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Introduction

            Immunofluorescence is a technique using florescent dye to covalently bond to a protein and be observed using a

 fluorescence microscope to detect the location and relative abundance of any protein for which you have an antibody

 (Davidson College, 2011).

            Sea urchin embryos contain a large amount of tubulin, which serves many functions (Stephens, 1991). Tubulin is

 a protein which is made up of microtubules, which are assembled from alpha and beta tubulin (Heald, Nogales, 2002).

 To form these microtubules, the alpha and beta tubulin bind to GTP, and then assemble onto the positive end of the

 microtubule while in the GTP-bound state (Heald et al., 2002). Tubulin is important in the formation of cilia at the

 gastrula and blastula stages of sea urchin embryonic development. Cilia provide important functions of movement and

 act as chemical receptors in cells (Grandier, 2005). Tubulin which has finished polymerizing and is very stable is

 known as acetylated tubulin (Hake, Wilt, 2004).

            Many diseases can be traced to problems with cilia. Ciliopathies, or genetic mutations which affect the proper

 function of cilia, refers to many different diseases such as Primary Ciliary Dyskinesia (PCD), Nephronophthisis,

 Senior-Loken Syndrome and Polycystic Kidney Disease(PKD) (Adams, Johnson, Logan, Smith, 2008). Lack of
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 functional cilia in the fallopian tubes can lead to an ectopic pregnancy. In an ectopic pregnancy, the fertilized ovum

 does not reach the uterus because the cilia are unable to move it there, causing it to implant in the fallopian tubes,

 known as a tubal pregnancy (Adams et al, 2008). Also, ciliary dysfunction can be responsible for male infertility

 because the flagellum of the sperm is a modified cilium (Adams et al, 2008). Ciliary defects are also responsible for

 left-right anatomic abnormalities such as Kartagener’s Syndrome, which causes problems in the respiratory tract

 (Kennedy, Omran, 2007). The left-right abnormalities associated with ciliary defects have also been shown to cause

 congenital heart disease (Kennedy et al, 2007). In mammals, it has been observed through recent research that proper

 ciliary function causes left-right anatomic functions to work correctly (Brueckner, McGrath, 2003).

            A recent study examined the Adenylate kinase in sea urchin embryonic cilia. When a sea urchin is placed in a

 hypertonic shock, it causes deciliation and loss of motility (Kinukawa, Vacquier, 2007). The sea urchin cilia

 regenerates within 2-4 hours, and the embryos can swim again (Kinukawa et al., 2007). The adenylated kinase activity

 is responsible for approximately 93% of nonmitochondrial ATP regeneration from ADP in embryonic cilia (Kinukawa

 et al., 2007). The results of this experiment demonstrated that as the embryos were deciliated, and then regenerated

 cilia, proteins such as tubulin appeared to be constant in amount. (Kinukawa et al., 2007). This experiment

 demonstrates that tubulin is crucial to sea urchin embryos and must constantly be forming and present in the embryo.

            In this experiment, I examined blastula and gastrula stages of sea urchin embryonic development and came up

 with the hypothesis that the concentration of acetylated tubulin in cilia is greater towards the outside of the cell than in

 the middle of the cell in the gastrula stage of embryonic development, but not in the blastula stage of embryonic

 development. In this study, I immunofluorescently labeled sea urchin embryos to detect where and how much

 acetylated tubulin are located at different points towards the outer edge and in the middle of a sea urchin embryo during

 the blastula and gastrula stages of embryonic development.

 



http://icuc.wheatonma.edu/bio254/2012/sylvia_caitlin/index.htm[8/10/2015 12:16:26 PM]

Materials and Methods

The method for this lab was completed following the procedure found in “Immunofluor Staining of SU

 Embryos-MeOH fixation” (Henson, Morris, Shuster, 2008). Steps 1-6 of this procedure and all solutions were

 completed by Professor Morris. The following changes were made to this lab procedure; We combined E26 and E27

 into one step so that all coverslips with the primary antibody, experiments and controls, all get anti-acetylated tubulin

 antibody, doubled the concentration of antibody added to each and incubated each for 9 hours in the antibody solution

 (Henson et al., 2008). Also, for step F35.1, after the final wash, we added 1 ml block buffer and returned the dish to the

 refrigerator where it remained for 9 hours (Henson et al., 2008). To perform this experiment, images of acetylated

 tubulin of sea urchin embryos during the blastula and Gastrula stages of development after they had been

 immunofluorescently stained were analyzed. Then, measurements were obtained of the diameter of an embryo in each

 stage of development in µm. Next, 20 visible acetylated tubulin at the outer edge and in the middle of each observed

 embryo were measured for brightness. To make sure that the brightness was accurate, acetylated tubulin that was

 directly next to the embryo’s cytoplasm was examined in each embryo observed. This step was to confirm that the

 brightness of the image did not have an effect on accurate concentration of acetylated tubulin. Observations were

 obtained on the size of the embryos at the blastula and gastrula stages of development using a ruler and then converting

 the number into µm, 20 acetylated tubulin were used to measure brightness towards the outside and in the middle of

 both cells using ImageJ software, and the brightness of each embryo was observed after zooming in on the cytoplasm

 next to the acetylated tubulin and contrasted using the same levels of brightness in Adobe Photoshop. Our experimental

 controls for this project were the slides which we added no antibody to. The control was necessary to observe that the

 experimental slides had an effect and worked correctly. By comparing the control to the experimental slides, there

 should be an observable difference.
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Results

All pictures were taken on Nikon Eclipse 80I using a 40x objective lens. Figure 1 shows the acetylated tubulin present

 in a sea urchin embryo in the blastula stage which is 292 µm from one end inside the embryo to the other horizontally,

 measured from the dark end inside the cell to the dark end on the other side of the cell. 20 visible acetylated tubulin

 were measured at both the region closest to the middle of the embryo as well as 20 visible in the middle of the embryo.

 On a 0-5 brightness scale, the outer edge average brightness was 4.14 and the middle portion of the embryo’s average

 brightness was 3.81, measure on the same scale of brightness. Figure 2 shows the acetylated tubulin present in a sea

 urchin embryo in the gastrula stage of embryonic development which is 292 µm from one end inside the embryo to the

 other horizontally, measured from the dark end inside the cell to the dark end on the other side of the cell. 20 visible

 acetylated tubulin were measured at both the region closest outer edge of the embryo as well as in the middle of the
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 embryo. On a 0-5 brightness scale, the outer edge average brightness was 5 and the middle portion of the embryo’s

 average brightness was 3.4, measured on the same scale of brightness. Images 3 and 4 are images of the outer edge of

 the same blastula and gastrula embryos, respectively, which were both contrasted using the same brightness scale in

 Adobe Photoshop.

 

Figure 5 depicts how bright on average the acetylated tubulin was in the outer edge compared to the middle of

 the embryo in both the blastula and gastrula embryos observed.

Discussion

            After completing this experiment, my hypothesis is partially supported because the concentration of

 acetylated tubulin is greater towards the outer edge of the cell in the gastrula stage, but also in the blastula stage. This



http://icuc.wheatonma.edu/bio254/2012/sylvia_caitlin/index.htm[8/10/2015 12:16:26 PM]

 data demonstrates that acetylated tubulin is formed in greater concentrations towards the outside of an embryo than

 towards the inside of the embryo (Figures 1 and 2). The brightness of each observed embryo was shown to not be a

 factor in the amount of visible acetylated tubulin, because the images were both contrasted using the same brightness

 scale around the embryos cytoplasm (Images 3 and 4). These results are not exactly what were expected because during

 the blastula stage of embryonic development, the embryo is mobile and every cell is ciliated (Hawke et al., 2004). Due

 to this fact, I hypothesized in this experiment that the concentration of acetylated tubulin would be more evenly spread

 out in the embryo during the blastula stage of development, and not concentrated more heavily in one area. After

 completing this experiment, it would be interesting to do a similar experiment on embryos of a different species and see

 if the same results are obtained. Also, data discovered by performing this experiment showed that there was a higher

 concentration of brightness in the acetylated tubulin found in the center of the blastula embryo than in the gastrula

 embryo (Figure 5). In a future experiment, it would be interesting to examine just the brightness of all of the acetylated

 tubulin concentrated in the middle of a sea urchin embryo during the blastula and gastrula stages of embryonic

 development.
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