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Abstract: 
 
Lysosomes and pre-lysosomal compartments play an important role in the late endocytic 
pathway, notably in the targeting of endocytosed molecules to other compartments or in 
their degradation.  These late compartments are very dynamic exhibiting homotypic and 
heterotypic fusions and reformation of compartments using mechanisms that are not 
completely understood.  Mucolipin-1 is a transmembrane protein required for dynamic 
lysosomal trafficking events, and is hypothesized to function as a cation channel.  In 
humans, a nonfunctional mucolipin-1 protein results in accumulation of large vacuoles 
eventually leading to neurodegeneration. This lysosomal storage disorder is known as 
Mucolipidosis Type IV. To better understand how mucolipin-1 and its close homolog 
mucolipin-2 function in lysosome biogenesis, we have performed a split-ubiquitin yeast 
two-hybrid screen.  This split-ubiquitin system was designed for the identification of 
transmembrane protein interactions. Our results show interactions between the 
mucolipins and sorting nexins as well as homo and hetero-dimerization of the 
mucolipins. We are also using this system to perform screens for novel interactors with 
the aim of gaining a more detailed understanding of lysosomal trafficking events.  A 
more detailed understanding of these events may also prove valuable for developing 
treatments for patients with lysosomal storage disorders such as Mucolipidosis Type IV. 
 
Introduction: 
 
The mucolipin family includes mucolipin-1, mucolipin-2, and mucolipin-3. Mucolipin-1 
is hypothesized to function as a cation channel and is required for lysosomal trafficking 
events. Additionally, mucoplin-1 localizes to the late endocytic pathway and is involved 
in the targeting of endocytosed molecules to other compartments or in their degradation. 
In humans, nonfunctional mucolipin-1 results in Mucolipidosis Type IV, a lysosomal 
storage disorder where patients exhibit opthomological abnormalities and neurological 
degeneration. Mucolipidosis Type IV is an autosomal recessive genetic disorder and is 
most prevalent in the Ashkenazi Jewish population (Bach, 2001; Puertollano and 
Kiselyov, 2009). 
 
Little is known about protein-protein interactions with mucolipin-1. To investigate these 
interactions we have used the split ubiquitin yeast two-hybrid method, a system specific 
for identifying protein-protein interactions between integral membrane proteins or 
membrane associated proteins (Thaminy et al., 2004). Using this method we have tested 
the physical associations between the mucolipins as well as their ability to interact with 
sorting nexin 1, sorting nexin 2, and sorting nexin 4. Furthermore, colocalization studies 
were preformed for additional evidence to support our results from the split ubiquitin 
yeast two-hybrid study. 
 
The aim of this project was to determine whether the split ubiquitin yeast two-hybrid 
system is sufficient for identifying physical interactions with the mucolipins, and to 
determine if sorting nexins 1, 2, and 4 physically associate with the mucolipins.  
 
 



  
Methods: 
 
The Split Ubiquitin Yeast Two-Hybrid System 
The traditional yeast two-hybrid system allows for the investigation of protein-protein 
interactions within a yeast cell nucleus. However, because the mucolipins are a family of 
transmembrane proteins, we chose to use the split ubiquitin yeast two-hybrid method. 
This modified yeast two-hybrid system allows for the investigation of protein-protein 
interactions between full-length integral membrane proteins or membrane-associated 
proteins within their normal environment in a cellular membrane.  
  
The split ubiquitin yeast two-hybrid system is based on ubiquitin’s ability to reassociate 
and tag proteins for degradation. By attaching half of a ubiquitin molecule, termed Nub 
(for N-terminal ubiquitin) or Cub (for C-terminal ubiquitin) onto each of our target 
proteins, upon protein-protein interaction, the ubiquitin halves will reassemble to form a 
full ubiquitin molecule. Additionally, an artificial transcription factor, LexA-VP16, has 
been fused to the Cub, so that upon ubiquitin reconstitution, the full ubiquitin molecule is 
recognized by a ubiquitin protease, and the polypeptide chain between the Cub and 
artificial transcription factor is cleaved. The artificial transcription factor is then able to 
migrate to the cell nucleus where it binds to our reporter genes, HIS3 and ADE2. 
Therefore, only in the event of a protein-protein interaction between our proteins of 
interest, will the transcription factor be allowed to migrate to the nucleus, and allow the 
yeast cell to grow on our selective medium lacking histidine and adenine.  
 
In order to eliminate that naturally strong affinity between wild type Nub (NubI) and 
Cub, the isoleucine at position 3 of the protein has been exchanged for a glycine (now 
termed NubG). This allows for the reconstitution of ubiquitin only when a strong protein-
protein interaction between the target proteins forces the NubG and Cub into very close 
proximity.  
 
Additionally, Fur4p and Ost1p are proteins found on the plasma membrane and ER, 
respectively. We have used these proteins as controls because neither protein associates 
with the mucolipins. When Fur4 or Ost1 are fused to NubI they function as positive 
controls, and when fused to NubG they function as negative controls.  
 



                                    
 
 
 
 
 
Co-Localization Studies 
Plasmids expressing proteins fused to either eGFP or to mCherry were transfected into 
RAW264.7 macrophages.  Transfected cells were imaged using a Zeiss Meta confocal 
microscope.  Images were processed using Adobe Photoshop. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Results: 
 
Split Ubiquitin Yeast Two-Hybrid Results: 
 
 
 

 
 

                                    
 



Co-localization Results:      
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In accordance with previous data that show mucolipins form homo- and hetero-dimers  
(Venkatachalam, 2006), our results using the split ubiquitin yeast two-hybrid system 
show the following interactions: mucolipin-1 with mucolipin-2, mucolipin-2 with both 
itself and mucolipin-1, and mucolipin-3 with mucolipin-1 and mucolipin-2. Therefore, 
we can conclude that the split ubiquitin yeast two-hybrid system is sufficient for 
identifying integral and membrane-associated protein-protein interactions. Our co-
localization studies showed colocalization of mucolipin-1 with mucolipin-2, and partial 
colocalization of mucolipin-1 with mucolipin-3.  
 
We tested the ability of the mucolipins to interact with sorting nexin 1, sorting nexin 2, 
and sorting nexin 4. Sorting nexins are a family of cytoplasmic and membrane-associated 
proteins involved in endocytosis and protein trafficking. The characteristic feature that 
defines the sorting nexin family is the presence of a PX domain. This PX domain binds 
phosphatidylinositol phosphates, which may play a role in targeting the sorting nexins to 
specific cellular membranes (Worby and Dixon, 2002). Additionally, some sorting nexins 
contain a bar domain which is able to sense membrane curvature, and recruit actin to 
membranes (Dawson et al., 2006). Previously, we found that sorting nexin 2 co-
immunoprecipitates with mucolipin-1. This led to further investigation of this association 
using the split ubiquitin yeast two-hybrid system, as well as testing two other sorting 
nexins, sorting nexin 1 and sorting nexin 4 (these were chosen because they both contain 
bar domains like sorting nexin 2). Our split ubiquitin yeast two-hybrid results show an 
interaction between mucolipin-2 with sorting nexin 1, sorting nexin 2, and sorting nexin 
4. Colocalization was seen between mucolipin-2 with sorting nexin 2 and sorting nexin 4.  
 
 
Discussion: 
 
The split ubiquitin yeast two-hybrid system verified previous results regarding homo- and 
hetero-dimerization among the mucolipins and allowed us to assay for interactions with 
sorting nexins. Therefore, the split ubiquitin yeast two-hybrid system is a good system to 
identify proteins that could potentially associate with mucolipins in vivo. 
 
Interactions between all three sorting nexins with mucolipin-2 but not with mucolipin-1 
or mucolipin-3 suggest specificity.  The strongest interaction was seen with sorting nexin 
4.  Our future studies will be aimed at confirming this interaction and in determining its 
significance. 
 
We are currently performing a genome-wide split-ubiquitin yeast two-hybrid screen, 
using three different mouse cDNA libraries, to identify more interactors of mucolipins. 
We have successfully identified several interactors and are currently confirming these.  
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