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selectivity for positive colonies. The plasmid encoding DsRed-FYVE was introduced into 

yeast strains using a one-step transformation protocol as previously described (Chen et 

al., 1992), following which cells were plated on selective media lacking leucine (SD/-

LEU). Positive colonies were confirmed using fluorescent microscopy.   

Colony PCR 

All transformed cells were confirmed using colony PCR. DNA was either 

extracted using MasterPureTM Yeast DNA Purification Kit (Epicentre MPY80200) or 

using a “Quick and Dirty” method. Extracted DNA was used as template and was added 

into PCR mix [19µl Sterile H20, 2.5µl 10x Ammonium Buffer, 1µl MgCl2, 0.5µl 10x 

dNTP mix, 0.5µl 10uM Forward primer, 0.5µl 10µM Reverse Primer, 0.3µl Bull Taq, 

and 1µl Template]. PCR protocol was then run on a BioRad C1000 Thermal Cycler. 

Amplified PCR samples were run on a 1% Ethidium Bromide agarose gel with 5µl of 6X 

Sample Loading Buffer for confirmation against 1X 1Kb DNA Ladder (New England 

BioLabs, N3232L).  

Fluorescence Microscopy 

GFP/RFP tagged cells were also partially confirmed via fluorescent microscopy. 

For this process cells were grown in their respective selective media overnight, and their 

OD was measured using a Thermo Scientific Biomate 3 Spectrophotometer. Cells at an 

OD between 0.6 and 0.8 are spun down (1ml of culture, 1500 rpm for 3 min) and 

visualized using a spinning disk confocal system that includes an inverted Olympus IX81 

microscope, a Yokogawa CSUX1 spinning disk head, a 100× numerical aperture (NA) 

1.4 PlanApo oil objective, and an Electron Amplified CCD (ImagEM, Hamamatsu) or a 

conventional fluorescence microscope (ORCA camera). The image was focused at an 
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equatorial plane of the cells under oil immersion at 100x magnification. Exposure for all 

cases was set to 200ms. Simultaneous two-color imaging was done using an image 

splitter to separate red and green emission signals. All images were taken focused on the 

center plane of the cell. 

Quantitative Analysis of Retromer Colocalization 

 Yeast strains containing GFP-tagged copies of all five Retromer proteins (Vps5, 

Vps17, Vps26, Vps29, and Vps35) with wild type Vps1 or vps1∆ carrying the DsRed-

FYVE plasmid were grown in their respective selective medium overnight at 30˚C until 

reaching an OD between 0.6-0.8. Cells were then imaged using a spinning-confocal 

microscope (ImagEM). Once a sufficient number (n = 30) of these cells were captured for 

each sample, the pictures were analyzed. The number of GFP and DsRed puncta were 

counted separately, and then compared to give a colocalization percentage. This 

percentage represents the approximate amount of colocalization between the GFP and 

DsRed proteins in vivo. Yeast strains containing GFP-tagged Retromer proteins and RFP-

tagged Vps1 were also analyzed in the same manner as DsRed (described above) with the 

exception of Vps5-GFP mRFP-Vps1. Due to loss of Vps5-GFP puncta (most likely due 

to mutation in the tagged protein sequence), this strain was constructed by one-step 

transforming Vps5-GFP yeast cells with an mRFP-Vps1-URA vector. Once all cells were 

counted for all 3 sets, statistical analysis was run on the data, computing the average 

amount of colocalization in each strain, as well as standard deviation and corresponding 

error bars (Microsoft Excel).  
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questions, largely due to the functional overlap of Vps5 and Vps17, as well as both 

proteins being fairly homologous to one another (Horazdovsky et al., 1997; Seaman and 

Williams, 2002). However, the data does give legitimacy to the possibility of the CRC 

(Vps26-Vps35-Vps29) directly binding Vps1. This opens the possibility of the CRC and 

Vps1 being able to recognize each other, which could lead to a possible recruitment 

mechanism, a point of contention described earlier. If it is possible for Vps1 to bind the 

CRC, which could further explain the relationship between the Retromer and Vps1, as 

well as give solid support to the argument that Vps1 may act as the scission protein for 

the retrograde transport pathway. Certainly if the Retromer exhibits the ability to bind to 

Vps1 in vivo, this provided evidence for the scission protein hypothesis, as binding the 

Retromer could be the mechanism by which Vps1 targets the endosomal tubule in order 

to perform the scission function. Perhaps Vps1 recognizes the CRC and binds it, then 

assembles around the tubule in order to pinch of vesicles. This hypothesis would mean 

that the Retromer is recruited before Vps1.  

Conclusions 

 Taken together, my data provides further evidence towards the possibility of Vps1 

to act as a scission protein in Retrograde Transport, as I have presented a basis for a 

relationship between the Retromer and Vps1. Further research must be done into the 

physical interaction relationship, as well as mechanistic studies that may be able to 

identify a more concrete recruitment profile for the Retromer. Nevertheless, the data 

shown here gives an extensive look into the localization and functional relevance of Vps1 

to the Retromer. In addition to recruitment, my data lends evidence that may strengthen 

the Retromer-Alzheimer/Parkinson’s link, and hopefully can provide further insight into 
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the pathology of these diseases.  In the future, I am hopeful that the entirely of the 

Retromer/retrograde transport system can be discovered and characterized, as it would be 

incredibly helpful to neurodegenerative and other human disease. Though it cannot be 

said with certainty, I present that these findings deliver a pivotal step in the clarification 

of the Retromer system, with specific insight into the relationship between the Retromer 

and Vps1.  

Future Directions 

 Moving forward from these results, there are several future experiments that 

would help solidify the data I collected. The Yeast-Two-Hybrid physical interactions 

results reported here need to be confirmed using an alternative protein-protein binding 

assay, such as a GST Pulldown Assay. The recruitment question needs to be completed, 

determining whether or not Vps1 is able to colocalize to the endosome in the absence of 

the Retromer. The decrease in Retromer puncta must be explored, and qPCR can be used 

to determine what change, if any, occurs in the expression of the Retromer in WT versus 

vps1Δ cells. Also, a localization experiment of the Retromer cargo Vps10 to see where 

Vps10 accumulates in WT versus vps1Δ cells would further shed light on the possible 

role of Vps1 as the scission protein for retrograde transport. These experiments are just a 

few possible examples our lab may be able to investigate in the field of yeast Retromer. 
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Figure 8: Retromer Proteins Localize to the Endosome in WT Cells. A: Retromer proteins 

colocalize with the Endosome. Representative images of wild type strains expressing N-

terminal GFP tagged Retromer proteins and the Endosomal marker DsRed-FYVE. 

Arrowheads indicate colocalized puncta. All 5 Retromer proteins show colocalization 

with DsRed-FYVE. B: Quantification of Retromer-GFP colocalization with DsRed-

FYVE. The average percentage of colocalization in each cell shown is out of 100% with 

error bars showing Standard Deviation.  
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Figure 9: Retromer Proteins Localize to the Endosome in vps1Δ Cells A: Retromer 

proteins colocalize with the Endosome. Representative images of vps1Δ strains 

expressing N-terminal GFP tagged Retromer proteins and the Endosomal marker DsRed-

FYVE. Arrowheads indicate colocalized puncta. All 5 Retromer proteins show 

colocalization with DsRed-FYVE. B: Quantification of Retromer-GFP colocalization 

with DsRed-FYVE. The average percentage of colocalization in each cell shown is out of 

100% with error bars showing Standard Deviation. P-values for statistical comparison of 

WT (Fig. 8) and vps1∆ (Fig. 9) partial colocalization: Vps5 p = 0.034, Vps17 p = 0.136, 

Vps26 p = 0.760, Vps29 p = 0.72, Vps35 p = 0.639.  
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Figure 10: Retromer Targeting is Decreased in Cells Lacking Vps1. A: Representative 

images of wild type and vps1∆ strains expressing N-terminal GFP tagged Retromer 

proteins. B: Quantification of Retromer targeting in WT and vps1∆ strains with error bars 

showing Standard Deviation. Cells were grown in selective medium, imaged, and the 

number of puncta were counted in each cell (n = 75). Data analyzed by two-tailed, 

unpaired student’s T-test, giving p-values for each Retromer proteins: Vps5 p = 6.83E-

11, Vps17 p = 0.181, Vps26 p = 5.14E-31, Vps29 p = 7.86E-12, and Vps35 p = 1.56E-09.  
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Figure 11: Vps1 and Vps35 genetically interact. Dilutions of haploid double mutants (ex: 

vps1Δvps5Δ) were grown on YPD plates for 2 days at 30˚C. Abnormal or Inhibited 

growth indicate Synthetic Sickness/Lethality, respectively. The double mutant 

vps1Δvps35Δ shows no growth (Synthetic Lethality) at 37˚C, suggesting a functional 

relationship between Vps1 and Vps35 in vivo.  
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Figure 12: Vps1 Physically Interacts with Several Retromer proteins. A: A dilution series 

of cell strains containing both AD and BD plasmids. Growth on stringent media 

(TDO/QDO) indicates strength of interaction based on activation of reporter genes 

(ADE/HIS). Vps5, Vps26, Vps29, and Vps35 growth on QDO suggest Vps1 physically 

binds with these Retromer proteins in vivo. B: Quantification of Retromer-Vps1 Yeast-

Two-Hybrid physical interaction assay. Relative cell densities on QDO media were used 

to calculate representative binding affinities for all strains tested, with error bars showing 

Standard Deviation.  

 


