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Introduction:
Immunohistochemistry is a process by which the location and abundance of a protein can be measured by

 exploiting the principles of antibody to antigen binding to attach a staining molecule to a biological sample. Any
 protein for which you have an antibody for can be labeled in this manner by washing a sample in antibodies which will
 then bind to the antigen of their corresponding protein (Morris 2012).

Tubulin is one of several members of a small family of globular proteins. The most common members of the
 tubulin family are α-tubulin and β-tubulin, the proteins that make up microtubules. Microtubules are 25-nm wide
 hollow cylinders of protein found in almost all types of eukaryotic cell and act as a vital cytosketal structure that is able
 to form lattices to support the cellular membrane, arrange chromosomes during mitosis, act as highway for cellular
 transport and create movement from the beating of specialized tubulin structures called cilium or flagellum. The
 arrangement of microtubules varies according to cell type and to the stage the cell is at in its duplication cycle. In most
 cells, the plus ends of microtubules are constantly growing until the concentration of free tubulin falls below its critical
 level, then shrinking and growing again. This dynamic behavior allows tubulin to reach into all regions of the
 cytoplasm. In particular, it enables a motile cell to change shape, extending some parts of its boundary and retracting
 others. Then, before dividing, all eukaryotic cells rearrange their microtubules to construct a bipolar spindle, (Amos
 2005).

The longevity of tubulin structures is extremely dynamic throughout the cell, with chains of tubules constantly
 forming and breaking down. In some roles a more stable structure is required to provide a cell with a function such as
 movement and so the tubulin to tubulin bonds are acetylated by an enzyme within the cell. This added acetyl group
 adds stability to the tubulin structure so that is does not break down.

Study of this topic is highly important because tubulin is present in all eukaryotes and the behavior of such a
 fundamental molecule has wide reaching implications across many species (Amos 2005). Cilia are often used as
 chemical receptors as well as sources of locomotion both within single cells and in multicellular organs so that the
 formation and longevity of a tubulin lattice, especially in early develop is of critical importance and presents highly
 valuable research (Morris 2012). In humans the study of anti cancer drugs has already been well tested and further
 research is currently ongoing. These drugs work by inhibiting the formation of tubulin because this will interfere with
 cell division and thus have more effect on fast-growing cancer cells than on most other cells in the body (Amos 2005).

My hypothesis is that the cells that form the archenteron tube will contain a lower concentration of acetylated
 than other cells not within the archenteron of the embryo.

This study was conducted by immunofluorescently labeling gastrula stage sea urchin embryos to detect the
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 position and concentration of both tubulin and acetylated tubulin within the entire embryo and then comparing relative
 amounts to extrapolate whether or not my hypothesis is true.

Materials and Methods:
The materials and methods used to carry out this experiment are described in the “Immunofluoresecent staining

 of sea urchin embryos, MeOH fixation (for classroom use, adherent embryo technique)” protocol designed and written
 by Prof. Morris in consultation with Drs. J. Henson and B. Shuster, MBL, in the Summer of 2008 as well as the
 accompanying “supplement 1” (Morris, 20012).

Several changes were made to the method: In steps B 13 and 14 the coverslips had already been prepared and
 were of untreated glass to give them an anionic charge so these were skipped. For all of the antibody excluding
 Hoescht, the concentrations were doubled in strength in order to counteract any potential detriment that the age of the
 embryos or the age of the antibody would have upon the antibody to antigen interaction.

The incubation times are as follows: slide with Polylysine incubation was 3 days instead of 15-60 minutes. The
 block buffer incubation was 48 hours and the hoescht incubation was 2.5 hours.

During the experiment I kept one slide as a control group. This control was fixed, blocked and washed entirely
 the same as with the experimental groups except no antibody was ever added. A control group without antibody is
 important because without this we would not know whether or not the cell inherently glowed by autofluoresence or if
 the antibodies were even working.

I observed that my sea urchin embryos stuck quite well to the polylysine treated glass slides with very few
 floating away in the PBST wash. That under the 3 different frequencies of light my embryo glowed in 3 different colors
 and in distinct places and I also observed that my control had little to no glowing of its own when put under the scope.
 This was confirmed by professor Morris who said my control was as he expected (Morris 2012).

My analysis was of the concentrations of both tubulin and acetylated tubulin in 2 specific regions of the gastrula stage
 embryo. I, with the help of Professor Morris imaged my experimental slide using blue light to excite the green
 florescence of the labeled tubulin and green light to excite the red fluorescence of the labeled acetyled tubulin. I then
 took images of the same slide for each of the different light frequencies in the same position on the slide. I then used the
 freeware programme imageJ to analyze the relative brightness of the two images in two defined regions. I then took the
 mean brightness of the two regions for both tubulin and acetylated tubulin and then created a ratio of total tubulin at
 acetylated tubulin by dividing these the value of tubulin by the value of acetylated tubulin.

I used entirely unaltered or enhanced images to preserve the matching coordinate planes for data extrapolation as well as
 to keep the image brightness at its original value.

In image I used the ellipse tool to circle of a box starting downward at x= 616 pixels and y= 558 pixels of the
 1600x1200 pixel image for the archenteron with a width of 160 pixels and a height of 194 pixels for a total area of
 24700 pixels. Since the images are the same size and in the same place I simply used the same exact coordinates and
 size of ellipse for tubulin and acetylated tubulin.

For my other tested area I chose, at random a spot within the embryo with coordinates of x=650 and y=350 with a width
 of 160 and height of 194. This gave me an ellipse that did not overlap any of the previously measured area but was the
 same size.

 

Results:
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Figure1 Image 1: The image from which the tubulin concentrations were drawn form. The embryo measured is in the
 center of the image with archenteron being the light circular area.
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Figure1 Image 2: The image from which the measurements were taken for acetylated tubulin concentration. The embryo
 measured is in the center of the image with the archenteron in the same position.

 

 

 

Figure 2: A graph showing the relative amounts of acetylated tubulin to tubulin in both the archenteron and the non-
archenteron region of a sea urchin gastrula as measured by brightness values.
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The results show that in the region of the archenteron there is almost a 1 to 2 ratio of acetylated tubulin to non-
acetylated tubulin present in the region of the archenteron. This is contrasted with the much nearer 1 to 1 ratio outside of
 the archenteron region.

For every unit of brightness representing tubulin concentration in the archenteron there were only 0.5457 units of
 brightness for acetylated tubulin.

For every unit of brightness representing tubulin concentration in the non-archenteron region there were 1.162
 units of brightness for acetylated tubulin.

 

Discussion:
My hypothesis was that the cells that form the archenteron tube will contain a lower concentration of acetylated

 than other cells not within the archenteron of the embryo. I can conclude that this is indeed true from the collected data.
 There is a clear difference in the amount of acetylation that is occurring in the archenteron when compared to the rest of
 the embryo. The ratio of acetylated tubulin in the archenteron when compared to rest of the embryo has a clear
 disparity. Since my values are relative brightness this has already taken into account a possible difference in the number
 of or value of cells in the archenteron as opposed to the rest of cell. In the same area there is clearly less acetylated
 tubulin than non-acetylated tubulin in the archenteron when compared to a region with no archenteron.

The results confirm my hypothesis and are as I expected. I formed my hypothesis based on the fact that each
 time a cell splits it must deconstruct its tubulin structures within the cell. As found in a study done 2007 with zebrafish
 the amount of soluble tubulin in the gastrula was much higher than in rest of cell for the reason that because if a cell is
 rapidly dividing then there is little reason to align the tubulin in the long lasting structures though the cells still do
 contain the enzyme that acetylates tubulin they simply choose not to (Jianxiong 2007). Studies in other species have
 supported the idea cells in the gastrula will lack acetylated tubulin. Drosophila show that rapid undifferentiated
 celluarzation also prevents long-term tubulin modification e.g. stabilization from an added acetyl group (Wolf 1988).

Based on this it seems that there is a potential connection between sea urchins and many other species. From this
 I would recommend conducting my same study but using mouse embryos. If this same lack of acetylation was found to
 present in mammals I can see potential blocking of acetylated tubulin in cells by knowing out the enzyme that conducts
 the acetylation and then observing the results to better understand the role of tubulin stabilization in development.
 Blocking or knocking out the acetylace enzyme and then observing birth defects in a mouse would help form a better
 picture of the role that stabilized tubulin plays in development.
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