
http://icuc.wheatonma.edu/bio254/2012/llabovitiadhi_elena/index.htm[8/10/2015 12:07:23 PM]

Tubulin Concentration in the Ingressing Cells vs. Other Cells During the
 Gastrula Stage in Sea Urchin Embryos

 
Elena Llabovitiadhi

Independent Research Project Report
Bio254-Developmental Biology

05/02/2012
 

 
 
Introduction:

Immunofluorescence, a technique widely used in biology, uses the specificity of antibodies to their antigen to

 target fluorescent dyes to specific biomolecule targets within a cell. Immunofluorescence uses a single antibody that is

 chemically linked to a fluorochrome. The antibody recognizes the target molecule and binds to it, and the fluorochrome

 it carries can be detected via microscopy (Morris, lecture). Immunofluorescence is usually used to analyze the

 distribution of proteins, glycans and small biological and non-biological molecules (Hashiguchi, 2010). In this research,

 immunofluorescence was used to analyze the presence of tubulin in the cells of the embryo undergoing gastrulation.

 The antibody selection is also related with the target protein, and in this case the antibody that will be used is FITC-

DM1A anti-alpha tubulin antibody.

Tubulin, a globular protein, is the main constituent of microtubules. In the native state, it exists as a heterodimer

 of an alpha and a beta form. Both forms have a molecular mass of approximately 50 kDa and a diameter of about 4 - 5

 nm (Amos, 2005). Their dynamic behavior allows them to perform a vital role in various forms of cell motility. Found

 in almost all types of eukaryotic cell, microtubules are an essential component of cell division, provide tracks for the

 transport of cellular organelles and vesicles and are responsible for the relative positioning of cellular compartments

 (Amos, 2005). Repeating α/β-tubulin heterodimers form a protofilament and typically 13 protofilaments associate

 laterally to form the microtubule. Tubulin is also the main compound of cilia, a microtubule based cytoskeleton.

 Eukaryotic cilia consist of a microtubule bundle, known as an axoneme, which typically contain hundreds of different

 kinds of proteins, in addition to tubulin (Amos, 2005).

As mentioned above, tubulin has a very important role in the cell division, so studying its role in the early stages

 of development is also very important. One of the development stages is the gastrula stage. The primitive streak is

 formed at the beginning of gastrulation and is found at the junction between the extraembryonic tissue and the epiblast

 on the posterior side of the embryo and the site of ingression (Morris, 2012).

Recently, scientists have been working on tubulin post-translational modifications, which were made possible by
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 use of antibodies that could distinguish differently modified microtubules in the cell (Garnham, 2012). But other studies

 have proven that tubulin also plays an important role in the formation of cancerous cells (Katsetos, 2003). So studying

 the concentration of tubulin in the cells of an embryo during development could be very helpful to treat cancer cells in

 the future.

In this individual research project, I looked at the concentration of tubulin during the gastrula stage. Previous

 studies have assumed, but not shown, that cilia exist in the archenteron (Morris, 2012). Alpha tubulin presence in the

 developing cells was researched. In this study, I hypothesized that there will be a higher concentration of tubulin in the

 cells undergoing ingression than in other cells of the embryo. I immunofluorescently labeled sea urchin embryos to

 detect the presence of tubulin in the cells undergoing ingression compared to the rest of the cells during the gastrula

 stage.

 

Materials and Methods:

The methods and materials for this lab were followed as described in the protocol outlined in

 “Immunofluorescent staining of sea urchin embryos, MeOH fixation” (Morris, 2008), with a few modifications. The

 embryos used were from tube 27A, mid-gastrula. In step D-21, instead of 30 mL of block buffer, 45 mL of block buffer

 was used to reach a final dilution of 1:10,000. The solution of anti-acetylated tubulin primary Ab was 1:500, and the

 FITC-DM1A anti-alpha tubulin Ab solution was 1:50. And finally, in the process of making the solutions, Alexa546

 GAM was added to 4 microliters of block buffer to reach a final dilution of 1:1000 Alexa546 GAM. Note that the

 control group doesn’t have any antibodies added to it, but it was treated the same way as the rest of the cells.

Other changes during the procedure are at step B-14, where the wet coverslips were transferred to pedastals as

 Professor Morris described in lab. During this step, kim-wipes were used to keep the cells wet. Then some liquid was

 taken off the dish and using the biceps, the coverslips were transferred carefully to the petri dishes. Steps E-26 and E-27

 were combined together, so that ALL coverslips, experimental and control, all get anti-acetylated tubulin anybody

 (Morris, 2008).

And lastly, there were added two extra steps on the original step F. First the total time that the primary antibody

 was on the coverslip was changed, and after the first wash, 1mL of block buffer was added to the cells and then

 refrigerated again as stated in the original protocol. The time that the primary antibody was on the coverslip was two

 hours and 20 minutes (from 11:40am to 2:00pm)
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The coverslips were then mounted on the slides. Nail polish was used to seal the coverslips with the slides. After

 they were dry, the cells were analyzed with a Nikon E400 epifluorescence microscope. Pictures were taken using Spot

 Advanced software on a Spot Insight camera from Diagnostic Instruments with a 40x plan fluorescent object (Morris,

 discussion). Doctor Morris helped with this process.

For this research project only the pictures that showed the concentration of tubulin were used (green images). In

 order to collect quantitative data from the images, another program called ImageJ was used. This program was able to

 give actual brightness values of the cells at different regions of the embryo. Data points were taken a total of 650 times

 across the image, which was possible using the “Straight line selection” option provided by the program. The data

 points were taken starting in the “dark” region outside the embryo all across the other “dark” side of the embryo. Using

 the collected quantitative data, graphs were made using Microsoft Excel. In the graphs shown below, the x-axis

 indicates the length across the embryo, and the y-axis indicates the brightness at that point, which is on the range of 0 to

 255, with 0 being black and 255 being white.

 

Results:
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Picture 1. Image by SM and SD 2. Tubulin (Length of the embryo across is 611.061 pixels across) (Moore, 2012)

This is a picture of a sea urchin embryo during the gastrula stage. The green fluorescence shows the presence of tubulin.

 The brightness indicates that different concentration of tubulin throughout the embryo. Below the analytical data of this

 picture are shown. The first graph indicates the brightness across the embryo horizontally, and the second one

 vertically. This way the picture is interpreted into growth data, and better conclusion can be drawn out of it.

Graph1 (from pic 1): Brightness across the embryo (vertically).

Graph2 (from pic. 1): Brightness across the embryo (horizontally)
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Picture 2. Image by EL and JS. Tubulin (Length of embryo measured is 681.024 pixels across) (Llabovitiadhi, 2012).

The embryo in this picture is from the same developing stage, gastrulation, but taken from a different group of people.

 This picture shows the archenteron region better, and the growing data derived from these pictures show the

 concentration of tubulin in that area more clearly.

Graph 3 (from pic. 2). Brightness across the embryo (vertically).
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Graph 4 (from pic. 2). Brightness across the embryo (horizontally).

 

Data were collected and statistical analysis was used to clarify our observations. The data collected were pictures

 of embryos in different development stages, but for my research I only focused on the gastrula stage. The

 immunofluorescent pictures show that during the gastrula stage of embryos, the cells that are undergoing ingression are

 brighter than the rest of the cells in the embryo. This means that the amount of tubulin in these cells is higher than the

 rest of the embryo’s cells.

All the graphs above support the same idea, that the concentration of tubulin in the ingressing cells is higher. The

 pictures of the embryos analyzed were from different data, but the analytical graphs show the same results. Graph 4

 though is a better demonstration of the amount of tubulin in the cells, because the archenteron is shown very clearly.

 The two highest points in graph 4 (32 and 31) show that the cross section of the embryo is passing right under the tip of

 the archenteron. That’s also the reason why the amount of brightness increases, decreases and then increases again (the

 M shape); because there is an open space where the brightness is still visible, even though there are no cells in that area.

 The next high peaks in the graph correspond to the concentration of tubulin in the cells that line the embryo, and the

 graphs show that it is lower compared to the archenteron region.

Graph 2 doesn’t show the empty space at the archenteron region, because the angle of which the line was drawn

 goes right through archenteron, so there would be no empty space. The maximum brightness for the two embryo

 pictures is different because as said before the pictures were taken from different group data. The maximum brightness

 for the first picture is 32 and for the second picture is 35. The numbers are relatively close, but still not identical for the

 reason explained above.
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Discussion:

The data collected and analyzed support the hypothesis that the concentration of tubulin in the cells undergoing

 ingression is higher than the rest of the cells at the same stage that are not ingressing. The graphs derived from the

 measurements clearly show that the brightness (indicating the amount of tubulin present) is higher at the archenteron

 than the cells lining the embryo. This means that there are more cilia around the archenteron region, than around the

 embryo. All the graphs shown above suggest that the concentration of tubulin on the archenteron is about two times

 higher than the rest of the cells. A reasonable explanation for this is because cilia could play a very important role in the

 ingression process of the cells so there would be more cilia at that area. Studying the amount of cilia/tubulin present in

 the cells the different developmental stages may help in a better understanding of the function of cilia and its role

 during development. The higher concentration of tubulin in the archenteron cells suggests that the length of the cilia is

 bigger within that region; or there are more cilia on those certain cells. This could be a good starting point for future

 research experiments, where the length of cilia verses the concentration of tubulin would be tested. Figuring out this

 relationship, and the role of the cilia presence in the archenteron could be very helpful information that can be used for

 human embryos.

The results of this experiment could be helpful to understand the origin of many human disorders. Previous

 researchers have been working on cilia disorders that have resulted into human diseases (Pan, 2005). Disorders caused

 by abnormal cilia are sometimes referred to as "ciliopathies" (Chizhikov, 2007). Recent studies found mutations in

 cilia-related genes in disorders that include cerebellar malformations, suggesting that cilia might be important for

 cerebellar development. To learn how cilia affect cerebellar development, Victor Chizhikov, Ph.D. and Kathleen

 Millen, Ph.D., at the University of Chicago, in collaboration with researchers from several other institutions, studied

 mice that had genes for two different cilia proteins inactivated in the nervous system but not in other parts of the body

 (Chizhikov, 2007). Results showed that mice lacking either of the two cilia genes lost their cerebellar cilia and had

 much smaller cerebellums than normal mice from the same litter. They also showed severe ataxia, or uncoordinated

 movements, and most died before they were weaned (Chizhikov, 2007). All these results show that cilia are very

 important in human development, and studying them more carefully and in more detail is necessary. A lot of these

 mutations happen during the early development stages, such as gastrulation, so the results of my research led to further

 questions, such as what if a tubulin mutation occurs in the cells undergoing ingression during the gastrula stage? What

 would the results of this disorder be? A possible future experiment would be with sea urchin embryos that are lacking

 cilia in the cells undergoing ingression. The control group would be embryos with cilia in all the cells. The results of
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 this experiment would give an idea of the function of cilia on the ingressing cells, which is still unknown (Morris,

 2012). Another future experiment that can be performed is using a different organism but the same procedure as in this

 research. Some possible candidates could include mammals such as mice. But based on the conclusion of this report,

 the expected results would be the same.
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