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Microscopy - Desiccation

Conclusions and Future Directions

Most of our understanding of biology occurs within a narrow moisture window.
Macromolecules, cells, and organisms typically require above 98% relative humidity to
function. Yet, survival at an extremely low water level (termed anhydrobiosis), is essential
for most seeds, spores, and microscopic animals. How macromolecules, cells, and
organisms can establish and maintain reversible suspension of biological activity at low
water content is not well understood. To elucidate how life can persist without water, we
must understand how molecules, cells, and organisms protect themselves during
desiccation and rehydration. Research in the Tapia lab is centered on understanding how
the yeast Saccharomyces cerevisiae becomes tolerant to desiccation. Previous findings
from our lab have demonstrated that yeast can become desiccation tolerant upon nutrient
depletion or through the introduction of specific protectants. Here we will focus on
elucidating cytological changes that occur to a yeast cell upon cycles of repeated
desiccation and rehydration. We will attempt to characterize any major observable
changes to the cell upon drying and rehydrating a cell. Using a series of transgenic yeast
strains that express a fluorescent protein fused to our protein of interest (e.g. gene Actin
Binding Protein Abp1 is fused with Green Fluorescent Protein GFP, creating Abp1-GFP),
we will characterize the localization of various cellular organelles via fluorescent
microscopy before and after desiccation. We have preliminary data observing different
fluorescent proteins disperse from their original localization to different parts of the cell
upon desiccation and rehydration. A nucleolus localized protein (Nop2-GFP) before
drying is no longer associated with the nucleolus upon drying and rehydrating. Similar
results have been observed with other nuclear localized proteins. Further experiments
using vital dyes as well as different drying parameters will be used to further assess any
major cytological change.

Initial fluorescent microscopy shows different fluorescent proteins dispersing from their
original localization to different parts of the cell upon desiccation and rehydration.
Nucleolus localized protein (Nop2-GFP), is no longer associated with the nucleolus
upon drying and rehydrating. Similar results have been observed with other nuclear
localized proteins. The other 4 GFP strains studied here showed no observable
differences upon drying and rehydrating. Further experiments using vital dyes as well as
different drying parameters will be used to further assess any major cytological change.
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Yeast as a Model Organism

Figure 1. Yeast grows exponentially during the log phase of growth, where ethanol and
carbon dioxide are produced as byproducts from the fermentation of glucose (1 day). Upon
glucose is exhausted, yeast cells divide through what is commonly termed 'post-diauxic'
growth, in where they respire any fermentation products previously produced (e.g. ethanol)
(2-4 days). After all the nutrients have been exhausted, yeast enters G0, or a stationary
phase of growth in where cells are quiescent and highly stress resistant. Quiescent cells
accumulate a large number of important stress protectors.

The Complex Life of Simple Yeast

Organelles - GFP

Brewers or baker’s yeast (Saccharomyces cerevisiae) has been used as a model
organism in Biology labs all over the world. S. cerevisiae has long been a popular model
organism for basic biological research. In the lab it is easy to manipulate, can cope with
a wide range of environmental conditions and controls cell division in a similar way to
our cells. In 1996, it was the first eukaryotic organism to have its full genome sequenced.
It is useful partly because it is relatively cheap and inexpensive to grow in the lab and it
shares a number of important features and similarity with human cells, making the
organism a very useful model in human genetics. Because of these useful similarities, it
is commonly used to further understand particular human pathways and signaling
proteins. It has also been used extensively in the testing of drugs in early clinical study
phases by biopharmaceutical companies.

Yeast Strains expressing endogenously tagged GFP

Sel1-GFP Involved in ER-associated protein 
degradation

Abp1-GFP Actin-binding protein of the cortical 
actin cytoskeleton

Nca2-GFP Protein that regulates expression of 
Fo-F1 ATP synthase subunits

Nop2-GFP Localized to nucleolus
Sec28-GFP Regulates retrograde Golgi-to-ER 

protein traffic
Ixr1-GFP Sequence-specific DNA-binding 

protein
Yml018c-GFP Fusion protein that localizes to the 

membrane of the vacuole
Cep3-GFP Essential kinetochore protein

Desiccate
(2 Days)

Yeast Desiccation Tolerance Assay
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Culture
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Non-Desiccated 
Cells

% Relative Viability

Figure 3. The % Relative Viability of the cells is found by comparing the % Viability of non-
desiccated cells to the % Viability of rehydrated desiccated cells. Research has shown that 
the viability of Wild Type cells increases in the Stationary Phase as opposed to the Log 
Phase.

Table 1. Saccharomyces cerevisiae GFP tagged protein strains. 
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Figure 5 (A-I). (A) BY4742: WT Saccharomyces cerevisiae. As expected, no fluorescence
was seen. (B) Nop2-GFP:protein normally localized to the nucleolus. Drying leads to de-
localization. (C) Sel1-GFP:protein involved in ER-associated protein degradation. No
difference noted after drying. (D) Abp1-GFP: actin binding protein of the cortical action
cytoskeleton. No difference noted after drying. (E) Nca2-GFP: protein that regulates
expression of Fo-F1 ATP synthase subunits. No difference noted after drying. (F) Sec28-
GFP:protein that regulates retrograde Golgi-to-ER protein traffic. No difference noted after
drying. (G) Ixr1-GFP:sequence-specific DNA-binding protein. No difference noted after
drying. (H) Yml018c-GFP: fusion protein that localizes to the membrane of the vacuole.
No difference noted after drying. (I) Cep3-GFP: Essential kinetochore protein. No
difference noted after drying.

(A)BY4742. (B)Nop2-GFP

(D)Abp1-GFP (E)Nca2-GFP (F)Sec28-GFP

(I)Cep3-GFP

(C)Sel1-GFP

(H)Yml018c-GFP(G)Ixr1-GFP

Figure 4. Percent viability of Wild Type yeast after 1, 4, and 7-day 
desiccation and rehydration. 

Figure 2. Saccharomyces cerevisiae cell with labeled localization locations 
for GFP strains in our experiment
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