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Introduction
            Immunofluorescence is a useful technique that detects the position and abundance of any protein for which there

 is a corresponding antibody. These antibodies contain fluorescent dyes and bind to their targeted antigens (Wilt &

 Hake, 2004). Primary and secondary antibodies are utilized throughout the process. The primary antibody’s purpose is

 to target a specific antigen and the secondary antibodies are used to recognize the primary antibody (Morris, 2012). 

            In this experiment, antibodies were added to gastrula phase of development in sea urchin embryo (Lytechinus

 pictus). The antibodies used in the experiment were implemented to represent the presence of total tubulin within the

 embryo. Tubulin is a protein that is a main component in microtubules found in cells (Wilt & Hake, 2004). This study

 specifically addresses the tubulin levels near the archenteron epithelial cells as compared to the amount of tubulin in the

 epithelial cells away from the archenteron. It is important to observe the development of sea urchins because the tubulin

 movement in sea urchins is similar to that of humans in the early stages of embryonic development (Amos, 2005). 

            The images observed for this study were of the gastrula stage of sea urchin development. The gastrulation of sea

 urchins revolves around the rearrangement of cells in order to form the archenteron. In this stage, epithelial cells

 undergo a mesenchymal transformation and from secondary mesenchyme. This leads to the formation of the foregut,

 midgut, and hindgut (McClay, 2009). Filopodia are sent out by the secondary mesenchyme cells to undergo a cycle of

 extension, attachment, and retraction. This process gives rise to the extension of the archenteron (McClay, 2009). The

 formation of the archenteron signifies the process of invagination. This is considered the initial step of gastrulation and

 allows the embryo to fold inwards in order to form the differentiated germ layers (Morris, 2012).

            Cilia are thought to be a driving force behind the process of invagination. It is important to understand the

 effects of cilia on embryonic development because they affect organisms in many ways. Primary ciliary dyskinesia
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 (PCD) is one of the most common diseases concerning defective cilium. PCD is a genetic disorder that can lead to

 polycystic kidney disease, infertility, chronic sinusitis, and chronic bronchitis. Understanding cilium is important to

 better understand these diseases and work towards curing genetic mutations (Marshall, 2008). 

            Immunofluorescent staining is useful in locating specific targets in the sea urchin embryo. With the help of the

 Hoescht and FITC stains, major proteins such as tubulin can be located. Tubulin is significant because it is found in the

 cilia of embryonic sea urchins (Stephens, 1992). Cilia within sea urchin embryos are utilized for swimming (McClay,

 2009). There is speculation that cilia exist in the archenteron in the gastrula stage of sea urchin embryos. In this study, I

 immunofluorescently labeled sea urchin embryos to detect the amount of tubulin near the archenteron compared to

 tubulin outside of the archenteron to determine if cilia were present in the archenteron.

 Methods & Materials  
The directions included from the procedure “Immunofluoresence staining of sea urchin embryos- MeOH fixation

 (for classroom use, adherent embryo technique)” (developed by R.L. Morris in consultation with Drs. J. Henson and B.

 Shuster, MBL, summer 2008) were utilized. Professor Morris completed steps 1-6 as to save time to the length of the

 protocol. As well as Professor Morris prepared all solutions used in the experiment. A total of three coverslips, two

 experimental and one control were prepared. The experimental received the antibody solutions while the control was

 not exposed to any antibody solutions. The control was necessary to prove that when compared with the experimental

 coverslips there was an observable difference. 

            The following modifications were made to the protocol of the lab. Polylysine was used on the coverslips instead

 of protamine sulfate. The primary antibody against acetylated tubulin was incubated for 10 hours rather than the 60

 minutes as stated in the protocol. All coverslips, both experimental and control received primary anti-acetylated tubulin

 antibody, as stated in supplement one to the protocol. Only the two experimental coverslips received the secondary

 antibody against acetylated tubulin, the control did not. Also, the secondary antibody against primary antibody against

 acetylated tubulin was incubated for about three hours. The FITC-conjugated DM1A primary antibody against alpha-

tubulin was incubated for about six hours.

            Images of the stained cells were taken by Nikon Eclipse 80i epifluoresence microscope with a standard FITC

 filter set utilizing Spot Advanced Software on a Spot Insight Camera as well as diagnostic instruments (Morris, 2012).

 A 40x fluor objective was used to observe the cells and for imaging. 

            The image utilized in this study was measured by its brightness. Brightness was considered on a scale of 0 to 5, 0
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 being dark and 5 being the brightest measured portion of the embryo. There were 41 data points recorded across the

 diameter of the cell. The measurements started from the dark portion outside the embryo straight across through the

 embryo to the opposite dark portion outside of the embryo.

 Results
            The green fluorescent image depicts the sea urchin embryo experiencing gastrulation. The stain responsible for

 the green immunofluorescent images was FITC to show where the tubulin was detected in the embryo. The brightest

 green portion of the embryo represents the formation of the archenteron as well as the highest concentration of tubulin.

 According to the image and the brightness test, there was a higher density of tubulin present in the archenteron as

 compared to the epithelial cells outside of the archenteron. As seen in the picture, tubulin is located throughout the cell

 but in the densest concentration in the archenteron. Due to the fact that tubulin is one of the major components in cilia,

 it can be said that cilia are present in the archenteron due to the high concentration.
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Fig. 1 This image represents a FITC stained sea urchin embryo in the gastrula stage. The archenteron is visible and

 recognizable as the dense green area of the image. The brightness of the image represents the about of tubulin present

 and shows the highest amount of tubulin existing in the archenteron. This figure shows there are more cilia in the

 archenteron epithelium as compared to the epithelial cells outside of the archenteron.
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                        Data points taken across the diameter of the gastrula

 

 Fig 2. This figure shows graphically represented data. Here, the data is shown as related to the previously established

 brightness scale. Location of tubulin correlates with the amount of tubulin that is present. There is an obvious peak

 present in the graph where the highest concentration of tubulin exists. This peak represents the presence of the

 archenteron where the most tubulin is present.

 Discussion
            The purpose of this study was to observe the intensity of tubulin in the archenteron of a sea urchin embryo in

 gastrulation. As the hypothesis states, the immunofluorescent sea urchin embryos were utilized to detect the amount of

 tubulin near the archenteron compared to the tubulin away from the archenteron to determine if cilia were present

 within the archenteron. The acquired data indicates that cilia are present within the archenteron, which supports the

 stated hypothesis. 

            As shown in Figure 1, there was tubulin located in other regions of the embryo outside of the archenteron. Many
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 of the cells are seen with some concentration of tubulin but this concentration was significantly less in the epithelial

 cells outside of the archenteron. 

            It is likely for cilia to be present on the archenteron cells to assist with the process of invagination. Cilia are

 necessary for the process of invagination and if they are not present, it would lead to serious consequences. If an

 organism does not have functional cilia, it could lead to serious consequences like the genetic disorder PCD. 

            Sea urchin embryos are useful for research because they show similarities to human embryonic development.

 Embryos of sea urchins duplicate many similar developmental steps to human embryos, which in turn allows for an

 improved scientific understanding of human development. It is important to understand the locations of cilia in sea

 urchin embryos in order to understand the impact of cilia on human embryos. This was a successfully completed

 immunofluorescence staining that showed clear results of cilia formation on the archenteron cells.

            While this experiment has yielded interesting results concerning the presence of cilia in the archenteron, there

 are many future experiments that could be useful. For instance, performing the same study on a different organism. A

 common organism used in science that would provide equally if not more interesting data concerning cilia in

 embryonic development is mice. It would be interesting to compare the differences in staining patterns of mice embryos

 in comparison to the sea urchin embryos.
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