Amanda Atrash
Disruption of NDEL1 via knockout of DISC1 stunts dendritic spine structure in the hippocampus region of mice
I. Introduction
Schizophrenia is a chronic, debilitating mental disorder that currently affects around 1% of the world’s population. Symptoms vary throughout individuals, however, they are all categorized in about the same three categories: positive, negative, and cognitive. Examples of positive symptoms include hallucinations and delusions, while negative symptoms are more along the lines of social withdrawal and lack of motivation. Lastly, cognitive symptoms include impairment of memory and attention. Because of the wide, variety of symptoms, many patients have high rates of homelessness, violence, and suicide (World Health Organization). These prognoses seriously impact the economy and society - costing upwards of $62 billion dollars per year (Ellaithy et al., 2015). It is for this reason that the World Health Organization ranks this disorder among the top 10 causes of disability in the world (Ellaithy et al., 2015). 

While schizophrenia is such a prevalent and debilitating mental illness to individuals and the population, most drug therapy aimed at treating schizophrenia does a very poor job. While typical antipsychotic drugs are effective against positive symptoms, they also demonstrate a limited efficacy against negative symptoms and cognitive impairments - which have been shown to contribute to functional impairment and predict poor prognosis (Ellaithy et al., 2015, Moreno et al., 2011). These drugs were introduced into clinical practice in the early 1900s and despite the increasing research on schizophrenia, they have not changed much in their chemical structure since then. The limitations of the presently available drugs underscore the need for identification of new antipsychotic compounds aiming at new molecular targets. 

One such target, that has been heavily studied, is Disrupted-in-Schizophrenia-1, a gene-encoding protein that is identified as a genetic risk factor across a spectrum of psychiatric disorders. DISC1 is present at the intersection of several neurodevelopmental pathways and acts as a scaffold - binding a number of other proteins together, which have all been shown to be independent risk factors for major mental illnesses as well (Duan et al., 2007, Soares et al., 2011). Recent studies have suggested a link between DISC1 genotypes and elements of neurocognitive function (Duan et al., 2007). However, much about DISC1 is not known and thus represents a challenge to drug target due to the absence of a solved structure (Soares et al., 2011). Thus, drug therapies involved with DISC1 would need to focus on modulate interaction of DISC1 with one of its many binding partners. 

One of DISC1’s many binding partners includes Nuclear Distribution Element-like 1 (NDEL1). NDEL1 is a centrosomal protein that is involved in mitosis, neuronal migration, neuroplasticity, and neurogenesis during brain development (Burdick et al., 2008). Neural plasticity refers to the brain’s ability to make changes to itself throughout its lifetime. A recent study has demonstrated that NDEL1 expression is decreased in the hippocampus region of those suffering with schizophrenia (Burdick et al., 2008). This suggests that the plasticity of the brain, or it’s ability to adapt, can lead to changes in cognition and behavior. Cognitive deficits, such as those talked about above as a symptom of schizophrenia, may then be a result and consequence of deficits in neural plasticity (Voineskos et al., 2013). As well, an intact NDEL1-DISC1 interaction has been shown to be critical to multiple developmental processes such as neural outgrowth (Nicodemus et al., 2010, Voineskos et al., 2013). Both of these aspects suggest the importance of NDEL1 and DISC1 in understanding a new aspect and relationship in schizophrenia. 

While there have been some studies examining the relationship between NDEL1 and DISC1, much still has to be studied and understood. Does knockout of one protein affect the function of the other? How does the knockout of the protein lead to changes in plasticity and changes in the formation of dendrites in the brain? The purpose of this experiment is to answer similar questions by testing whether knockout of DISC1 impacts the function of NDEL1 in the spine formation of the hippocampus region. 

II. Experiment
 The aim of this experiment is to understand the relationship between the proteins NDEL1 and DISC1 in the development of the spine structure in the hippocampus region of the brain. Samples of the mutant protein DISC1  will be injected inside pre-developmental mice to gather and measure the dendritic spine growth and formation within the hippocampus region. In these samples, DISC1 will be knocked out to test how it’s silence impacts the function of NDEL1, a protein known to play a role in neurogenesis. I would expect that the level of spine formation within the hippocampus be similar to that with a NDEL1 knockout, i.e. under conditions that would negatively impact the cell. 

A. Co-immunoprecipitation
Co-immunoprecipitation is a popular technique used on protein-protein interactions by using target protein-specific antibodies to capture and pull down proteins that are bound to a specific target protein. This method was employed by Moreno et al. (2012) to detect mGlu2 with an anti-HA antibody by capturing 5-HT2A with an anti-c-Myc antibody. Co-immunoprecipitation methods will be employed similarly to Moreno et al. (2012) in this experiment. 
Co-immunoprecipitation primarily works by utilizing antibodies, or large Y-shaped proteins, and using them as ‘tags’ on the proteins of interest. In Moreno et al. (2012), the antibodies were used to tag the serotonin 2A receptor, 5-HT2A. By tagging this integral protein, they were able to detect if mGlu2 was in a relationship with this receptor in the cell. Similarly, in our experiment, an antibody specific tag for DISC1 would be used to detect presence of NDEL1. In Kayima et al. (2006), the antibodies used against DISC1 were raised in rabbits against amino acids 360-374 of rodent DISC1 and affinity-purified. The antibody for DISC1, then, would be rabbit polyclonal anti-DISC1 antibody and will be purchased online. After collecting samples of the hippocampus region of an adult mice brains, solubilizing them, and incubating them with this specific antibody, we would also want to incubate them with protein beads. These protein beads are vital for the experiment and co-immunoprecipitation as they allow us to pull down the proteins through centrifugation and make the protein complex we are hoping to identify heavier than the other proteins in the cell, as seen in Figure 1. Protein A/G beads tend to be utilized for co-immunoprecipitation, and were utilized in Moreno et al. (2012). These beads will also be purchased online through Thermo Fisher Scientific. 
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After the sample has been incubated with the anti-DISC1 antibody and the protein beads and centrifuged, the sample will be run through a Western blot. Moreno et al. (2012), also utilized a Western blot to identify the proteins in their complex. The Western blot will begin with a gel electrophoresis which will separate the proteins by size. Then, they will be moved to a membrane that has been incubated with antibodies for the target protein that we are looking to identify. The membrane used will be a polyvinylidene difluoride membrane as it provides better mechanical support and allow the blot to be reprobed and stored (Mahmood, T., & Yang, P.-C., 2012). Through our earlier steps, we will know DISC1 is involved in the protein complex that has been pulled down from the co-immunoprecipitation. Thus, we will use NDEL1 specific antibodies to confirm that there is a relationship between the two proteins and that they are involved in the same complex. The antibody for NDEL1 is mouse monoclonal antibody, clone OTI1G10 and will be purchased online. To prevent this primary antibody from binding with any membrane nonspecifically, 5% BSA will be used as a blocker. After the Western Blot is run and washed, the signal it produces will be captured on film and developed in a dark room. This signal will be produced by the antibody and an enzyme that will detect the target protein. The enzyme that will be used here will be horseradish peroxidase (HRP), because of it’s smaller size, greater stability, and availability.  
The results will produce a single band that will correlate to NDEL1, and the thickness of the band will help us determine how much of the protein is included in the protein complex. Figure 2 highlights how this band is a semi-qualitative result since the thickness of the band correlates to amount of protein. 
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B. Knockout of DISC1
The knockout of DISC1 in the NDEL1-DISC1 protein-protein relationship will occur to understand how DISC1 impacts NDEL1 and spine formation. The original plan was to knockout the NDEL1 protein, however, further research has shown that knockout of NDEL1 can lead to embryonic lethality and is not viable for life (Sasaki et al., 2005). This is primarily due to the various roles NDEL1 plays in modulate dynein function, coupling of the centrosome and nucleus during neuronal migration, and in determining neuronal positioning (Sasaki et al., 2005, Toth et al., 2008). NDEL1 would also not have been ideal to knockout or knockdown due to our understanding of the role it plays in neural growth. Since we understand how vital this protein is in dendrite growth, it would be more beneficial to understand how DISC1’s relationship with NDEL1 affects its function. 
	DISC1 serves a number of functions in the cell and is involved in a number of protein complexes, as stated earlier. For this reason, a complete knockout of DISC1 also serves as an issue for the cell (Jaaro-Peled, 2009). Jaaro-Peled (2009) collected various approaches to generate a knockout of this protein without creating lethality. One method that was discussed in his work was employed by Li et al. (2007). Their work focuses on using transgenic mice to understand more of the roles DISC1 plays in the body and in schizophrenia-like symptoms. Li et al (2007) focused on creating a knockout of DISC1 that inhibits its binding with NUDEL and Lis1, where NUDEL is a common alias for NDEL1 and Lis1 is an enzyme that is known for regulating the motor protein Dynein. The regions of DISC1 that are known to bind to these two protein complexes are residues 671-852, meaning that these transgenic mice contain DISC1 that are mutant in these regions. So, Li et al (2007) do not generate a conventional knockout method for DISC1, because they do create a mutant version of this protein for the gene. However, the protein is expressed only for a short amount of time - no more than 6 hours, which is necessary since the protein cannot be completely knocked out from the mice. The reason this mutant form is not expressed for a full amount of time is because the mutant protein is fused to a mutant ligand-binding domain (LBD). The mutant form of LBD prevents DISC1 from binding to estrogen. Instead, this ligand form is activated by tamoxifen, which allows the protein to undergo a conformational switch that allows the protein to be functional, while also allowing tamoxifen to be quickly metabolized. The quick metabolization of the inducer causes the protein to be non-functional again, as shown in Figure 4. In other words, the mutant protein with the mutant receptor allows the protein to be expressed for a short amount of time - but only a short amount of time. Through immunoprecipitation and Western blotting, Li et al (2007) were able to highlight that the protein is only functional for a short amount of time. 
	While this method will not generate a full knockout of the DISC1 protein, in that the protein is functional for a short period of time during pre-development stages in mice, it still allows us to highlight the effects a non-functional DISC1 protein plays in adult mice. Similar methods will be employed in this experiment. Transgenic mice will be used with mutant DISC1 that binds to LBD to produce a functional protein for a short period of time. Because Li et al (2007) employed a specific method that prevents binding with NDEL1, this method would be ideal for the experiment.[image: ]
C. Confocal Imaging
Estimation of dendritic spine structure will occur through confocal imaging. This method was employed by Golden et al. (2013) to acquire images of a spine analysis. Images were acquired on a confocal LSM 710 for morphological analysis. Neurons were randomly selected. Dendritic segments were then imaged using a hundred times lens and a zoom of 2.5. A total of ~2,500 dendritic spines were analyzed, with about 2 dendrites per neuron, with 5 neurons per mouse being analyzed. This particular experiment utilized Neuron studio, a program that classifies spines as thin, mushroom, or stubby on the basis of various values, such as diameter, aspect ratio, and head-to-neck ratio. A similar analysis will be done in this experiment. 

III. Discussion
If all goes well, the confocal images of the spine formation will exhibit clear differences between DISC1 knockout and no DISC1 knockout. Similar to the results exhibited from Golden et al. (2013), the confocal images hope to show an increase of stubby and thin dendritic spines (Figure 3).  These results may lead me to the conclusion of the importance in NDEL1 in schizophrenia and the importance of DISC1 in NDEL1 function, ultimately leading me to suggest a possible new drug therapy that targets these two proteins. Unfortunately, those perfect results are not guaranteed - and even more so, if they were, much more research would need to be done focusing on finding more information on DISC1 and NDEL1 separately. 

Another result that could present is that there is no dendritic spine changes - or, that it is actually more ‘mushroom’ dendritic observances seen in those with the knockout of DISC1. The first results - of no change or difference - would be disheartening in that it would show this relationship is not important or vital for schizophrenia. However, it will still bring us closer to where we started. The other set of results, that the knockout actually positively impacts spine formation in the hippocampus region would be more so revolutionary since the evidence thus far does not suggest that. Ultimately, though, it would lead to a bigger conversation on the relationship between these two proteins and schizophrenia, which could serve as insight on what is still to come. 

Interpreting these results, too will be difficult. A majority of these results are qualitative-based, which makes it much harder to be objective. As you can see from Figure 3, interpreting results from confocal imaging specifically, can be a little more difficult. It adds room for bias in being able to look at the image and seeing the outcome you want. While they have various systems and programs in place to assist with this, so as to stay objective in science, it can still be a little more difficult to truly know that your results are what you think they are.

Despite these possible problems and results, DISC1 and NDEL1 are important proteins that can help us learn more about schizophrenia and neuroplasticity within the brain. With appropriate attention, they can open doors to new drug therapies that may help those suffering with schizophrenia in bettering their prognosis. These advancements would not only save our economy money, but also give thousands of people the opportunity to live better, more full lives. 
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Figure 1. An attempt to show how the protein complex is pulled down through the use of protein beads. The yellow
circles in the antibody figure are the protein beads that are attached to the antibody. These beads will be incubated
with the antibody.
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Figure 2. A western blot result given by the website, proteinTech, which would be our
supplier for the NDEL1 antibody.
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Figure 4. Example of how LBD, or the ligand-binding domain, changes conformation after the binding
with tamoxifen. This binding allows the protein to be expressed for a short period of time - 2 days ata
maximum, according to the work of Li et al (2007), and then creates the mutant protein DISC1 as
non-functional again.
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Figure 3: Results from confocal imaging of spine formation, Golden et al. (2013). Shows qualifiers for
dendrite formation: stubby, thin, and mushroom.




