
http://icuc.wheatoncollege.edu/bio324/2014fall/crump_emily/index.htm[3/23/2015 1:04:17 PM]

 

Comparison of Fixation Methods for Staining of Primary
 Cilia on Glial Cells

 
Emily Crump

Neurobiology Short Report
Bio324/ Neurobiology

Wheaton College, Norton, Massachusetts, USA
December 3, 2014

 
Introduction:
            The nervous system of animals is made up of neurons and glial cells. In the brain, glial cells outnumber neurons
 by a ratio of 3:1. The general function of a glial cell is to support neuron growth, synaptic interactions and propagation
 of action potentials (Kandel et. al, 2013). The glial cell of the peripheral nervous system is the Schwann cell. The
 function of the Schwann cell is to form a myelin sheath around the neuronal axons located within the peripheral
 nervous system to propagate action potentials down the axon (Kandel et. al, 2013). The glial cells that are being tested
 in this experiment came from the sympathetic nerve chain of the organism Gallus gallus, the domestic chicken.
            Cilia are microscopic, hair-like structures that extend from the surface of many different kinds of mammalian
 cells. Cilia are made of a microtubule backbone and a ciliary axoneme, surrounded by a plasma membrane (Kandel et.
 al, 2013). The kinds of tubulin that make up cilia include acetylated tubulin and polyglutamylated tubulin (Hammond
 et. al, 2008). There are two kinds of cilia that have been identified: motile and non-motile. Non-motile cilia, also called
 the primary cilium, have been identified on almost every mammalian cell (Singla and Reiter, 2006). A membrane that
 is continuous with the plasma membrane of the cell surrounds the primary cilium. During interphase, the centriole of
 the cell moves to the plasma membrane and produces the axoneme. Since the centriole can be found near the nucleus
 during cell division, the primary cilium can also be found extending from the plasma membrane near the nucleus
 (Singla and Reiter, 2006). When staining a cell for the tubulin that is specific for cilia, the higher concentration
 (brighter spot) of antibody near the nucleus can be labeled as the primary cilium of that cell.
            The immune system has many defense mechanisms to keep the organism healthy. One mechanism that is used is
 the production of antibodies. An antibody is a large, Y-shaped protein that is produced by plasma cells. The function of
 an antibody is to identify and neutralize foreign particles, which aids the body by keeping the possibly dangerous
 particles out. An antibody recognizes a part of the foreign particle called the antigen. The antigen is the ligand that
 binds to the antibody, which then triggers the antibody to start an immune response (Kandel et. al, 2013). The specific
 antibodies used in this study include, IFT88, anti-acetylated tubulin, anti-mouse IgG and anti-rabbit IgG. The primary
 antibodies (IFT88 and anti-acetylated tubulin) were chosen for this experiment because these will stain microtubules
 specific to cilia. When the staining is completed, the cells should be immunofluorescent; therefore the cilia on the glial
 cells will glow (Hammond et. al, 2008).
            This study was conducted in collaboration with Emily Christensen, primary cultures containing dorsal root
 ganglia and sympathetic nerve chains from the embryos of Gallus gallus were be stained with antibodies to test whether
 or not glial cells contain cilia. Chick embryos were chosen for this experiment because they are relatively similar to
 human embryos at the tissue, cellular and molecular level, have a fast rate of development and are fairly large, so they
 are easy to manipulate and visualize during analysis (Vergara and Canto-Soler, 2012). The manipulation of embryos
 with antibodies will be accomplished by staining the cells with IFT88 and α-acetylated tubulin, which are both
 antibodies that stain for microtubules specific to cilia. In order to determine if there are cilia present, brightness values
 of staining will be taken and compared. If there is a concentrated spot on the cell near the nucleus that is brighter than a
 set threshold, it will be considered a cilium (Singla and Reiter, 2006). During this study, two different fixations were
 performed; methanol and formaldehyde/glutaraldehyde. Methanol fixations work best for testing membrane surface
 antigens, while formaldehyde fixations are best for intracellular components (Fox et. al, 1985). The hypothesis tested in
 this study is, if glial cells are fixed in formaldehyde, then the staining of the cilium will be brighter than if the cells
 were fixed in methanol. The target of the staining is the tubulin subunits that make up the ciliary axoneme of the
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 primary cilium. Since the tubulin is an intracellular component of the cell, the formaldehyde/glutaraldehyde fixation
 method will stain brighter than the methanol fixation because the formaldehyde/glutaraldehyde works best for
 intracellular components.

Methods:
Materials
            Dr. Robert L Morris provided the sea urchin embryos used as the positive control in this experiment. These
 embryos were collected on July 13th 2014. The following list of tissue sample materials was used in this experiment:
 Tetramethyl Rhodamine goat anti-rabbit IgG, Cat No. T-2788 purchased from Molecular Probes. Alexafluor 555 goat
 anti-mouse IgG, Cat No. A21422 purchased from Molecular Probes. Mouse anti-acetylated tubulin antibody, Cat No.
 T-6793-0.2mL purchased from Sigma. Rabbit IFT88—N-terminal region pAb, Cat No. ARP53657_P050 purchased
 from Aviva.
Embryo Dissection and Cell Culture
            After ten days of incubation, chick embryos were dissected following the protocol, “Primary Culture Of Chick
 Embryonic Peripheral Neurons 1: Dissection” (Morris, 2014a) with modifications to coverslip preparation and
 incubation periods. After the coverslips were cleaned, they were incubated for fourteen hours. Once the poly-lysine was
 added, the coverslips sat for 30 minutes (this varies from the original Morris protocol in order to increase the chances of
 axonal attachment). During the dissection, the medium that was used was Dulbecco’s Modified Eagle Medium
 (DMEM) instead of Hanks Balanced Salt Solution (HBSS). The growth medium was made by adding 0.05ml Nerve
 Growth Factor, 10ml Fetal Bovine Serum, 1ml pen/strep, 2ml glucose and 1ml of 200mM glutamine to 100ml
 Leibovitz L15 medium. The incubator used was vibration- insulated to allow the cells to settle on the coverslips.
Fixation and Staining of Cells
            After the incubation period, the cells were fixed following the protocol, “Immunofluor staining of SU embryos-
 MeOH Fixation” (Morris, 2013). Instead of using SU embryos for the fixation, the dissected glia and sympathetic nerve
 chains were used. A humidity chamber was made by placing parafilm on the bottom of a 150mm petri dish, lining the
 sides with wet Kimwipes, placing a wet Kimwipe on the lid of the petri dish and placing Eppindorf caps into parafilm.
 Using a sterile pipette, block buffer was removed from each well that contained a fixed coverslip. Each coverslip was
 removed using sterile forceps and placed on an Eppie cap in the humidity chamber.
            When labeling with the primary antibody (IFT88) for the experimental 1 coverslip, 250μl of a 1μg/750μl
 concentration was added and for experimental 2 coverslip, 250μl of a 1μg/75μl concentration was added. When
 labeling with the primary antibody (α-acetylated tubulin) for experimental 1 coverslip, the dilution added was 1:2000
 (A) and for experimental 2 coverslip the dilution added was 1:1000 (D). Using a pipeteman with a clean tip for each
 coverslip, 250μl block buffer was immediately added to the negative control coverslip, 250μl of anti-acetylated tubulin
 (A) was added to the positive control and treatment 1. 250μl of anti-acetylated tubulin (D) was added to treatment 2,
 and the cells sat in the humidity chamber on the bench-top for 1 hour. After an hour, the coverslips were removed from
 the humidity chamber and placed in the 6 well plate filled with block buffer. The coverslips were each washed three
 times with 10mls PBS-T, the PBS-T was removed and 2mls block buffer was added and the cells were placed in the
 fridge overnight. The next day, the cells were taken out of the fridge, and these steps were repeated for the second
 primary antibody and both secondary antibodies. The labeling of the secondary antibodies was the same for the
 experimental 1 and 2 coverslips (5μg/ml of GAM 555 and 5μg/ml GAR rhodamine added to each coverslip). When
 working with the secondary antibodies, the humidity chamber had to be covered in aluminum foil to keep the light from
 bleaching the antibody. The cells were placed on block buffer and left in the fridge overnight after the end of the
 secondary block buffer wash.
Slide Mounting
            One slide was obtained and labeled, and two coverslips were mounted to each slide. Using a sterile transfer
 pipette, one drop of block buffer was placed on the slide for each coverslip. The coverslips were each lifted out of the
 petri dishes using sterile forceps and placed cell side down on the block buffer. A clean Kimwipe was used to clean off
 the back of each coverslip and to remove any excess buffer. Once all surfaces were dry, nail polish was used to seal
 each side of the coverslip down to the slide. Each coverslip was placed inside the cover of a 6 well plate, covered in tin
 foil and placed in a drawer until photographs were taken. Slides were viewed using a Nikon Eclipse E200 at 40x power.
 Cells were imaged following the protocol, “Imaging Fluorescence on Gemini and Pisces computers in ICUC” (Morris,
 2014b). Multiple cells were imaged for each treatment and were chosen for the clarity of glial cells and brightness of
 the staining. Data was collected using an inSight camera on a Nikon 1.0x camera mount and SPOT software with
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 transmitted light and fluorescence.
Analysis
            Collected images were analyzed using the ImageJ software on the Pisces computer in the ICUC. The amount of
 glia per picture was counted and determination of the presence of cilia was done by locating a spot of increased
 brightness near the nucleus of the cell. The brightness values were obtained following the protocol, “Image Analysis for
 Independent Research 2014” with modifications to the mathematical approach to obtaining the brightness value
 (Morris, 2014c). Once the brightness value was obtaining in ImageJ, a ratio of the brightness of the cilia to the
 background brightness was made in order to normalize across the photographs. The averages of each fixation method
 were then taken and compared. Brightness values were compared for the two fixation methods.

Results:
 For the results regarding the hypothesis “glial cells have cilia”, refer to the paper written by Emily Christensen
 (Christensen, 2014). The images depicted each show glial cells stained with the IFT88 antibody, which, along with the
 secondary antibody GAR rhodamine, stains the microtubules within the cells red. A sea urchin embryo was used as the
 positive control in this experiment. The n-values obtained were: 3 cells for MeOH low concentration, 3 cells for
 positive control, 2 cells for MeOH high concentration and 2 cells for Formaldehyde/Glutaraldehyde.
 

Figure 1 (Conn et. al, 2014). Fluorescent image of positive control sea urchin embryo.
IFT88 stained sea urchin embryo shows a concentrated region of cilia called the ciliated band. The highest concentration
 of cilia (marked with the arrows) can be seen on the rounded part of the cells. This picture was taken using a Nikon
 E200 microscope at a 40x using a 1.0x Nikon mount on a Spot RT3 camera.
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Figure 2. Fluorescent image glia exposed to IFT88 and Hoechst after MeOH fixation.
The image on the left shows the nuclei of each cell in blue (indicated by arrows). Glial cells stained with a low
 concentration of IFT88 (1:2000) show a bright concentration of antibody near the nucleus of the cell (indicated by
 arrows). The bright spots near the nucleus were interpreted to be the presence of a primary cilium on the glial cells.
 This picture was taken using a Nikon E200 microscope at 40x with a 1.0x camera mount on an inSight camera.
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Figure 3. Fluorescent image of glia exposed to 1:1000 dilution IFT88 after MeOH fixation.
Glial cell stained with a high concentration of IFT88 show a bright concentration of antibody near the nucleus of the cell
 (indicated by arrow). The bright spot shown here indicates the presence of a primary cilium on this glial cell. This
 picture was taken using a Nikon E200 microscope at 40x with a 1.0x camera mount on an inSight camera.
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Figure 4. Fluorescent image of glial cells exposed to IFT88 and Hoechst after formaldehyde/glutaraldehyde
 fixation.
The image on the left shows the nuclei of each cell in blue (indicated by arrows). Glial cells were stained with a low
 concentration of IFT88 (250μl of 1μg/750μl). Image on the right shows IFT88 staining. The bright spots near the
 nucleus were interpreted to be the presence of a primary cilium on the glial cells (indicated by arrows). This picture was
 taken using a Nikon E200 microscope at 40x with a 1.0x camera mount on an inSight camera.
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Figure 5. Average brightness of cilia located on glial cells for control and experimental slides.
Data was collected with an n-value of 2 and 3 cells respectively. The low dose of IFT88 on the MeOH fixed cells
 stained brighter than the high dosage. The MeOH fixation stained brighter than the formaldehyde/glutaraldehyde
 fixation by a value of 0.025.

Conclusion:
            The hypothesis that, formaldehyde/glutaraldehyde fixed cells would yield a brighter stain on glial cell cilia was
 not supported by the results provided in this study. Cells fixed in MeOH stained brighter than cells fixed in
 formaldehyde/glutaraldehyde. However, the difference between the MeOH and the formaldehyde/glutaraldehyde was
 0.025, which is very low. Since the difference between the treatments is so low, no conclusion can be made on which
 one is better at this time. The MeOH treatment with the higher concentration had a lower brightness than the low
 concentration treatment. The n value used in this experiment is very low; a higher number of cells should be used to
 form a more accurate representation of data. The low n value could factor into the fact that the
 formaldehyde/glutaraldehyde showed a lower brightness value than the MeOH.
            If this study was repeated over a thousand times and the data found was the same as seen in this study, then the
 conclusion drawn from the data would be that neither method is notably different from the other when it comes to
 brightness staining of the primary cilia on glial cells. Since the results of the experiment show a low difference in the
 brightness values of the cilia, it could be concluded that neither fixation method is better than the other, thus either
 could be used for further experiments in this field.
            The brightness values obtained for each fixation method were not notably different, therefore if the study was
 done over a thousand times it would be concluded that the antibodies do not react differently in either fixation method.
 Each antibody binds to a specific target on or in the cells. The antibodies used in this experiment bind the tubulin
 components of the cilia. By using two kinds of fixation methods, it was thought that the cells would react differently.
 However, since there is no notable difference in the brightness values, it must be concluded that the cells reacted in the
 same manor to each fixation method. From a molecular standpoint, a fixation is performed to stop all cellular processes,
 essentially freezing the cell in time. In this study, the binding of the antibody IFT88 and GAR Rhodamine were the
 same in each fixation method, meaning the amount of antibody that was able to reach the tubulin was the same in each
 method. Molecularly, this would indicate that both fixation methods were able to freeze the glial cells in a position
 where a lot of binding cites for the antibodies were available. If more of the antibodies were able to bind to the cilia
 within the glial cells, then the brightness value would increase. Therefore since both methods yielded the same
 brightness values, it is clear that both fixation methods were able to give the antibodies enough binding sites on the
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 cilia.
            Many sources of error could have affected the outcome of this experiment. By stating sources of error, the
 further experiments that are done on this topic can be improved. During the antibody incubation, two coverslips from
 the MeOH fixation method broke (one corner broke off one, one coverslip broke in half). These coverslips were still
 used despite losing major amount of surface area due to the nail polish coverage when mounting. Since the nail polish
 covered more of the coverslips, less information could be seen through the microscope, which decreased the amount of
 data collected. This decrease in possible data could have impacted the results because more information may have
 given a more definitive conclusion. Another source of error in the experiment was the amount of light the slides were
 exposed to while looking through the microscopes. The photo bleaching of the slides caused less usable pictures to be
 taken, thus decreasing the amount of data collected for analysis. If more photographs of the cells were taken before the
 cells were bleached, then the information gathered may have yielded a more definitive conclusion. Since the positive
 control used in this experiment came from a different study, the consistency of the data could be compromised. While
 doing the antibody incubations, the coverslips for each fixation method may have been mixed up due to the many times
 the coverslips were moved around. If the coverslips were mixed up in the 6 well plates, then the data would be
 compromised.
            There are many debilitating diseases that come from deficits in cilia production, thus further investigation into
 this topic will aid the medical world greatly. In humans, defects in cilia can result in many different critical issues,
 including but not limited to: cognitive impairment, blindness, hearing loss, diabetes, dwarfism, sterility, congenital
 heart defects and kidney failure (“Impact of Defective Cilia”, 2014). For future experiments, more slides and cells
 could be used in order to gather higher amounts of data. By gathering more data, the differences in the brightness
 values in each fixation method may have been more notable, which would allow a greater conclusion to be made.
 Different antibodies that also stain for tubulin located in cilia could also be used in further experiments. Each antibody
 has a specific target within the cell, thus using different antibodies would stain other components of the microtubules
 within the cilia. By staining the other subunits of the microtubules that are found in cilia, more cilia on the cells may
 have been stained. If more cilia were stained in the study, then more brightness values could have been obtained, which
 may change the outcome of the study.
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