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Abstract
Despite other advances in neuroscience, the area of synaptic plasticity remains largely unexplored. The auditory system of the Mediterranean field cricket (Gryllus bimaculatus) is a powerful model from which we can learn about plasticity in more complicated nervous systems. However, the mechanism behind its high plasticity remains unclear. The MAGUK protein family is a group of scaffolding proteins involved in cell-cell adhesion and the formation of cell junctions, specifically synapses. This fact, along with predictions from an in-house cricket transcriptome, indicate that proteins of this family may be partially responsible for the plasticity of the cricket auditory system. To verify this, I set out to characterize the MAGUK protein family in G. bimaculatus by mining a transcriptome for MAGUK-family proteins and developing a categorized family tree of these proteins. I identified twenty-six G. bimaculatus sequences that I believe are homologs of the D. melanogaster proteins polychaetoid, stardust, varicose, metro, caki, calcium channel β, and discs large. I believe that these proteins may play an important role in the formation of new synapses as the auditory system responds to injury. 

 Project Objectives
Despite other significant advances in the field of neuroscience, the area of synaptic plasticity remains largely a mystery. It is, however, a concept that should be given great consideration, as understanding what drives the response of nervous systems to injury is integral in understanding the same process in ourselves. The auditory system of the Mediterranean field cricket (Gryllus bimaculatus) is an especially powerful model from which we can learn much about plasticity in more complicated nervous systems, as the cricket auditory system responds remarkably well to change. Following the loss of an ear, ascending neuron 2 (AN-2), which is responsible for responding to bat ultrasound, sends dendrites across the midline of the animal’s prothoracic ganglion (Horch et al., 2017). These dendrites then form viable synaptic connections with afferents from the contralateral ear, presumably to continue aiding in the cricket’s ability to hear and evade predators (Horch et al., 2017). However, the process by which the dendrites of AN-2 grow and connect across the midline remains to be elucidated.
The MAGUK protein family is a group of well conserved, well characterized scaffolding proteins that are involved in cell-cell adhesion and the formation of cell junctions, specifically synapses (Anderson, 1996; Zordan et al., 2005; Oliva et al., 2012). Additionally, proteins of this family, particularly caki, polychaetoid, metro, discs large, and calcium channel β (cab), have been shown to aid in the recruitment and localization of membrane-bound proteins that are essential for the proper formation of synapses (Kim et al., 1995; Martin and Ollo, 1996; Thomas et al., 1997; McGee et al., 2004; Takahashi et al., 2004; Bachmann et al., 2010; Choi et al., 2011). The strong evidence that proteins within the MAGUK family function in synapses and aid in the development of cell-cell connections, as well as predictions from an in-house cricket transcriptome that these proteins are upregulated following deafferentation, leads me to believe that proteins of this family may be in part responsible for the incredible plasticity of AN-2. In order to verify this, I set out to characterize the scope and specifics of the MAGUK protein family in G. bimaculatus, which I aimed to accomplish by mining a transcriptome for MAGUK-family proteins and developing a categorized family tree of these proteins. 

 Methodology Used
A literature search was performed using the NCBI protein database to isolate thirty-two characterized MAGUK family proteins in D. melanogaster. In order to find similar sequences in G. bimaculatus, these sequences were imported into Geneious (version 10.2) and used as queries for tblastn searches of an in-house G. bimaculatus transcriptome. The resulting sequences with an E value larger than e-10 were removed, as were duplicate sequences. The appropriate open reading frame was then translated for each BLAST hit. Reciprocal BLASTp and domain searches were then performed through NCBI on all of the remaining sequences, and sequences were removed if they did not yield reciprocal results in the MAGUK family or did not contain at least one of the three canonical MAGUK domains, which are the PDZ, SH3, and GUK domains (Anderson, 1996; Dimitratos et al., 1999; te Velthuis et al., 2007). A tree was then created with the resulting sequences and original D. melanogaster sequences using the BLOSUM-45 setting, and a second tree was made with just the original sequences and sequences containing all three of the canonical domains. 

Results Obtained
After removing duplicates and Trinity sequences with no reciprocal BLAST results from NCBI, the results indicated that 147 Trinity sequences derived from the thirty-two original MAGUK D. melanogaster accessions were present in the G. bimaculatus transcriptome. Of these sequences, seventy-five were found to contain at least one of the three defined MAGUK domains (Figure 1). An additional sixteen sequences were found to contain all of the MAGUK domains, and these seem to be structural homologs of either stardust, discs large 1, CASK/CAKI, varicose, or metro, all of which are D. melanogaster proteins (Figure 2). Additionally, ten sequences appear to be homologs of cab, but they were only included in the initial tree, as cab only contains two of the canonical MAGUK domains (Figure 1).

Significance and Interpretation of Results
All of the proteins that I was able to isolate in G. bimaculatus, with the exception of stardust and varicose, play major roles in D. melanogaster in either the neuromuscular junction or synaptic development and maintenance (Thomas et al., 1997; Bachmann et al., 2001, 2010; McGee et al., 2004; Zordan et al., 2005; Wu et al., 2007; Buraei and Yang, 2010; Choi et al., 2011). Given the synaptic relevance of these proteins in D. melanogaster, as well as the similarity in sequence of these proteins and the sequences I identified, it is logical to conclude that the proteins encoded by these sequences also play a role in synaptic development and maintenance in the cricket. Additionally, indications from the in-house transcriptome that proteins of this type are upregulated in the period following deafferentation make it clear that the role of MAGUK family proteins in mediating plasticity should not be underestimated. Indeed, I believe that the sequences I characterized may be integral to the development of new synapses after the removal of the cricket’s ear. In the future, I hope to experimentally verify this belief through qPCR, immunohistochemistry, and in situ hybridization experiments.
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Figure 1: Tree (created using Geneious) with all original sequences from D. melanogaster, which are indicated by (dm) next to the name and all BLAST search hits with at least one of the three typical MAGUK domains (PDZ, SH3, and/or GUK). All of the BLAST hits are named according to the first result of the reciprocal BLAST performed through NCBI, an indication of the predicted nature of the protein. 
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Figure 2: Tree (created using Geneious) with all original sequences from D. melanogaster, which are indicated by (dm) next to the name and all BLAST search hits containing all the three typical MAGUK domains (PDZ, SH3, and GUK). All BLAST hits were named according to the first result of the reciprocal BLAST performed through NCBI, an indication of the predicted nature of the protein.
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