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Introduction:

This study looks at the distribution of acetylated tubulin along the length of the cilia on sea

 urchin embryos. Cilia are microtubule-based structures composed of polymerized tubulin that form

 throughout the blastula and gastrula stages of sea urchin development and are involved in motile and

 sensory functions of cells (Gilbert, 2000). Tubulin is an abundant ciliary protein that makes up its

 axonemal structure and plays a large role in regulating and maintaining ciliary length and stability.

 As the tubulin forms the outer microtubule doublets of the cilia’s skeletal axoneme, it undergoes

 posttranslational modifications such as acetylation. The acetylated tubulin of cilia is what causes the

 high stability of its axonemal tubules (Ishikawa & Marshall, 2011). The stability of cilia is an

 important aspect of its structure because it increases a cilium’s ability to maintain its regulatory

 length for proper functioning.

Sea urchin development is often studied using an immunofluorescent technique that uses

 specific antibodies paired with fluorescent dyes to target specific proteins and their

 location/distribution throughout cells and cell tissues. In this study, we immunofluorescently labeled

 sea urchin embryos during gastrulation to detect the presence of a-tubulin and acetylated tubulin in

 the embryo and its outer cilia. This experiment tested the hypothesis that acetylated tubulin is more

 concentrated at the tip of the cilia as opposed to the base.

Methods and Materials:

The immunofluorescence staining of sea urchin embryos was performed using the guidelines
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 developed by R.L.Morris in consultation with Drs. J. Henson and B. Shuster, MBL, Summer 2008.

 The methanol (MeOH) fixation of the urchin embryos used in this experiment was previously

 prepared and completed by instructor Bob Morris, in the year 2008. The procedure was carried out

 following a few changes to the original protocol. In step B-14, humidity chambers were made and

 wet cover slips were transferred to pedestals. In step E., we combined steps 26 and 27 so that all

 three coverslips (2 experimental and 1 negative control) were labeled with primary anti-acetylated

 tubulin antibody. In step F, the excess primary antibody was washed off and then two steps were

 added. In F32.1 the total time the primary antibody was on the cover slip was noted, and in F35.1

 after the final wash, 2 mls of block buffer was added and the dish was returned to the refrigerator for

 proper temperature control. The final steps remained as imaging on the Nikon Eclipse 80i

 fluorescence microscope, and finding results to quantify from these images.

In order to determine the base and tip of the cilia using immunofluorescence, the images that

 indicated the presence of a-tubulin (green) and acetylated tubulin (red) were condensed into an

 overlay image and analyzed. The green tubulin indicated the base of the cilium and then red

 acetylated tubulin was significant to the length of the cilium. The computer program, imageJ, was

 used to measure the brightness along the length of clearly defined cilia. This program allowed me to

 measure along the length of a cilium, from which the program generated a list of brightness values,

 including the mean, minimum, and maximum brightness of the highlighted cilium. I then used five

 brightness values from the tip of a cilium and five values from the base of the cilium, and calculated

 the average brightness for the tips and bases of each cilium in the data set (n=10). Because each

 cilium varied in brightness range, the averages needed to be calculated into percent values in order

 for the data of all ten tips and bases to be equally quantifiable with one another. For all ten cilium,

 the percent brightness at the tip and base were calculated using the average tip or base brightness/

 the max brightness of the cilium. The tip percentages were then averaged along with the base

 percentages. These two average brightness values along the tips of cilia and bases of cilia were

 analyzed to formulate conclusions.
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Results:

 
Fig. 1: An image of cilia on two sea urchin embryos during fixed at the
gastrulation stage, illustrated by Alexafluor 546 immunostainging to brighten the acetylated tubulin
 present.
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Fig. 2: An overlay image created from two images with immunoflorescent staining patterns of
 acetylated tubulin and a-tubulin. The glowing green dots indicate the presence of tubulin in the cells
 cytoplasm near the basal bodies, where the red acetylated tubulin cilia extends from.
 

 

Fig. 3: A graphical representation of the average percent brightness from the max brightness of ten
 cilia at the tip and base of each cilium. It compares the average brightness at the tips of the ten cilia
 to the average brightness at the ends of the ten cilia to indicate where the brightness is highest along
 the ciliary structure.
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Immunofluorescent staining with primary anti-acetylated tubulin antibody and Alexafluor 546

 indicated that cilia were abundantly present on sea urchin embryos during the gastrulation stage of

 development. The cilia present in the images generated from this experiment, appeared a glowing

 red all along the length of its axis from base to tip. Figure 3 shows the average percent value for the

 brightness at the tips and bases compared to the overall brightest value on each cilium. From this

 graph, it can be inferred that overall, the tips of cilia are brighter than the bases of cilia. The

 brightness value, based upon immunofluorescent staining, is positively correlated with the amount

 of acetylated tublin present in an area along a cilium. The areas that emit the brightest red light have

 the greatest amount of acetylated tubulin. Therefore, the concentration of acetylated tubulin is

 greater in the tips of cilia than at the bases.

Discussion:

            The hypothesis stating that acetylated tubulin is more concentrated at the tips of cilia than at

 the bases is supported by the results collected from this experiment. The importance of acetylated

 tubulin in cilia is its characterization of microtubule stability. The timing of which a-tubulin

 undergoes acetylation is not yet known, but scientists suggest it to occur in the presence of

 microtubule assembly. Acetylated tubulin is thought to be a contributing factor to the regulation and

 stability of microtubule assembly (Perdiz, Mackeh, Pous & Baillet, 2010). The assembly of a

 cilium’s microtubule outer doublets occurs at its distal end, to where it will progress further away

 from the base into the extracellular space. New tubulin is continuously added to the cilia’s tip to

 restore the tubulin that is lost to the degradation of old tubulin. The cilia do not continue to grow, but

 the new acetylated tubulin is added to maintain the cilia’s length at which it is suitable to function

 (Ishikawa & Marshall, 2011). As the axoneme increases in length, so does the acetylated tubulin

 required for microtubule assembly and function. Therefore, it is not surprising that a higher

 concentration of acetylated tubulin lies at the tips of cilia rather than at the base near the cytoplasm
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 where the a-tubulin is not yet acetylated.

         The mechanism of posttranslational modifications on proteins such as tubulin is becoming a

 topic of great interest because of acetylated tubulin’s activity in cellular functions and microtubule

 modifications. The results from this experiment that show acetylated tubulin presence along the

 length of a cilium and a higher concentration at its tip supports the literary research that states a

 close relationship between microtubule assembly and acetylated tubulin. The mechanisms as to

 when the a-tubulin becomes modified and acetylated are still unknown, but the basis of this

 experiment can be transferred to earlier developing sea urchin embryos. Since we know that cilia

 formation begins at the blastula stage, we can track the amount of acetylated tubulin as the cilium

 grows to see when exactly it begins to appear. Immunofluorescence staining can give us wonderful

 insight to the location and potential functions of proteins within embryos that are crucial to the

 overall function of a cell or cells.
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