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I. Introduction

In a phenomenom known as amoeboid movement, certain organisms, and certain cell types, move in a fairly slow manner by extendeding
 appendages known as pseudopodia (Fukui, 2002). These psuedopodia form primarily from the actions of actin filaments, and mysoin proteins to
 contract the cell (Fukui, 2002). The filaments disassociate into unlinked filaments, and then are re-linked (a linked fiber is a fiber that is connected
 to another fiber via a linking protein (Cooper, Hausman, 2004). A collection of cross-linked fibers is also known as a "gel") in a pseudopod to give
 the protrusion structural stability. As a pseudopod increases in size, the cell can displace more and more of its contents into the pseudopod until
 what was once a pseudopod is now so large that it is considered part of the cell body, and the cell has displaced itself into a new position, and has
 therefore moved. This is the process of amoeboid movement; a form of movement which acts via displacement and cellular reformation.

An amoeba is a single-celled organism protozoic organism that lives in freshwater environments such as ponds, rivers, or any other freshwater
 ecosystem.

It is known that actin filaments play a significant role in the motility of cells through their de-linking and re-geling at the movement front (Cooper,
 Hausman, 2004). The role that other cytoskeletal filaments play in amoeboid movement (i.e., not induced by cillarly / flagellar action), has not been
 explored as well to this point. One study showed that by using Nocodazole to depolymerize microtubules, a significant decrease in the movement
 of the cell edge in fibroblasts was apparent (Liao, et. al, 1995). The researchers also noted that only very low concentrations of Nocodazole were
 needed in order to effectively keep the microtubules depolymerized. The drug Nocodazole is a drug that was developed to prevent the
 polymerization of tubulin proteins into microtubules at very low concentrations. Nocodazole renders the tubulin unable to associate with other
 tubulin molecules, and therefore prevents microtubules from forming (Liao, et. al, 1995).

Since microtubules are the source of compressive strength in a cell (Cooper, 2004), it would follow that removing microtubules would in fact have a
 stunting effect of amoeboid movement in an amoeba. Therefore, it was proposed to test the effects of microtubule depolymerization using
 Nocodazole on amoeboid motility using Amoebae proteus. Based on the preceding knowledge, it is predicted that when microtubules are prevented
 from polymerizing in Amoebae proteus, the rate of movement of the organism will show a significant decrease.

The proposed experiment will place amoebae in the presence of Nocodazole to keep the microtubules depolymerized, and will use microscopic
 time-lapse photography in order to visually record the movement of the treated amoebae.

 

II. Materials and Methods
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Materials

Nocodazole (care of Dr. R. Morris)

Pond water (care of Jamie)

Amoebae Proteus (from Connecticut Valley Biological Supply Company)

Corning glassware slides and cover glass

Valap (Vaseline\paraffin wax), from the Wheaton College Biochemistry Department

Nikon Eclipse E400 (for brightfield microscopy)

Spot Insight Camera

Spot Advanced 3.5

Apple Macintosh G4 (Running OS X) with 17' Apple Studio Display

Methods

Nocodazole Treatment to Depolymerize Microtubules

Nocodazole was used here to depolymerize the MT's in the amoebas. The effective concentration was 0.4 µg/ml
 (Liao,1995). The process of treating a sample amoeba with Nocodazole involved placing a droplet of water
 containing at least one amoeba onto a slide equipped with a chip chamber, and then added an equal volume of 0.8
 µg/ml Nocodazole to give an effective concentration of 0.4 µg/ml. The control was a specimen that was suspended
 in pond water, without any Nocodazole present. The slides were sealed by applying Valap to the edges of the cover
 glass.

Time-lapse recording of cellular movement

After intervals of twenty and thirty minutes (Liao et. al. used intervals of 20 minutes to record movement, so I am
 assuming it takes up to 20 minutes for the Nocodazole to show its effects), time-lapse image sequences were taken
 of the amoeba's movement; the time-lapse image sequences consisted of thirty images taken at six-second intervals,
 covering a total time of 180 seconds (Liao, 1995). The images were taken at 100x magnification, using a 10x
 objective on a Nikon Eclipse E400 microscope, using a Spot Insight camera. Currently one trial was used at each
 time interval.

Movement analysis protocol

To measure movement, a tetra-axial measuring grid was developed, with four rays drawn of a sheet of 8.5x11’
 paper. These rays were arranged so that they were two crosses, where two are the standard x-y axis plot, and the
 other two are the same x-y axis rotated 45 degrees, so that an axis is present every 45 degrees (Figure 1).

Figure 1 - Sample of one of the measurement sheets, with its
 eight rays, labeled A-H clockwise, starting at the 12:00 position. The farthest position of the amoeba on each ray
 was marked on the diagram.
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The sheets were then placed on the monitor (Apple Studio Display 17”), so that the top left corner of the paper, laid
 down on its long side, was in the top corner of the image to be measured. The time-lapse images were opened in
 Spot Advanced, and played the image series back at 50% of their original size. A line was placed on each of the 8
 rays to denote the farthest point on that ray that the amoeba is at during the observed time period. A ruler was
 aligned in parallel with the line perpindicular to the axis of measurement (for example, if a measurment was being
 taken on ray B, the ruler would be aligned parallel to line H/D), and then slid up the ray until the some point on the
 ruler reached the edge on the amoeba; a line was then placed on the ray to denote this is as the position on that axis.
 These measurements were taken every 15 frames, so at frames number 1, 15 and 30. The distances from the origin
 to the farthest point denoted on each line was measured in cm using a ruler, and then saved for analysis. The
 average distance traveled per 15 frames on each ray was then determined, and all rays were averaged together at
 each time interval, and divided by the time elapsed in those 15 frames, 84 seconds to reveal the speed of movement
 on the chart, in cm/sec. The measuring sheets and protocol were developed in collaboration with Danielle Kyes, of
 Wheaton College .

 

 

III. Results

 

Time Distance traveled in 84
 seconds (15 frames) in
 um

Distance/second @100%
 (um/sec)

Control 272.27 6.4736
20 Minutes 250.38 5.9976
30 Minutes 185.64 4.4744

Figure 2 - Table showing the interpreted motility data, measured in cm/second on the measuring sheets. All values were rounded to the match the
 measurement with the least precision.

 

As shown in Figure 2, twenty minutes after the cells were treated with Nocodazole, the cells begin to show a decrease in motility from that observed
 in the control.  After acquiring measurements for the distance traveled on the computer, the measurements here were then converted to micrometers
 traveled on the slide for display here.
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Figure 3 - Graph showing the decreasing motility rate over time.

  As seen in Figure 3, the decrease in average motility is correlated with the length of time after the addition of Nocodazole, and the onset of MT
 depolymerization.
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Figure 4 - Graph comparing the motility of amoeba on each axis to each other (at 50% zoom), and to movement on the same axis at different time
 intervals.  The position on the graph of each set of bars corresponds to the same axis on the measuring grid.

 

There was no evidence to show that the slowdown in motility was specific to any given direction, but rather that the decrease in motility was a more
 general phenomenon.  Figure 4 shows no specific pattern correlating the time after the onset of MT depolymerization and unilateral motility rates
 consistently increasing/decreasing.

 



The cell-motility-lowering effects of Microtubule depolymerization in Amoebae Proteus

http://icuc.wheatoncollege.edu/bio219/2003/rborkows/index.html[9/25/2015 4:06:36 PM]

http://icuc.wheatoncollege.edu/bio219/2003/rborkows/control.jpg
http://icuc.wheatoncollege.edu/bio219/2003/rborkows/twenty.jpg


The cell-motility-lowering effects of Microtubule depolymerization in Amoebae Proteus

http://icuc.wheatoncollege.edu/bio219/2003/rborkows/index.html[9/25/2015 4:06:36 PM]

Figures 5a (control) and 5b (20 minutes) - An intriguing side observation was that there seemed to be a tendency for the cell to form less
 pseudopodic extensions after the Nocodazole treatment. The amoeba appeared to move more as one mass rather than spread out in many directions
 simultaneously.

 

 

IV. Discussion and Conclusions

From the results obtained, it is believed that microtubules do have a role in governing the rate of motility of cells, as shown by the decrease in cell
 motility after adding the Nocodazole. In addition, the decrease in motility is not in any specific direction, but rather it is a general and non-specific
 slowdown over the entire cell. These data support the hypothesis that the inhibition of microtubule polymerization would have a pronounced effect
 on the ability of an Amoeba proteus to be motile. It was also gleaned from the presented data that the decreasing rate of motility in the amoebae is
 not specific to any one direction; rather, it appears to be a general motility decrease across all axes. 

These results show that microtubules do play a role in cellular movement, and while the brunt of the amoeboid movement load may be placed upon
 actin/myosin interaction, when an amoeba is deprived of its compressive strength, its motility is definitely negatively affected.  This suggests that
 the way microtubules affect the shape of an amoeboid cell has a significant part to play in the motility of that cell.  Recent research has shown that
 microtubules and the actin cytoskeleton interact with each other, with the modulation of the microtubules playing a role in the formation of
 processes, such as pseudopodia (Keylyshkina et al, 2002). Microtubule mediated-processes have also been shown to suppress the contractility of a
 cell, an attribute associated with the actin cytoskeleton (Bershadsky et al, 1996).  These findings would suggest that microtubules play a role in
 regulating the movement of amoeboid cells in one respect by controlling the contractility of the cell.

In the process of reaching these conclusions, other observations hold potential as research topics of their own, specifically the ideas that the lack of
 microtubules could affect the rate of pseudopodia formation and that the rate may continue to decrease over time warrant more thought.

The numbers presented may not be exact due to the rounding inherent in performing the math, and the human error in taking measurements.

Some observation made during carrying out the preceding experiment regarding the methods in place included thoughts on improving the
 definitiveness of the controls, and refining the methods. The control data would have been helped immensely by adding more trials with different
 specimens, so that an average normal motility range could be established, as opposed to just one number. Since the amoeba do not move at a
 constant speed, having a range would be very useful in determining what deviations after the addition of Nocodazole are actually significant
 enough to be noted. In addition, the delivery of Nocodazole to the organism was fairly rough and not adequately precise. Ideally, one would be able
 to use effective concentration Nocodazole and just wash the water out with the Nocodazole, but this presents a great risk of flushing the organism
 out, as affixing the organism to a cover slip or a slide would severely and artificially hinder its motility. In addition, the data would be more solid if
 it was supported with immunofluorescence that showed a treated organism lacked any visible microtubules, and therefore was properly treated with
 the Nocodazole.

The recent work of Danielle Kyes in studying the results of temperature variability on microtubule formation and cell motility in Amoebae proteus
 has shown again that an absence of microtubules in a cell will adversely affect its motility, and therefore that microtubules do play a role in cellular
 relocation.
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