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Introduction:
 

The purpose of this experiment was to investigate the molecular development of sea urchin

 embryos. In particular, the concentration of tubulin in the archenteron of the sea urchin gastrula was

 measured using immunofluorescence. This experiment tested the hypothesis that tubulin

 concentrations are highest in the ingressing cells of the archenteron of sea urchin gastrulas.

 Gastrulation is the developmental step in which the embryo forms the archenteron, or early-gut tube.

 Embryos undergo gastrulation after they have successfully undergone cleavage, or early cellular

 division. At the time gastrulation begins, the embryo is a hollow ball composed of a single layer of

 cells known as a blastula. Approximately 1,000 individual cells make up the blastula. The early gut-

tube then forms from a series of morphogenetic tissue movements: ingression, invagination, and

 convergent extension.

Soon after the blastula stage, cells of the embryo’s vegetal (posterior) region form thin

 processes known as filopodia formed from actin filaments. These cells then separate from their

 neighbouring cells during an epithelial-to-mesenchymal transformation (EMT). The Primary

 Mesenchyme Cells (PMCs) migrate into the hollow space of the embryo called the blastocoel. It is

 in the blastocoel that the PMCs fuse to create syncytial cables which form the basis of the larval sea

 urchin’s calcium carbonate skeleton.

Following the initial step of ingression, remaining cells of the vegetal plate fill in the space left

 by the mesenchymal cells through invagination. The vegetal plate bends inwards, and moves



http://icuc.wheatonma.edu/bio254/2012/barrette_ryan/index.htm[8/10/2015 11:56:50 AM]

 between a quarter to halfway through the blastocoel. The newly formed indentation forms the

 archenteron, or primitive gut. After a pause in invagination, the archenteron continues to extend and

 narrow. At this time, Secondary Mesenchyme Cells (SMCs) form filopodia extending towards the

 inner blastocoel wall. When these projections reach the surface, they attach at junctions of the

 blastocoel cells. Following attachment, the projections shorten, effectively pulling the archenteron

 towards the cell surface in a process known as convergent extension. As the tip of the archenteron

 reaches the surface, the mouth is formed on the surface and the SMCs migrate into the blastocoel.

 The original blastopore at the posterior end of the embryo eventually completes the gut-tube by

 forming the anus (Gilbert 2000).

Current research indicates the microtubules, composed of tubulin proteins, play an intergral

 role in the epithelial-to-mesenchymal transformation found in gastrulation. Reports indicate that

 destabilization of microtubules breaks down the basement membrane underlying the epithelia,

 enabling EMT (Nakaya 2008). Tubulin is a component of microtubules, the largest of the

 cytoskeletal filaments. Microtubules are comprised of α- and β-tubulin dimers in a tubular

 arrangement. Most microtubules exist as single tubules and create supportive structures of the

 cytoskeleton such as spindle fibers. However, others are arranged in complex formations to create

 the inner supportive structure of motility organs, called the axoneme. These structures, composed of

 a complex of paired microtubules, form the center of flagella and cilia in many cell and organism

 types. Data suggests that post-translational modifications to tubulin proteins (such as acetylation)

 can affect properties, like stability (Hammond 2008). In this experiment, immunofluorescence was

 used to compare the concentration of tubulin in regions of the sea urchin gastrula.

 

Methods and Materials:

            The experiment followed the procedure as outline in Immunofluor staining of SU embryos –

 MeOH fixation by R.L. Morris et al with some variations. Before the experiment began, Professor
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 Robert Morris fixed the sea urchin embryos following steps 1 through 6 of the lab instructions.

 Additionaly, Professor Morris prepared the solutions used in this experiment. In the experiment, the

 dilution of the FITC-DM1A anti-alpha tubulin Antibody solution was changed from 1:100 to 1:50.

 For Step E, anti-acetylated tubulin T6793 from Sigma Chem was used as the primary antibody.

 250μl of the antibody were added to each slip. Also, Steps E26 and E27 were combined into one

 step. All of the coverslips, experimental and controls, were treated with the anti-acetylated tubulin

 antibody. Step 35.1 was adding. This step added a final 1ml block buffer wash to all of the samples

 before being placed in the refrigerator.

         Analysis of the tubulin concentrations was performed using the program ImageJ. The program

 was used to measure brightness of the immunefluorescent labeled tubulin in the gastrula. Three areas

 of interest were observed and measured for brightness. The first area was the ingressing cells at the

 tip of the archenteron. The second area was the shaft of the archenteron, comprised of invaginated

 gastrula cells. This region started at the blastopore of the embryo and extended to just below the area

 of ingression. The final area of interest was a region of ectodermal cells near the vegetal plate of the

 embryo.

         A mean brightness value was recorded for each of the three regions. These values were than

 used to compare the brightness and concentration of tubulin in these areas. The measurements were

 presented as ratios of invaginated archenteron cell brightness to ectoderm cell brightness as well as

 ingressing archenteron cell brightness to ectoderm brightness.  

 

Results:
Figure 1
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Figure 1 is an image of a sea urchin gastrula labeled with fluorescent FITC-DM1A anti-alpha tubulin antibody. The green color
 indicates the location of α-tubulin. Photo Credit: Ali McCarthy, Professor Bob Morris, and Ryan Barrette.
 

Figure 2

Figure 2 depicts semi-quantified data derived from the image in Figure 1. The ratio of invaginated Archenteron cells to

 ectoderm brightness is compared to the ratio of ingressing Archenteron cells to ectoderm brightness.

 

            Figure 1 is an image of a sea urchin gastrula labeled with FITC-DM1A anti-alpha tubulin

 antibody. In this image, the brightness of the green fluorescence is proportional to the concentration
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 of α-tubulin dimers. The tip of the archenteron and the ingressing cells at this location are the

 brightest in the image; tubulin is found in the highest concentration in this region of the gastrula.

 The invaginated cells of the archenteron are less bright than the ingressing cells, but they are

 significantly brighter than the non-invaginated cells of the ectoderm.

         Figure 2 is a bar graph representing semi-quantified data derived from Figure 2. The measured

 brightness values from ImageJ were analyzed as ratios. The ingressing cells show a 23.1% increase

 in brightness over other cells in the archenteron.

 

Discussion

         The data show that the immunofluorescence was brightest in the ingressing cells of the

 archenteron. These cells are significantly brighter than the ectoderm of the cell, as well as 23.1%

 brighter than the nearby cells of the archenteron’s shaft. Because the brightness of the fluorescence

 correlates proportionately to tubulin concentration, the data indicates the tubulin concentrations in

 the measured regions of the gastrula. The data supports the hypothesis that tubulin concentrations

 were highest in the ingressing cells of the archenteron of sea urchin gastrulas.

         The high tubulin concentration suggests a higher number of microtubules in the ingressing

 region. Microtubules play an important role in the arrangement of the cytoskeleton and the shape of

 the cell. The ingressing cells may be producing additional tubulin to assist in shape changes

 necessary to undergo epithelial to mesenchymal transformation. Additionally, the convergent

 extension that follows ingression requires an extensive microtubule array to support the filopodia

 extensions that pull the rest of the cell. The proliferation of tubulin could be connected to this

 morphogenetic movement (Wilt and Hake 2004).

         Moving forward from this experiment, it is recommended that the procedure be repeated to

 attain more data on the concentration of tubulin in sea urchin gastrula. Gastrulation should be

 observed and measured at various stages. Measuring at various times form initial ingression to the
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 formation of the mouth may indicate variations in tubulin concentration at various stages of gut-tube

 formation. Additionally, immunofluorescent labeling for various post-translational modifications

 could be used to study the role of tubulin stability in basement membrane breakdown. Research

 suggests that acetylated and detyrosinated tubulin (both of which tend to stabilize tubulin) could

 play an important role in the interactions of gasturla cells and the basement membrane. The ability

 for microtubules to quickly polymerize and depolymerize—a characteristic known as microtubule

 dynamics—is another area of research worth considering in future experiments (Nakaya 2008). The

 complex processes of ingression and epithelial to mesenchymal transformations are not fully

 understood, and provide a plethora of future research opportunities.
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