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Introduction

This study looks at tubulin levels in the archenteron epithelium as compared with tubulin levels in non-archenteron

 epithelium in developing lytechinus pictus embryos. The organism lytechinus pictus was chosen due to the large

 amount of information that is available on not only the development of the organism itself, but on how to study that

 development. The images used in this study were taken during the gastrula stage of sea urchin development. Urchin

 gastrulation involves a complicated rearrangement of the cells in the archenteron, which will lead to secondary

 mesenchyme cells, which have undergone an epithelial to mesenchymal transformation, and eventually the foregut,

 midgut and hindgut (McClay et al, 1996). During gastrulation, secondary mesenchyme cells send out filopodia in a

 constant cycle of extension, attachment and retraction, which serves to drive the extension of the archenteron (McClay,

 1990). Immunofluorescent staining was used in this study to highlight areas of interest within the developing sea urchin

 embryo. This process involved the use of Hoechst, FITC, and Rhodamine stains. The major protein that is found in the

 cilia of embryonic sea urchins is tubulin (Stephens, 1992). The function of cilia in sea urchin embryos is for swimming

 (Kinukawa, Vacquier, 2007). It has been assumed, but not shown that cilia exist in the archenteron of a developing

 gastrula stage of the sea urchin embryo. The objective of this study is to determine the existence of these assumed cilia.

 Using immunofluorescent staining, we highlighted any alpha tubulin present in the developing embryos. The specific

 dye used was FITC, a derivitave of Fluorescein (Vermes et al, 1995).

 

Materials and Methods

The lytechinus pictus embryos for this experiment were grown to several different developmental stages and then fixed

 in 2008 by Dr. Bob Morris. The embryos were fixed in methanol using steps outlined in the procedure:

 Immunofluorescent staining of sea urchin embryos, MeOH fixation (Morris et al, 2008). Once the embryos were

 needed, they were rehydrated using the steps outlined in Morris’s procedure. For detailed instruction on how to

 complete an immunofluorescent staining of sea urchin embryos, see the procedure developed by Dr. Bob Morris in
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 consultation with Drs. J. Henson and B. Shuster, 2008. In step 11 of this procedure, the embryos were rehydrated for 10

 minutes. Within this procedure, we substituted protamine sulfate for polylysine in step 13. In step 20, we achieved a

 .1ml final concentration of Hoechst staining solution. In step 19, the embryos were blocked for 20 minutes. In step 29,

 we incubated the coverslips for 20 minutes. We incubated the embryos in secondary Ab solution for a full 24 hours. We

 then incubated our embryos in secondary primary Ab for 2 hours. For future immunofluorescent staining, step 50 will

 need to be changed to say “while you are waiting to finish your incubation, get your washing dish prepared by filling 2

 wells of a 6 well plate with block-buffer-plus-Hoechst, and one well with block-buffer” (Morris et al, 2008). This will

 ensure that not all embryos will be stained with Hoechst. With the embryos stained, images were acquired using a

 Nikon E400 epifluorescence microscope equipped with standard Hoechst, FITC and Rhodamine fluorescent filter sets

 (Morris, personal communication). The images were digitized using Spot Advanced software with a Spot Insight

 camera from Diagnostic Instruments (Morris personal communication). All images were gathered using a 40x plan

 fluorescent objective lens (Morris, personal communication). The images were converted into usable data using a

 brightness system. Brightness was determined to be between 0 and 5, with 0 being no light, and 5 being very bright.

 These brightness values were based upon the discretion of the observer, and were held to consistency throughout data

 analysis. Data points were taken a total of 37 times across the image. The data points were taken starting in the ‘dark’

 outside the embryo, then crossing straight through the embryo, and ending in the ‘dark’ on the other side. The primary

 images used were those taken of the gastrula stage of sea urchin development. The images were preserved in their

 original pixel count and remain un-cropped. The graphs from these data were made using Microsoft Excel.

 

Results

This study focused on tubulin in the archenteron epithelium versus tubulin present in the non-archenteron epithelium.

 Since the archenteron is present in the gastrula stage, the images produced during this stage were the ones that were

 focused on. FITC was the stain used to highlight the presence of tubulin, and thus the image of the FITC stain was used

 to gather results. Upon review of the images, we found that there was a higher amount of tubulin present in the

 archenteron epithelium when compared to the non-archenteron epithelium. Since tubulin is the major protein found in

 the cilia of embryonic sea urchins, we can say that cilia are present in the archenteron of the sea urchin gastrula. We

 found that there was tubulin present in other regions of the gastrulating embryo. Migrating cells were shown to contain

 some levels of tubulin, most likely associated with cilia of their own. We found significantly less tubulin present in

 areas of non-archenteron epithelium, with tubulin being almost non-existent in some areas, although this could be due

 to staining imperfections.
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This image measures 287 µm across the horizontal length.
Fig. 2 This image shows the FITC stain of a gastrula stage sea urchin embryo. In this image, the archenteron is very
 apparent. The brightness associated with this archenteron is because of the high amounts of tubulin present. This figure
 shows us that there is more cilia present in the archenteron epithelium then there is in the non-archenteron epithelium.
 The secondary mesenchyme cells are apparent in this image.
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Fig 1 This figure gives a graphic representation of the data gathered using the brightness determination system. The
 brightness correlates with amounts of tubulin present. The graph shows a clear peak, which is occurring in the area of
 the archenteron. The graph shows that there is more tubulin present in the archenteron epithelium than the non-
archenteron epithelium.
 

 

 

Discussion and Conclusions

This study determined the presence of tubulin in high amounts in the archenteron of the gastrulating sea urchin embryo.

 This indicates that there are cilia present within the archenteron, supporting our hypothesis. The function of cilia

 present on archenteron cells is presumably to aid in invagination. Having more information about the locations and

 functions of cilia within developing embryos can aid in our understanding of overall ciliary function. Furthering our

 understanding of cilia can shed new light on possible cilia disorders, of which can affect humans. Primary ciliary

 dyskinesia is an inherited disorder that causes impaired function of the cilia (Leigh, 2003). This impaired function can

 lead to a variety of different ailments including chronic bronchitis, chronic sinusitis, as well as infertility (Leigh, 2003).

 Nephronophthisis is a disorder caused by mutations of the ciliary protein inversin (Simons et al, 2005). It commonly

 effects young children and is characterized by renal failure and kidney disease (Simons et al, 2005). Loss of function of

 cilia could have a number of other effects on development. If cilia function to aid in invagination, then their impairment

 may lead to failures during invagination. An organism that cannot successfully undergo invagination to form an

 archenteron will suffer developmental maladies that will most likely lead to embryo mortality, or severe organismal

 deformation. Sea urchin embryos are useful as human embryo substitutes in research and display many of the same

 developmental steps. If we can determine locations and functions of cilia in the developing sea urchin, we will be better
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 equipped to find cures to disorders involving cilia in the human population. This study has provided verification of the

 presence of cilia within the archenteron, and serves as a stepping off point for other studies involving sea urchin

 development.
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