Determining regulation of yeast SWI/SNF functions by novel interactors

Statement of Problems
	The SWI/SNF complex is a multi-subunit, ATP-dependent chromatin remodeler that is evolutionarily conserved in eukaryotes, in which recruitment is governed by interactions with histone modifications and transcription factors. When the complex harbors a mutation or deletion, it leads to genomic instability1 and malignancies2 in humans. In yeast, studies have shown that loss of specific subunits lead to altered complex compositions3–5. These altered complexes are hypothesized to have new interacting partners. From preliminary studies, it was found that the loss of snf5 resulted in physical interaction between the 19S regulatory particle (19S RP) and the mutant SWI/SNF in yeast. This interaction was also observed for wild type (WT) SWI/SNF, albeit at a lower level. Preliminary studies also identified Pyk1 as a novel interactor of the yeast SWI/SNF (ySWI/SNF). However, why mutations of the SWI/SNF complex leads to unique interacting partners and the roles of these novel interactors remains unknown. The goal of this research is to study the regulation of biochemical and genomic functions of ySWI/SNF by the 19S RP and Pyk1.
Justification of the Study
	In humans, alterations or inactivation of genes encoding subunits of the SWI/SNF chromatin remodeling complex have been implicated in over 20% of cancers6 and linked to neurological diseases7. Snf5 (Ini1/Smarcb1/Baf47), a core subunit of the complex, is the most extensively characterized subunit and is inactivated in nearly all pediatric rhabdoid tumors8. The loss of snf5 has also been shown to affect certain cellular pathways, including the p16-RB and Polycomb pathway, and expression of specific proteins9. Human SWI/SNF (hSWI/SNF) has orthologous counterparts to yeast including Arid1a/Baf250a (ySwi1), Brg1 (ySnf2), Baf155 (ySwi3), and Ini1 (ySnf5)4. Fundamental observations in yeast can help understand the role of SWI/SNF in humans and cancer. The unique protein-protein interactions found in yeast can play an important role in determining strategies for therapeutic methods for cancers related to SWI/SNF in humans.
1.1 SWI/SNF
In general, SWI/SNF functions in gene regulation and regulation of chromatin architecture10,11. Human SWI/SNF (hSWI/SNF) also plays a vital role in cell differentiation, development and DNA repair12. There are multiple isoforms of subunits that allow for variations of the SWI/SNF complex to exist within a given cell and across tissues13. With the advent of new technology in human genome sequencing, studies have shown diverse roles of SWI/SNF in cancer13,14. Unfortunately, the role of individual subunits of SWI/SNF in cancer etiology remains poorly understood.
[image: ]	In S. cerevisiae, SWI/SNF is recruited to approximately 10% of all genes under normal conditions but is required for transcription that occurs as a response to stress conditions15. The ySWI/SNF occurs in a monomorphic form. Several studies show evidence that when subunits are deleted, it does not cause full disruption of the complex, rather the existence of several modules4,5. These modules include a catalytic module, a regulatory module and an independent module made up of the Swi1 subunit (Figure 1). The catalytic module, which contains the ATPase subunit, Snf2, and several accessory subunits, including Snf11, Arp7, Arp9 and Rtt102, was functional in remodeling nucleosomes, equivalent to that of an intact SWI/SNF complex3, however, failed to show transcriptional activator dependent increase in activity of ySWI/SNF4,5. 
2.1 The 26S Proteasome 
The well-known function of the 26S proteasome, a large multi-protein complex, is that it degrades proteins bound by a polyubiquitin chain16–18. Found mainly in the cytoplasm but also in the nucleus, the 26S proteasome is comprised of two sub-complexes, the 20S core particle (20S CP) and the 19S RP. The 19S RP binds to ubiquitinated substrates, unfolds the protein through catalysis of ATP and translocates the unfolded protein into the 20S CP for degradation19–21. Within the last decade, non-proteolytic roles of the 26S proteasome have been identified, particularly with the sub-complexes22. 
2.2 The 19S RP
The 19S RP can be broken down further, consisting of a lid and base. The lid is the detector of polyubiquitination while the base contains the ATPase subunits that unfolds the proteins to enter into the 20S CP. Interestingly, genome-wide location analysis have shown transcription of several stress-responsive genes are regulated by the 19S RP, independent of the 20S CP23. Importantly, evidence from biochemical studies indicate that the 19S complex can be recruited to regulate nucleotide excision repair24, associate with RNA polymerase II in transcription25, and assemble activator complexes26–28.
2.2.1 The 19S RP functions in gene transcription and histone modifications	
Chromatin immunoprecipitation (ChIP) experiments have demonstrated that the 19S sub-complex is associated with transcriptionally active genes in S. cerevisiae29. The 19S RP has been shown to be recruited to the GAL1 upstream activating sequence (UAS) through a Gal4p and SAGA interaction30. In particular, it was through the ATPase activity of the 19S base that enhanced this interaction, specifically with the SAGA (Spt-Ada-Gcn5-acetyltransferase) complex, a transcriptional coactivator26. Using a yeast mutant proteasome, sug1-25, an ATPase-domain mutant, it was found that this subunit was necessary for SAGA targeting to promoters. There was also an observed synthetic genetic interaction between the two protein complexes, again, using sug1-25 to compare phenotypes and growth.
The 19S RP in yeast has also been shown to function in epigenetic gene regulation, connecting the ATPase activity of the 19S RP to H2B ubiquitylation and then to H3 methylation at K4 and K7931. It is the ubiquitylation of histone H2B that signals the recruitment of the 19S components to chromatin. The evolutionarily conserved CCR4/NOT complex has also been identified to associate with the 19S sub-complex and regulate the trimethylation of H3K432. 
3.1 Pyk1
	In yeast, there are two pyruvate kinases, Pyk1 and Pyk2 (pyruvate yeast kinase isoform 1 and 2, respectively). Pyk1 is the major pyruvate kinase, an enzyme that regulates the last step in glycolysis, converting phosphoenolpyruvate (PEP) and ADP into pyruvate and ATP. Glucose induces Pyk1 expression and represses Pyk2. Pyk1 is allosterically regulated by the glycolytic pathway enzyme, fructose 1,6-bisphosphate (FBP), which increases the affinity of Pyk1 to PEP. Pyk1 is found in two forms, homodimers and tetramers, and located in both the cytoplasm and nucleus33.
3.2 PKM2
	The ortholog of Pyk1 in humans is PKM2 (pyruvate kinase muscle isozyme M2). PKM2 can be found in four isoforms, PKM1 and PKM2 which is encoded by PKM, and PKL and PKR which is encoded by PKLR, in which all function in various cell tissues34,35. Like yeast, PKM2 exists in two forms, as a tetramer in which it performs its primary function, and as a dimer, in which posttranslational modifications to the dimer causes nuclear localization and protein kinase activity and in turn, has implications in cancer36,37. It has also been shown that PKM2 can localize into the nucleus through co-localization with PIAS338.
3.2.1 Evidence of PKM2 functioning as a protein kinase
	In several studies, it has been reported that PKM2 can function as a protein kinase, phosphorylating directly from PEP to serine, threonine or tyrosine residues on target proteins in humans39. The targets of PKM2’s nonmetabolic function includes histone H3 on T11 (H3T11)40, myosin light chain 2 (MLC2) on Y11841, budding inhibited by benzimidazoles 3 (BUB3) on Y20742, signal transducer and activator of transcription 3 (STAT3) on Y70536, and extracellular signal-regulated protein kinase 1 (ERK1) on T20243. It has also been shown that PKM2 can translocate into the mitochondria, interact and phosphorylate B-cell lymphoma 2 (Bcl2) at T69 under oxidative stress to prevent proteasome-mediated degradation of the molecule44. 
	Using a quantitative phosphoproteomic approach, He et al.45 determined a total of 974 residues in 405 proteins, including several mentioned previously, to be potential PKM2 substrates. Interestingly, they found that 67.5% of PKM2 substrates were nuclear proteins and their findings also found that PKM2 phosphorylated AKT1 substrate 1 (AKT1S1), which is an inhibitor of mTORC1, at two sites, S202 and S20345.
3.2.2 Evidence of Pyk1 functioning as a protein kinase
	As in humans, Pyk1 in yeast also phosphorylates histone 3 at T11 to regulate gene expression and oxidative stress resistance46. Pyk1 forms a protein complex with SESAME (Serine-responsive SAM-containing metabolic enzyme complex). The whole complex is necessary for phosphorylation at the histone site through an interaction with the Set1 complex, which requires methylation of H3K4 by Set1 for H3T11 phosphorylation33. The serine metabolic enzymes provide serine to Pyk1 to enhance phosphorylation of H3T11, which was also shown with PKM2. Interestingly, serine also promotes the pyruvate kinase activity of Pyk133. The SESAME-Pyk1 complex has also been found to be regulated by glycolytic enzymes and metabolites46.
Experimental Design
Yeast Strains used throughout studies
	In order to study protein levels and genetic interactions between the SWI/SNF complex and the proteasome, several yeast strains will be used. Exploration will be with a wild type strain, Sc507, and with strains carrying a mutation in the 19S RP, sug1-25 (D251Y in Rpt6 subunit which affects the catalytic function)47, sug1-3 (G184D which is not part of the ATPase domain in Rpt6)47, and sug2-1 (A56V and E300K in Rpt4 subunit)48, in the same background. Another mutant proteasome strain that has a mutation in the 20S CP will be used to observe interaction of the other sub-complex of the 26S proteasome. The wild type strain is WCG and the mutant strain in the same background is pre1-1,4-1 (S142F in Pre1 subunit of 20S CP disrupts the chymotrypsin-like activity and at position 252 in Pre4, a stop codon is produced, resulting in a truncated protein, shortened by 15 amino acids)49,50. All strains will be grown at 30C and in yeast extract peptone dextrose (YPD) unless otherwise noted.
	Strains will be MYC-tagged (pFA6-kanMX6 plasmid) on the Snf5 and Swi3 subunits through a lithium acetate/single-stranded DNA/polyethylene glycol (LiAc/SS-DNA/PEG) transformation protocol51. Using the same protocol, SWI/SNF subunits will be deleted in the MYC-tagged strains. Subunits are deleted using selectable markers (pRS41X plasmids) to replace the gene. Verifications of deletions will be checked by PCR through a method from Gardner et al52. These deletion strains will be used in the preceding studies and procedures. 
[image: ]Aim 1: Studies to determine a genetic interaction between the 19S Regulatory Particle and ySWI/SNF
Rationale
	Preliminary studies from mass spectrometry indicate that deletions of subunits result in the mutant ySWI/SNF interacting with the 26S proteasome; however, interaction is mostly with the 19S RP, although to a lesser extent with the 20S CP (Figure 2). From studies, it is evident that the 19S RP has non-canonical functions, separate of the 20S CP, in gene regulation and forming interactions with complexes to allow for functional processes. Specifically, I want to know if the 19S RP regulates remodeling activity of the catalytic module and its recruitment to promoter regions of genes.
Methodology 
Does the 19S RP regulate functions of the SWI/SNF?
	Deletion strains in the WT and mutant proteasome strains will be compared through observation of growth phenotypes at 30C and 37C on YPD plates at 24 and 48 hours. If the interaction between the 19S RP and SWI/SNF is due to degradation, when there is a mutation in the 19S RP, the mutant SWI/SNF will be stabilized because it can no longer be degraded and an increase in growth should be observed. However, if the 19S RP and SWI/SNF are interacting based on functional regulation, a mutation in the 19S RP and the SWI/SNF complex would result in a decrease in growth.
[image: ]	The observations from the phenotypes of the 19S RP and SWI/SNF does not rule out possible 20S CP interaction, as Figure 2 indicates that several 20S CP subunits interacts with ySWI/SNF. Using the same expected results as the 19S RP and SWI/SNF, an increase in growth would be an interaction based on degradation, whereas a decrease in growth would be a genetic interaction. I have performed preliminary genetic interaction studies, specifically at 30C (Figure 3). 
In strains that contain a mutation in the 19S RP, there is a decrease in growth compared to the WT strain (Figure 3A). This suggests that the 19S RP may be aiding function of the mutant complex rather than degradation. When compared to the strain that contains a mutation in the 20S CP, there is no significant change in growth between the WT and mutant strains (Figure 3B).
	To rule out the possibility that the interaction of the proteasome with SWI/SNF if the subunit deletion strains is the result of degradation of the residual complex by the proteasome, I will perform Western Blots and look at protein levels in the strains mentioned above. An increase in protein levels could indicate that the interaction is due to proteasomal degradation; however, a stabilization or decrease in protein levels could indicate that there is a genetic interaction.
Does the 19S RP affect biochemical functions of SWI/SNF?
	To observe effects of biochemical functions on SWI/SNF by the 19S RP, I will perform in vitro assays, specifically nucleosome sliding and binding assays. First, I will purify WT and mutant SWI/SNF (specifically loss of snf5), through a FLAG-tag on the endogenous Snf2 subunit. To verify that the purification worked, the complex will be resolved on an SDS-PAGE gel and visualized by silver staining. I will quantify the amount of complex purified. Activity of the complex is also necessary. In order to detect activity, I will perform nucleosome sliding assays. I will reconstitute nucleosomes from human core histones that have been purified from Escherichia coli onto DNA with a -601- nucleosome positioning sequence containing a Cy5 label at the 5’-end. I will add the SWI/SNF complex to a set concentration of nucleosomes and resolve on a 5% non-denaturing TBE (Tris-Borate-EDTA) gel and visualize using the Typhoon FLA 9000 through the Cy5 label on the DNA.
	Next, I will purify the 26S proteasome. Using a TAP-tag on the endogenous Rpn1 (19S RP base), endogenous Rpn12 (19S RP lid), and endogenous Pre1 (20S CP), the 26S proteasome will be purified as well as each sub-complex. The purification is a 2-step process that requires stringent, high salt buffers (350mM NaCl). To dissociate the 19S RP from the 20S CP, I will use a high salt buffer (500mM NaCl). To verify that the purification worked, the complex will be resolved on an SDS-PAGE gel and visualized by silver staining. In order to determine if the proteasome is active, I will perform ATP hydrolysis assays on both the full complex as well as the sub-complexes. I will also quantify each purification.
	Finally, I will perform in vitro assays, specifically nucleosome sliding assays. Using a set concentration of nucleosomes and WT or mutant SWI/SNF, I will add increasing concentrations of the 19S RP, 20S CP, and 26S proteasome, in independent experiments. If the proteasome stimulates WT or mutant SWI/SNF activity, an increase in remodeling should be expected with an increase in concentration of the 19S RP and the 26S proteasome. If the interaction is due to degradation, remodeling activity should either remain similar with increasing concentrations of the proteasome or could decrease in activity as the WT or mutant SWI/SNF may be degraded.
Does the 19S RP regulate SWI/SNF occupancy at genes?
	Studies have shown that the 19S RP, independent of the 20S CP, plays a role in gene regulation. In order to study if the 19S RP can regulate SWI/SNF occupancy, I will first look to see if the proteasome and SWI/SNF complex co-occupy the same genes. In order to examine the occupancy of the complexes on genes, I will perform chromatin immunoprecipitation sequencing (ChIP-Seq). Observations of SWI/SNF occupancy at genes will be carried out with a Snf2 antibody in the WT strain, Sc507. Using the same strain, Rpt1 of the 19S RP will be MYC-tagged using the transformation protocol mentioned previously. Observations of the 19S RP occupancy at genes will be carried out with a MYC antibody. I will compare the occupancy of both complexes. I will then carry out ChIP-Seq in the sug1-25, the ATPase domain mutant, strain. Using the same procedure as above, I will analyze occupancy of SWI/SNF and the mutant 19S RP through a Snf2 antibody and MYC antibody, respectively. The occupancy of both complexes will be done at 30°C and 37°C as SWI/SNF is necessary for stress conditions (37°C). ChIP-Seq on the sug1-25 strain will verify that the 19S RP mutant can occupy genes. The mutation in the 19S RP could possibly affect its ability to bind to genes. However, if that is not the case, I will compare occupancy of SWI/SNF when the 19S RP is mutated and determine which genes are affected by the mutation in the 19S RP. 
Recruitment of SWI/SNF to promoter of genes occurs through two mechanisms, acetylation of histone tails which is recognized by the bromodomain of Snf2 and through contact with transcriptional activators by the subunit Snf2 and Snf5. The mass spec data (Figure 2) showed that there was a greater interaction between the proteasome and the SWI/SNF complex when there was loss of snf5. A study by Dutta et al. showed that when snf5 was loss, there was loss of Snf2 occupancy at specific genes; however, there were a subset of genes that were not affected by loss of snf5 and did not affect Snf2 occupancy. The study then looked at acetylation of histones at these subsets of genes where Snf2 occupancy was not affected and found that there was some increase in acetylation but not a significant amount4. To determine if it was through acetylation that allowed for Snf2 occupancy, the bromodomain of Snf2 was deleted. Interestingly, Snf2 occupancy at these genes was not affected, raising the question that the possibility of another factor may be regulating the catalytic module’s occupancy at these genes4.
To determine if the 19S RP regulates the catalytic module’s occupancy to genes, I will MYC-tag Rpt1 in the sug1-25△snf5 strain. Using the same strategies presented above, I will carry out ChIP-Seq in the same manner. The study by Dutta et al. showed genes at which Snf2 still occupies when snf5 is loss. I will then compare Snf2 occupancy in the sug1-25 strain to the sug1-25△snf5. The goal is to determine if the mutant SWI/SNF can still be recruited to genes with or without the 19S RP mutation. This will help define if the 19S RP is an important factor in regulating SWI/SNF genomic localization and function. This study will help understand how mutant SWI/SNF complexes can still be recruited to genes and how the interaction between the 19S RP and SWI/SNF affect transcriptional output.
How does SWI/SNF and the 19S RP interact?
	A possible interaction between the 19S RP and SWI/SNF could be through ubiquitination of SWI/SNF subunits, specifically monoubiquitin. The proteasomal subunit Rpn13 Is a ubiquitin receptor which can bind to ubiquitin chains as well as monoubiquitin53. Proteins that are monoubiquitinated have a distinct biological process. Substrates that are monoubiquitinated have been linked to DNA repair, gene expression and endocytosis54, as well as chromatin regulation and protein sorting, unlike polyubiquitination, which is associated with degradation55. Preliminary studies from post-translational mass spectrometric analysis of purified WT SWI/SNF showed two sites on Swi3 to be monoubiquitinated, K165 and K784, 36.67% and 45.83% respectively, as compared to total spectra. At K369 on Snf2, it was shown to be monoubiquitinated 33.33% as compared to total spectra.
	To determine if interaction is through monoubiquitination, I will first clone the Snf2 or Swi3 gene into a plasmid. I will then carry out site-directed mutagenesis to mutate the lysine residue to an alanine. I will sequence the mutated swi3 and snf2 constructs in order to determine that the mutation is present and then sequence the full gene to verify there are no other mutations present in the gene. The plasmid will be purified from E. coli. The plasmids will be transformed into yeast using the transformation protocol mentioned previously. 
	To observe changes, specifically a decrease in interaction, I will perform immunoprecipitation (IP) and then carry out Western blot analysis. I will MYC-tag Rpt1 in the mutated lysine SWI/SNF complex, purify the complex through Snf2 and probe for the MYC-tag through Western blot to confirm if the proteasome co-immunoprecipiates with the mutated lysine SWI/SNF complex. Using the mutated lysine SWI/SNF complex, I will also perform growth assays and ChIP qPCR. Is there a loss of genetic interaction that occurs with the lysine mutation and is there a change in Snf2 occupancy at genes, respectively?
Aim 2: Studies to determine regulation and interaction between Pyk1 and ySWI/SNF
Rationale
	Preliminary mass spectrometric analysis studies revealed an interaction between SWI/SNF and Pyk1. There is evidence in both humans and yeast that PKM2 and Pyk1, respectively, phosphorylate proteins and histones. SWI/SNF is recruited to certain genes by transcriptional activators but also through covalent modifications of histones. Phosphorylation of H3T11 could be a site of recruitment for SWI/SNF. Also, with growing evidence of PKM2 and Pyk1 acting as a protein kinase, interaction between SWI/SNF and Pyk1 could result in phosphorylation of specific residues on subunits of the remodeling complex which may be necessary for SWI/SNF function and regulation.
Methodology
Does Pyk1 interact with the SWI/SNF complex?
I have purified a Pyk1-TAP tagged strain. I also purified the control, untagged BY4741, at the same time. I performed a Western Blot on the purified Pyk1-TAP strain, immunoblotted with an antibody against Snf2. In Figure 4, I have also included a purified Snf2-FLAG to give a reference of where Snf2 runs. In the Pyk1-TAP purification, Snf2 is detected, indicating a possible physical interaction between SWI/SNF and Pyk1. Figure 4: Western blot showing purified Pyk1-TAP pulled down the SWI/SNF subunit, Snf2, but not in the control, BY4741.

	Using a Snf2-TAP tagged strain, I will MYC-tag Pyk1, as described earlier. I will then purify Snf2-TAP. I will verify the purification by resolving on an SDS-PAGE and visualize by silver staining. I will then probe for interaction with Pyk1 with antibodies against MYC through Western blot analysis. Signals will be detected using chemiluminescence reagents. Immunoblotting for the MYC tag will indicate if the purified SWI/SNF co-immunoprecipiates with Pyk1. 	 
How does phosphorylation of H3T11 affect SWI/SNF occupancy?
	Although there is a possibility that Pyk1 acts as a protein kinase and phosphorylates specific residues on subunits of the SWI/SNF complex, Pyk1’s protein kinase function of phosphorylating H3T11 could be regulating SWI/SNF recruitment to genes. Interestingly, at H3K9 and H3K15, two sites of acetylation which SWI/SNF is recruited to, the phosphorylation at H3T11 could further help disrupt the contact between the DNA and histone, along with the acetylation markers, allowing for SWI/SNF recruitment. A study by Oh et al. found that upon nutritional stress, there was an increase in H3T11 phosphorylation; as mentioned, ySWI/SNF is necessary as a response to stress in transcriptional activity56.
	To test the effect of H3T11 phosphorylation, I will reconstitute nucleosomes from human core histones that have been purified from E. coli. Because E. coli do not post translationally modify histones, focusing on just phosphorylation on histone 3 at position 11 is possible. Using the purified Pyk1 and commercially available PEP, I will add the reconstituted nucleosomes to ensure that only phosphorylation occurs on histone 3 at position 11. To verify that phosphorylation has occurred, I will run a Western blot analysis, using antibodies directed towards H3T11 phosphorylation, and as a control, probe for histone 3. With this modification, I want to see how the phosphorylation site regulates SWI/SNF occupancy on nucleosomes. I will perform in vitro assays with phosphorylated and unphosphorylated nucleosomes.
	Using available ChIP data of Snf2 occupancy, I will compare co-localization of SWI/SNF and H3T11 phosphorylation at genes. To test If H3T11 phosphorylation is required for SWI/SNF localization to genes, I will use a H3T11A mutant to test for changes in occupancy of Snf2 on loss of phosphorylation at these sites. There is a H3T11A (threonine replaced with alanine) strain available in which I will perform ChIP. Results from the WT H3T11 phosphorylation and H3T11A will be compared to examine the occupancy of SWI/SNF. A decrease in occupancy at sites when WT H3T11 is mutated to H3T11A suggests that phosphorylation at these sites are necessary for SWI/SNF recruitment. The phosphorylation site is possibly a signal for active transcription to recruit the SWI/SNF chromatin remodeler. These studies will help define if H3T11 phosphorylation signals as an active marker for recruitment of SWI/SNF and in addition, reveal genes that are regulated by this mechanism. 
Does Pyk1 phosphorylate SWI/SNF subunits? 
	PKM2’s protein kinase function has been shown to target several proteins and histones, mentioned before. In Figure 5A, I examined the amino acid sequence around the phosphorylation site on each target. Using post-translational modification mass spectrometric analysis of WT SWI/SNF, I have identified several possible phosphorylation sites on Swi3 and Snf2. Interestingly, the study by He et al45, showed that PKM2 preferred phosphorylation on serine or threonine residues spanned by acidic amino acids. In Figure 5B, I have examined serine and threonine residues with acidic amino acids surrounding the phosphorylation sites, using the same data from Figure 5A. As indicated by the highlighted red box, threonine at 386 on Swi3 is phosphorylated approximately 41.665% compared to total spectra.
Once I have identified sites of possible phosphorylation, I will carry out site directed mutagenesis by mutating the residue to an alanine. I will carry out growth assays to determine which sites I found are relevant in SWI/SNF function. A change in phenotype may suggest that the phosphorylation site is significant and can cause a gain or loss of function in the chromatin remodeler. I will then screen these mutants. Sites that are necessary, I will raise antibodies against.
Does Pyk1 affect biochemical function of SWI/SNF?
The identification of possible phosphorylation sites by Pyk1 can also help understand if this affects biochemical function of SWI/SNF, is the modification important. The first indication was introduced above, changing residues that are phosphorylated into alanine. If phosphorylation is necessary at that residue, disruption of the residue would have an effect on biochemical function of SWI/SNF.
To further analyze biochemical functions, I will introduce phosphomimetics. In place of the serine, tyrosine or threonine, I will replace it with an amino acid substitution that mimics a phosphorylated protein, for example aspartic acid which is chemically similar to phospho-serine. A
B

The sites I have identified to be phosphorylated, the modification is not 100%. It is possible that phosphorylating certain sites is necessary for function. However, what if a site is constantly phosphorylated? Yeast SWI/SNF is necessary during stress conditions. Introducing the phosphomimetics, I will grow the strains in normal conditions as well in altered media conditions (other than glucose) or different temperatures. Replacing the phosphorylation site with a constant mimicked phosphorylation, could possibly affect the phenotype and the biochemical functions of the complex. I will perform in vitro assays and growth assays to observe how constant phosphorylation effects activity of the complex. 
Does Pyk1 affect genomic localization of SWI/SNF?
I will also test to see if there are changes in genomic localization. These phosphorylation sites may be important for recruitment of SWI/SNF to specific genes. Changes in genomic localization will be performed with ChIP-Seq, as described earlier. These observations will also be done under stress conditions, altered media conditions and different temperatures, to look for defect in growth since it was screened for earlier.
Resources Required
	The majority of resources and equipment required for this research will be provided by Arnob Dutta’s lab. Any other necessary instruments will be conducted at the Rhode Island Sequencing Genomics Center and at the INBRE core facility. ChIP-Seq will be carried out by Genewiz.
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Figure 5: Possible phosphorylation sites on Snf2 and Swi3 using post-translational modification mass 
spectrometric preliminary data. A) The amino acid targeted for phosphorylation is highlighted in red 
and similar amino acid combinations before and after the phosphorylation site are bolded. B) The 
amino acid targeted for phosphorylation is highlighted in red and surrounded by acidic amino acids 
which are underlined. Each table also contains the percentage modified compared to total spectra. 
Highlighted in red, was the residue that had the highest percentage of phosphorylation.
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Figure 1: Architecture Model of ySWI/SNF. The catalytic
module, represented in green, consists of Snf2, Snf11,
Arp7, Arp9 and Rtt102. The regulatory module,
represented in purple, is made up of two sub-modules,
Snf6, Snf12, and Swi3 and SnfS, Swp82, and Taf14. The
independent module, represented in yellow, is made up
of Swil.
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Figure 2: Heat map of different deletion strains.
Each column represents an isolated TAP in a
different deletion strain, and each row represents
an individual subunit of the proteasome. The color

intensity represents protein abundance. The red
box indicates subunits of the 195 RP base.





