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Introduction

Due to their microscopy-friendly morphology and amenability to different experimental procedures, amoebae prove to

 be an important and useful model organism for studying a variety of cytoplasmic and cellular events. In the interest of

 this article, Amoeba proteus provides an ideal system in which to study cytoplasmic streaming—the movement of

 particles through the cytoplasm by means of externally generated forces (Bradley, 1973). Fibrillar microtubules and

 microfilaments are believed to be responsible for providing structure upon which motive forces are exerted to allow for

 cytoplasmic particle movement (Pollard & Korn, 1971). Of the different types of filamentous protein, actin has been

 shown to play an integral part in amoeboid movement (Condeelis & Taylor, 1977).

            Actin filaments are a prominent cytoskeletal protein composed of multiple monomeric actin subunits. In their

 unpolymerized state, actin subunits are called globular actin (G-actin). In their bound, polymerized state, groups of

 actin subunits are called filamentous actin (F-actin) (Cooper & Hausman, 2006). The ability of actin subunits to easily

 convert between their globular and filamentous states provides cells with a dynamic structural component. The function

 of actin as a structural protein can be selectively altered or inhibited by the introduction of various drugs, such as

 cytochalasin B, into the cellular environment.

            Cytochalasin B is a compound commonly used as an inhibitor of actin polymerization. Inhibition of actin

 elongation occurs when cytochalasin B blocks high affinity actin filament binding sites necessary for actin

 polymerization (Flanagan & Lin, 1980). Since actin polymerization is inhibited and actin depolymerization remains

 active in the presence of cytochalasin B, the concentration of G-actin increases while the concentration of F-actin

 decreases. This type of selective actin inhibitor proves useful for elucidating the role of actin in various cellular

 processes.

            In this study, we tested the hypothesis that the average relative velocity of cytoplasmic streaming in A. proteus

 will decrease after treatment with cytochalasin B. The findings from this experiment will provide insight into the

 mechanism by which cytoplasmic particles coordinate movement within cells. Specifically, the data resulting from this

 experiment will elucidate the role of actin in the movement of cytoplasmic particles.
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            To test the aforementioned hypothesis, A. proteus were placed in an environment containing cytochalasin B. The

 cytoplasmic particle movement was measured as a function of time at multiple time points following introduction to the

 cytochalasin B environment. This project was conducted in collaboration with another researcher enrolled in Cell

 Biology (Bio 219) at Wheaton College, MA—Amanda Rawson. Both collaborating researchers took part in producing

 data for this publication; however, they have completed individual analysis on the pooled data.

 

Materials and Methods

Materials

All chemicals and equipment were provided by Wheaton College. Solutions were prepared and provided by Dr. Robert

 L. Morris, Wheaton College, MA.

 

Imaging/Perfusion Chamber

Imaging/perfusion chambers were prepared for the imaging of Amoeba proteus and introduction of cytochalasin B or

 control medium. Imaging/perfusion chambers were constructed by placing 4-8 #1 coverslip fragments on glass

 microscope slides as shown in Figure 1. Using a pasteur pipette, amoebae were collected and placed on the glass

 microscope slide. Each slide contained 1-2 amoebae. A 22 mm sq #1 coverslip was placed over the sample and two

 edges were sealed with VALAP (1 Vasoline: 1 Lanolin: 1 Paraffin, slowly heated until melted). During drug treatment,

 the liquid to be introduced was applied to an open end of the imaging/perfusion chamber while the liquid in the

 chamber was removed from the other open end with a kimwipe.
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Fig. 1. Construction of imaging/perfusion chamber. (A) #1 coverslip fragments act as spacers between the glass microscope slide and a 22 mm sq
 #1 coverslip. The water containing 1-2 amoebae is transferred via a Pasteur pipette to the center of the glass microscope slide. (B) The coverslip is

 gently placed over the sample. (C) VALAP is used to seal two edges of the imaging/perfusion chamber.

 

Two imaging/perfusion chambers were created for this experiment (A = Treatment and B = Control). Both

 chambers A and B contained one amoeba each in 150 µl of pond water. For treatment, the 150 µl of pond water was

 exchanged with 150 µl of 40 μg/ml cytochalasin B in chamber A and 150 µl of control medium (pond water) in

 chamber B. Complete exchange of chamber medium was accomplished by performing three consecutive washes with

 the appropriate drug. Additional drug was added to the chamber to compensate for evaporation throughout the

 experiment.

 

Imaging of Amoebae

All Hoffman modulation contrast (HMC) videos and images were acquired on a Nikon Optiphot-2 equipped with a

 Sony DFW-X700 CCD Color Digital Camera Module on a 1.0x C-mount, a Modulation Optic Inc. HMC 10x/0.25

 objective, and a Modulation Optic Inc. HMC 10x/0.9 condenser. The Sony DFW-X700 CCD camera was interfaced

 with an iMac7,1 operated under Mac OS X version 10.5.4.

To locate amoebae, each imaging/perfusion chamber was scanned in a raster motion using the previously

 described settings. When an amoeba was located, the light path was redirected from the oculars to the Sony DFW-X700

 CCD camera. Using BTV version 6.0b1, the region of interest was focused and adjusted for Kohler Illumination. White
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 balance and exposure were automatically calculated and applied for all images and videos. For each experimental time

 point (0, 8, 10, 20, and 30 minutes), a ~10 second video was captured for each chamber.

 

Quantification of Data

The following quantification method was developed in collaboration with Amanda Rawson. All images were processed

 using ImageJ (v.1.32j). To determine the correct pixel to micrometer ratio, an image of a stage micrometer at 100x total

 magnification was utilized to set the scale calibration parameters in ImageJ. Each video was immediately converted to 8

 bit upon opening in ImageJ. The paths of three distinct cytoplasmic particles were tracked over time. The linear

 distance traveled by each particle was calculated by tracing their path with a line and using the Measure function to

 determine the micrometer length of the line. Distances were recorded in Excel for three cytoplasmic particles per video.

 Each distance was divided by the total length of the video in seconds to determine the velocity of the cytoplasmic

 particles. The average velocity of cytoplasmic particles was calculated for each video. Percent of original velocity was

 calculated for each video by dividing the average velocities at 8, 10, 20, and 30 minutes by the average velocity at 0

 minutes and multiplying by 100.

 

Results

Percentage of Initial Average Velocity of Cytoplasmic Streaming

After treatment of an amoeba with cytochalasin B, the velocity of cytoplasmic streaming was found to increase by a

 minimum of 160% from the initial cytoplasmic streaming velocity (Figure 2). After treatment of an amoeba with

 control medium, the velocity of cytoplasmic streamlining was found to decrease by a minimum of 40% from the initial

 cytoplasmic streaming velocity. Overall, the average relative cytoplasmic streaming velocity was found to increase

 after cytochalasin B treatment and decrease after control medium treatment.
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Fig. 2. Average relative velocity of cytoplasmic streaming in Amoeba proteus increases after cytochalasin B treatment.
The velocity of three cytoplasmic particles was calculated for each time point (n = 24 particles).

                                                                                                            

Only one time point was used to calculate the before treatment cytoplasmic streaming velocity. In the before

 treatment videos, the control group amoeba was in motion, whereas, the experimental group amoeba was stationary

 (Figure 3).
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Fig. 3. (Left) Control group Amoeba proteus in motion during 10 second before treatment video (n = 1 amoeba). (Right) Static experimental group
 A. proteus during 10 second before treatment video (n = 1 amoeba). Black lines indicate cytoplasmic particle paths.

 

Discussion

Percentage of Initial Average Velocity of Cytoplasmic Streaming

In this study, we have refuted the aforementioned hypothesis by showing that average relative cytoplasmic streaming

 velocity of Amoeba proteus increases after cytochalasin B treatment. These data suggest that the inhibition of actin

 filament growth by cytochalasin B acts to promote and enhance the movement of cytoplasmic particles. It is also

 important to note that the average relative cytoplasmic streaming velocity of the control amoeba steadily decreased over

 time. The decrease in cytoplasmic particle velocity may have resulted from the imaging/perfusion chamber conditions

 or state and condition of the control amoeba. While these findings correspond with those of Amanda Rawson, the data

 directly contradicts previous research in this field (Bradley, 1973).

            Given that the calculations of relative velocity do not account for amoeboid movement as a contributing factor in

 cytoplasmic particle movement, the aforementioned findings are likely to be an artifact from the measurements at the 0

 minute time point. Since the experimental group amoeba was not motile during the before treatment video, the relative

 velocity calculations appear exaggerated. The control group amoeba was vigorously motile during the before treatment

 video and may explain the decrease in relative cytoplasmic streaming velocity over time.

            If this experiment were to be repeated, more attention would be given to the motile state of the amoebae during

 video acquisition. Accounting for amoeboid movement as a factor in cytoplasmic particle movement is an important

 aspect of calculating accurate relative velocities. In addition, the sample size would be increase from two amoebae to at

 least fifty amoebae to provide a representative data set for analysis.
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Future Experiments

In the future, additional experiments concerning cytoplasmic streaming velocities may prove useful in evaluating

 different aspects of cytoplasmic particle movement. Specifically, examining cytoplasmic streaming velocities in

 relation to amoeboid pseudopodial extension velocity may elucidate the contribution of amoeboid movement in

 cytoplasmic streaming velocity.

 

Acknowledgements

The author would like to thank Amanda Rawson and Dr. Robert L. Morris for their collaboration and assistance with

 experimental procedures and data analysis.

 
References
Bradley, M.O. (1973) Microfilaments and cytoplasmic streaming: inhibition of streaming with cytochalasin. J. Cell Sci.
 12: 327–343.
 
Condeelis, J.S. & Taylor, D.L. (1977) The contractile basis of amoeboid movement. J. Cell Biol. 74: 901–927.
 
Cooper, G.M. & Hausman, R.E. ( 2006) The cell: A molecular approach. Washignton, D.C.: ASM Press.
 
Flanagan, M.D. & Lin, S. (1980) Cytochalasins block actin filament elongation by binding to high affinity sites
 associated with F-actin. J. Biol. Chem. 255 (3): 835–838.
 
Pollard, T.D. & Korn, E.D. (1971) Filaments of Amoeba proteus: binding of heavy meromyosin by thin filaments in
 motile cytoplasmic extracts. J. Cell Biol. 48 (1): 216–219.


	wheatoncollege.edu
	Bio 219 Research Project – Blair J. Rossetti


