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Introduction

            Embryo growth and development is an important area of biological research. It is surprising that the number of

 mutations or defects in embryos is so low, considering how much must happen from the beginning stages of an embryo

 to becoming a viable offspring. Understanding how development occurs in various species can broaden scientists’

 knowledge, and the data learned from one species may help to crack the developmental code on another.

            One important developmental structure is cilia. Cilia are rings composed of nine outer sets of coupled

 microtubules, with usually two sets of inner microtubules. These form slender protrusions from cells and can be motile

 or immotile depending on their function. Non-motile cilia can form the outer covering of photoreceptors or the covers

 of olfactory neurons while motile cilia can be found on a cell’s surface beating in coordinated waves to produce

 movement (Anderson 2007).

            Cilia also plays several important roles in development. It has been observed that Cilia have an important role in

 Hedgehog (Hh) signaling in many vertebrates. A Hh pathway requires Smoothened (a membrane protein similar to a G-

Protein Coupled Receptors) which becomes present in cilia cells when exposed to Hh. Transcription factors for Hh

 signaling are also present in cilia. In some vertebrates’ limb buds, even more transcription factors for Hh signaling have

 been found in the distal tips of the cilia. A break in the proper Hh pathway can lead to an open neural tube, and failure

 to initiate correct lung development among other defects (Anderson 2007).

            In an overview of mammalian cilia, Satir and Tovrup Christensen discuss another role of cilia in development,

 helping to establish the left to right asymmetry of the embryo. It was concluded that an embryo had to have ciliary

 function for proper positioning of the organs. These nodal cilia (present at site of gastrulation) occur at only one cilia

 per cell and only have nine axonemes, but have dynein arms. These motile cilia generate a leftward flow across the

 node which helps establish the left-right asymmetry of the body. In mice, when the leftward flow of the nodal cilia was
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 experimentally reversed, the left to right asymmetry was also reversed (Satir 2007).

            A paper written by Danilchik, Schweickert, Thumberger, and Walentak published in 2012 also discusses the

 importance of cilia in the formation of left-right asymmetry. Part of their experiment was the application of an artificial

 flow straight across wild type embryos. It was observed that this artificial flow induced a nodal cascade on the right, but

 not the left side of the embryos. After examining the available data about cilia and their role in left to right asymmetry,

 they deduced that any change to the organizer of the embryo and any change to the leftward flow (of which the cilia are

 responsible) will cause a much greater risk of heterotaxy or situs inversus in developing embryos (Danilchik 2012).

            Since Cilia are so important in development, this researcher was interested in what appeared to be a higher

 density of cilia located within the archenteron observed in photographs captured from immunfluorescent staining of sea

 urchin embryos during gastrulation. It is believed that there is a higher density of cilia within the archenteron of the

 embryo than on other regions of the embryo.

Materials and Methods

            The procedure followed in this report was developed by R.L. Morris in consultation with Drs. J. Henson and B.

 Shuster in 2008. This procedure was supplemented by 4/10/2012 (13) SRD (Morris 2008).

            The following changes were also made to the procedure. In part B, step 17, the block buffer was not added right

 away, but by the professor later that day. At part D, step 23, the researchers doubled the concentration and made only

 6ml of block buffer, not 10ml. As a result, 12μl of anti-acetylated tubulin primary Ab was added to the 6ml of block

 buffer to give a concentration of 1:500, not 1:1000. For part F, step 35, the washing was done with 1ml of buffer per

 slide cover. In part J, step 53, the block buffer plus Hoechst stain was 4.5μl in 45ml of block buffer for a concentration

 of 1:200. In section III, for step 60, the chip chamber and embryos were sealed with bright magenta and blue nail polish

 instead of VALAP.

            For this experiment, one picture was analyzed. The picture’s brightness and contrast were not altered. The

 picture of the acetylated tubulin stain was taken with a microscope capable of immunofluorescence. The depth of this

 picture allows researchers to clearly see the archenteron, and the brighter region of the red stain accompanying the

 archenteron, as well as the clearly defined edge of the embryo. This picture was then saved, and analyzed using ImageJ.

 Using ImageJ, a rectangular region encompassing the archenteron was made, and then measured, supplying this

 researcher with the mean, minimum, and maximum brightness values for the staining of the archenteron. Using the free
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 draw tool, the outer edge of the embryo was carefully traced, and the same values for brightness were taken for this

 region of the embryo as well. It was observed in this photograph that the area of the archenteron was bright, but the area

 around the edge of the embryo was brighter.

            Each pair of researchers had three slides of embryos. The control of the experiment was that one slide for every

 pair of researchers would be given everything except for the antibody solutions. This step was done to prove that the

 embryos do not naturally glow green, red or blue on their own, and that all color was seen due to the fluorescence of the

 staining. After the procedure was complete, this researcher’s control embryos were pitch black in all 3

 immunfluorescent channels, proving that the sea urchin embryos used were not fluorescent on their own and all the

 brightness data accumulated was due to the immunfluorescent staining.

Results

            Figure 1 is an image of sea urchin embryos during gastrulation hit with a green light to show where the

 acetylated tubulin was and emitted a red fluorescence. These embryos are photographed at the correct depth to provide

 a clear, definitive staining of the archenteron.

In Figure 1, the rectangle of brighter red originating from the left hand side of the left embryo is the beginning of the

 archenteron (visible in a larger image, but size constriction due to Microsoft Word). The archenteron follows the
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 brighter region inwards towards the cell, but the brighter region branching to the south east is not part of the

 archenteron. The edge of the cell is also brightly lit.

 

Figure 2 is a chart displaying the differences in brightness between the archenteron of the cell and of the cell surface.

 The average brightness of the cell surface is twice that of the archenteron, and the range of brightness of the cell surface

 is four times that of the archenteron. It is important to note the vast differences in brightness for the mean and the

 maximum between the archenteron and cell surface.

Discussion

            The data accumulated from this experiment does not support the hypothesis of this paper. Based on the data, the

 cilia of the cell have a higher density on the edge of the embryos, not within the archenteron. The edge of the cell had

 an average brightness of twice that of the archenteron, and a range of almost four times as large. These data show that

 there are a great number of cilia located along the edge of the embryo. The greater the average of brightness of

 acetylated tubulin means that there was more acetylated tubulin for the camera to pick up on in that area as not all

 acetylated tubulin was the same brightness. This also means that there are more cilia in the region, as that is where the

 acetylated tubulin can bind to.

            In an experiment performed by Jeffrey Hardin in 1986, he determined that archenteron elongation in the gastrula

 was a microtubule independent process. He knew from immunofluorescence that ectodermal cells have microtubules

 radiating away from their ciliary rootlet and that grow along the cell, and similar endodermal cells with microtubules
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 that grew away from the ciliary root and towards the lumen of the archenteron. Working with the endodermal cells and

 by using the microtubule inhibitor nocodazole at a concentration of 5–10 μg/ml, he found that correct microtubule

 formation is not required for the cellular rearrangement during the formation of the archenteron (Hardin 1986).

 Hardin’s findings do not support this papers hypothesis; since if the archenteron formation can happen without cilia

 there is no reason for the archenteron to have more cilia than other parts of the cell.

It is important to note that the data was collected in a biased way against the hypothesis. In the picture used for

 analysis, there are layers of cells on top of the archenteron, dimming the amount of red fluorescence picked up by the

 camera. In contrast, the cells along the edge of the gastrula are tangential, and are not buried beneath other cells, and

 therefore easily identifiable by the camera.

In order to correct this bias, further experiments would have to be done. A researcher could slice the gastrula into

 cross sections. By selecting the cross section that has the cells of the archenteron on top, it would place both areas of

 interest on an equal field as no other cells would be on top of the archenteron or the edge of the cell to dim the

 immunofluorescence allowing adequate brightness testing. Another way to compensate for this bias would be to use a

 confocal microscope to take an adequate picture. The confocal microscope uses point illumination and a pinhole that

 does not allow unfocused light through while looking at something thicker than the optical plane.

This experiment was only able to look at one picture of embryos, as it was the only one of the correct depth of an

 embryo during gastrulation to clearly see the archenteron. To gather more accurate results this experiment could be

 repeated using a large number of gastrulating cells and using immunofluorescence generate more pictures. Another

 experiment would be to cut off a portion of the outer layer of cells and a small portion of the surface of the archenteron.

 Using a known area on each of the two surfaces, a comparison between cilia density would be fairly easy to observe.

            Overall the data from this experiment did not support this papers hypothesis. However, this researcher would not

 completely rule out this hypothesis until this experiment is run again and finds unbiased data refuting it.
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