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Identifying the Mechanism of LIN52 Degradation

I. Introduction:

[image: ]	In 2016, an estimate of 1,685,210 people will be diagnosed with a form of cancer, and 595, 690 will die from the disease (National Cancer Institute). Cancer is an enigma among the medical field with many researchers racing to solve the puzzle through various approaches. Ultimately, the common goal is to find the best way to defeat it. Cancer develops as a result of the unregulated cellular growth of abnormal cells (National Cancer Institute). The entry of a cell into quiescence(G0) amid its cell cycle may be crucial in preventing such deleterious proliferation.  Failure to do so will lead to progression through mitotic division, ultimately giving arise to cancer. 

	The MuvB core is a five-member protein complex consisting of LIN9, RBBP4, LIN54, LIN37, and LIN52 (Litovchick et al). LIN9 is involved with mitosis and differentiation (Litovchick et al ). RBBP4 is involved chromatin remodeling via nucleosomes (Litovchick et al). LIN54 positions MuvB core onto DNA promoter regions (Litovchick et al). Meanwhile, currently there is little known about the function of LIN37 (Litovchick et al). Based on what proteins bind to MuvB, it can form two complexes – DREAM and MMB (DeCaprio). 	Comment by Amanda Luong: Better transition so it is more clear and less complexFigure 1: Visual of Cell Cycle. See G0/quiescence as exit out of the cycle, which halts any growth


[image: /var/folders/mc/s40hv36x4zzbjxw2drv47gz80000gn/T/com.apple.iChat/Messages/Transfers/AmandaEDIT.jpg]The focus of this experiment is on LIN52. LIN52 is a crucial binding site for proteins p130 and BMYB (Guiley et al). If the LIN52 subunit of MuvB binds p130, the DREAM complex is formed, and this complex functions to promote cellular quiescence(DeCaprio). On the contrary, if LIN52 binds BMYB, the MMB complex is formed, which promotes cellular growth (DeCaprio). Without the formation of DREAM, the cell proliferation continues in a deregulated, harmful manner (Forristal et al). 

In a recent experiment, it was determined that a specific protein kinase, DYRK1A, was responsible for phosphorylating LIN52-S28 (Litovchick et al). In order for LIN52 to bind p130 to form DREAM, the phosphorylation by DYRK1A is the catalyzing mechanism (Litovchick et al). Meanwhile, the affinity of binding of BMYB to MuvB to form the MMB complex was not affected by the phosphorylation of LIN52-S28 (Litovchick et al). 
	
Figure 2: Graphic Interpretation of MuvB 
core complex and its potential binding proteins that lead to the formation of DREAM or MMB complexes (Adapted from Litovchick unpublished). 

Studies have shown that the loss of DYRK1A leads to increased levels of LIN52, which suggests that the degradation of LIN52 occurs within the DREAM complex (Litovchick, unpublished). A potential reason for LIN52 degradation is to prevent the premature formation of MMB that can lead to unregulated cell growth. 

One method of protein degradation involves signaling through a ubiquitination cascade in an overall ubiquitin proteasome system (Iconomou). With DREAM having been shown to undergo ubiquitination at LIN52-K106, this suggests that its degradation is involved in a ubiquitin proteasome system (Litovchick, unpublished). Little is known about the exact mechanism of LIN52 degradation, thus the aims of this experiment are to identify the protein(s) involved in the ubiquitination of LIN52 in order to further understand the mechanisms of LIN52 as a component of the MuvB core. 
[image: ../Screen%20Shot%202017-04-29%20at%202.04.28%20PM.png]
II. Experiment:

A. Co - Immunoprecipitation:

	Immunoprecipitation utilizes antibodies to capture a targeted protein (Mann 2001). The molecules not attached to the antibody will wash away. Initially, LIN52 will undergo co-immunoprecipitation in order to isolate the protein itself and its interacting proteins.

B. Mass Spectrometry / Multidimensional Protein Identification Technology (MudPIT):Figure 3. Graphic representation of co-immunoprecipitation (Adapted from Thermo-Fischer).


	A highly specific technique of mass spectrometry, MudPIT, will be utilized to determine the proteins which interact with LIN52. MudPIT utilizes the collaboration between two-dimensional chromatography and tandem mass spectrometry (Washburn 2014). For this experiment, the two dimensions of chromatography will be based on strong cation chromatography and reverse phase chromatography (Washburn 2014). Chromatography allows for the separation of LIN52 and its interacting proteins into fragments which are more easily analyzed via mass spectrometry. The results from the mass spectra will be compared to databases to determine the overall identity of the protein. 	Comment by Amanda Luong: Refresh understanding of these methods for presentation!!
Including: SCX and RP. Be ready to explain. 
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Figure 4. Graphic representation of MudPIT (Adapted from Huber 2003).


C. [image: ]siRNA Knockdown:

	Despite the highly specific capabilities of MudPIT, it is essential that the results returned are validated through alternative strategies (Washburn 2004). Therefore, upon the identification of various protein interactions, RNA interference (RNAi) will be used to observe the effects of the identified proteins on LIN52. More specifically, small interfering RNA (siRNA) will be used to silence the functions of the identified proteins on an individual basis (Ramaswamy 2002). Observations of the relationship between the siRNA knockdowns can be used to determine which protein is involved with the degradation of LIN52. 

D. Western Blot:	Comment by Amanda Luong: Go back and fully understand mechanisms of western blot
 so that I am comfortable explaining it to others if needed.

	To confirm the degradation of LIN52 through the interactions involving the previously identified protein, western blot analyses will be utilized (Mahmood 2012). Western blotting can be used to confirm the knockdown of the targeted protein. Then, further blotting LIN52 in regards to the presence of the identified protein can be used to further observe how the protein affects LIN52 degradation. Figure 5. Illustration of siRNA silencing mechanism



III. Discussion

	Proteins tagged with ubiquitin are subject to proteasome degradation or other mechanisms of cellular growth regulation (Chen 2010). Recent studies determined that LIN52-K106 is a site of ubiquitination; therefore, it is suggested that the protein involved in the degradation of LIN52 is a protein within a Ubiquitin Proteasome System (Litovchick unpublished). More specifically, it is E3 ligases that catalyze the ubiquitination of its targeted substrates (Chen 2010). When interpreting the results of the mass spectra which may return thousands of proteins, there is a focus on identifying proteins categorized as E3 ligases. 
Figure 6. Representation of E3 ligase ubiquitination as catalyzing mechanism involving proteasome degradation (Adapted from Chen 2010).

[image: ../Screen%20Shot%202017-04-29%20at%204.18.50%20PM.png]

	In the event of MudPIT detecting a large range E3 ligases, this experiment will require will a highly-detailed analysis of the enzymatic pathways. RNA interference can be used to further eliminate potential ligases involved, but this can become a strenuous process when dealing with a large network of proteins. This obstacle can be overcome using high-throughput RNAi screening (Iles 2016). 
 	A potential limitation of this experiment is the lack of greater knowledge regarding the MuvB core. It is unknown how this core interacts or even exists outside of cellular regulation mechanisms. With current understandings, MuvB is seen as a unifying intermediate between DREAM and MMB (DeCaprio). Outside of these regulatory protein complexes, little is known about MuvB and its subunits.
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