interval was not exact, the

 results are truly based on an approximate time as opposed to a definite time. Thus, we can say that the results were

 recorded in between time intervals of plus/minus four intervals as opposed to being exact but the change in behavior

 was never accounted for in this time period.

            In future experiments, there are multiple things that can be done to improve this experiment. The first is to run

 more slides with more amoeba samples. More samples and experiments will insure more accurate data leading to better

 results. Next, concentrations of the applied drug can be more precise or premixed into a solution into which the amoeba

 is injected to it can be determined exactly how much of the drug is needed to have a maximum effect. Next, the services

 of a statistician should be utilized to better pool the data and perform the necessary statistical tests. Through such tests,

 the researcher can know whether certain data points are outliers and can be discarded and better comparisons can be

 made between different groups of data. Tests such as the T, P, and Q test can be performed to better insure certain

 comparisons and to either prove or disprove the hypothesis. Also, clearer definitions of what pseudopodia will be

 considered will also help improve further results. By implementing size or directional limits one may be able to further

 study why an amoeba moves in a certain direction.

            Future experiments to refine the data observed from this experiment can include but are not limited to varying

 time and concentration. The first is studying the effects for a prolong period of time. What will happen if Amoeba are

 exposed to Cytochalasin B for 1 hour or 24 hours? The second part would be to vary the concentration of the drug.

 Studies can include a low concentration of the drug over an extended period of time or vice versa. Also another

 interesting case to look at is what is the highest concentration the cell can tolerate before it goes into apoptosis.
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