
Abstract Desiccation Tolerance on a Slide

Changes to Eisosomes Upon Drying

Conclusions and Future Directions

Due to the impacts of climate change, it has become important to understand how
organism react to new changes like the loss of water caused by droughts. Desiccation
tolerance is the ability for an organism to survive the loss of intracellular water to as
little as 0.1% and when rehydrated the metabolism of the organism resumes normally.
Desiccation tolerance biology can lead to a better understanding and possible
solutions to many of the problems associated with climate change. A group of proteins
that have been shown to play an important role in desiccation tolerance are
hydrophilins, characterized by their small size, positive charge and their intrinsically
disordered structures. Hydrophilins play an important role in desiccation tolerance
through the stabilization of the membranes and proteins during desiccation. Hsp12, the
most highly expressed hydrophilin of the desiccation tolerant yeast Saccharomyces
cerevisiae, plays a significant role in a variety of stress conditions such as heat shock
and has been shown to play a role in the configuration of yeast membranes during
stress conditions. Additionally, an uncharacterized hydrophilin, which we will refer to as
Dry3 (Desiccation Resistance in Yeast 3), caused a significant decrease in desiccation
tolerance when deleted from haploid yeast cells. Therefore, in this study we will use S.
cerevisiae as our model organism to further elucidate the role of Hsp12 and Dry3 in
desiccation tolerance. We will examine the role of Hsp12 and Dry3 and their possible
function as a mediator of the formation and or function of eisosomes (lipid domains in
yeast plasma membrane). We are currently working on experiments to co-localize
various eisosome components (Pil1-mCherry, Nce102-mCherry) and Hsp12-GFP and
Dry3-GFP. We are also currently engineering different strains lacking essential
eisosome components (pil1∆ or nce102∆) as well as lacking our hydrophilin genes
(hsp12∆, dry3∆) and their different deletion combinations (pil1∆;hsp12∆ or nce102∆;
hsp12∆). Our main aim is to characterize the possible relationship between eisosomes
and hydrophilins in desiccation tolerance.

Preliminary data suggests a possible link between eisosomes and hydrophilins during desiccation.
Dry3, an uncharacterized yeast hydrophilin accumulates in eisosome like structures and when
absent leads to desiccation sensitivity. Likewise, proteins essential for eisosome formation
(Nce102 and Pil1) are required for not only eisosome formation but also for complete desiccation
tolerance. Future work will involve co-localizing Dry1/3 with eisosome proteins and creating
strains lacking both Dry3 and essential eisosome compartments.
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Yeast as a Model Organism

Desiccation Tolerance Assay

Figure 1. During log phase of yeast growth, yeast grow exponentially and produce ethanol and carbon 
dioxide as byproducts from glucose fermentation. Once glucose is depleted, yeast go through post-diauxic 
growth where they respire the products produced from log phase fermentation. Once all the nutrients are 
depleted, the yeast enter stationary phase (G0) where the cells are in a state of inactivity helping them 
have many stress protectors and become stress resistant.

The Complex Life of Simple Yeast

Yeast Eisosomes

Hydrophilins/Intrinsically Disordered Proteins (IDPs) 
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Hydrophilins/Intrinsically Disordered Proteins were first identified in Late Embryogenesis 
Abundant proteins that accumulate in plant seeds. Some unifying features of hydrophilins are 
small size, high hydrophilicity, high glycine content. They exist as unstructured random coils and 
can gain structure upon drying. 

Eisosomes are lipid domains in yeast plasma 
membranes. They function to bring membrane 
proteins into distinct domains and are thought 
of to help with desiccation tolerance. 

Figure 2. Eisosomes, Pil1-
mCherry and Nce102-mCherry. 
Images received from Moharir, 
Akshay, et al.

Figure 3. The colony-forming units (CFU) are used to measure % relative viability of yeast cells in log/stationary phase. 
CFU’s are counted for non desiccated cells and also of cells that are desiccated by air drying for 2 days and then 
rehydrated. This shows results of stationary phase cells having a higher % relative viability compared to cells in log phase.

Figure 7. Methylene Blue desiccation assay on a slide. Sample images of Wild Type (A), pil1∆ (B) and 
nce102∆(C) strains containing cells with color (dead cells with methylene blue stains) and white cells (alive 
cells). 
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Figure 4. List of hydrophilins showing most highly expressed, uncharacterized ORFS, and essential genes. Florescent 
microscopy of different yeast strains that have hydrophilins tagged with GFP in order to identify the localization of different 
hydrophilins.  A) Hsp12-GFP, Stf2-GFP, Tif11-GFP, Rpl42b-GFP, Nop6-GFP. B) Gre1-GFP, Dry2-GFP. C) Dr1-GFP, 
Dry3-GFP. 

Growth at 30℃

Desiccation 2 days

Figure 5. Cells were grown to stationary phase
in rich liquid media (YPD). Cells were collected,
washed and plated by 10-fold serial dilutions on
rich solid media (YPD) and allowed to grow at
30°C.

Figure 6. Cells were grown to stationary phase in rich
liquid media (YPD). Cells were collected, washed and
air dried at 23°C for 2 days, cells were then
rehydrated in YPD and then plated by 10-fold serial
dilutions on rich solid media (YPD) and allowed to
grow at 30°C
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Figure 9. Slides were coated with poly-Lysine and let to dry then 10µl of cells are added to the slide. 2 slides were created for
each cell strain. One slide was observed under the microscope and the other was then left to dry at 23°C for 2 days and then
rehydrated with 10µl of water and then observed under the microscope to observe if any changes were seen in eisosomes.
Not differences where found. A) Wild type, B) Nce102-mCherry, C) Pil1-mCherry.
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Figure 8. Desiccation Tolerance on a slide. Percent viability of desiccation tolerance Wild type (black), nce102∆
(yellow), and pil1∆ (grey) strains. The percent viability after four and seven days of desiccation is significantly 
lower in the nce102∆ and pil1∆ strains. 
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