
Generating a reliable reporter for SSA4 mRNA export during heat shock

Luke W. Cline & Rebecca L. Adams, PhD
Biology Department, Belmont University, Nashville TN

Abstract Materials and Methods
For gene expression to occur in a cell, the DNA containing the genes must first be transcribed into
mRNA, the mRNA must be exported from the nucleus to the cytoplasm, and the mRNA in the
cytoplasm must be translated into protein. Thus, an essential process of eukaryotic cells, such as S.
cerevisiae, is mRNA export. The export of mRNA can be regulated to change gene expression in
response to changing conditions to keep a cell functioning. This project centers around a group of
mRNAs selectively exported during heat shock in yeast cells, specifically the heat shock mRNA called
SSA4. We seek to understand why SSA4 mRNA gets exported while most mRNA transcripts remain
trapped in the nucleus.
Answering this question requires a reliable way to accurately assess the export of SSA4 mRNA in the
yeast cell. My project is to generate new reporter plasmids with the SSA4 gene that accurately reflect
this gene as it is found in normal yeast cells. Generating these more accurate plasmids will remove the
region called U1A that we hypothesize to be hindering the functionality of our reporter plasmids.
From our experimentation with the new reporter plasmids, we garnered inconclusive results. We can
tell that new reporter plasmids have been successfully generated, but no definitive conclusions can be
made in the steps beyond plasmid generation. In future experiments, a time course with the plasmids
generated here should be conducted

Introduction
Cells live, grow, and reproduce by using proteins they make from mRNA. During normal conditions, a 
cell exports mRNA from the nucleus into the cytoplasm where it is used to make protein (Fig 1). During 
abnormal conditions, such as heat shock, a cell’s nucleus cannot export normal mRNA and whatever 
proteins it has already made begin to denature (Fig 2). To keep the cell alive, special mRNAs called 
heat shock mRNAs are exported from the nucleus and used to make heat shock proteins (Fig 3).
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Results

Results, continued
• Yeast transformation:

-Take a tube of yeast and mix it with 
plasmid DNA in microcentrifuge tube
-Heat shock the yeast in the 
microcentrifuge to get plasmids inside 
yeast nucleus
-Plate the yeast that now have new 
plasmids on drop-out media (-Ura 
media)

Ubi-Y U1A
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Discussion and Future Directions
According to my results, removing the U1A region in the reporter plasmids does not produce the 
expected fluorescent phenotype in the yeast cells. We expected one hour of heat shock time to produce 
high levels of fluorescence in yeast cells when compared to fluorescence of the non-heat shocked 
yeast cells. We observed that the level of fluorescence decreases when the yeast cell is exposed to 
one hour of heat shock time. It is likely that these unexpected results were due to some error being 
made in protocol. Another source of these results could be that the time under heat shock (1 hour) was 
too long. Previous researchers on this project heat shocked yeast cells for ½ an hour and did not get 
negative levels of fluorescence. These problems are likely unrelated to the generation of new plasmids, 
as figure 9 shows strong evidence of new, correct plasmids being created from the DNA digestion & 
ligation. 
Future experiments should aim at performing a time course experiment with the plasmid reporters 
generated in this project. Without getting accurate data on the new reporter plasmids, it will be 
impossible to make conclusions on their efficacy in comparison to their older counterparts. If the new 
plasmid reporters are seen to produce the expected fluorescence phenotype, further research can be 
done to understand how SSA4 is selectively exported under heat shock conditions.

Fig 7. Data from the fluorescent microscopy photos of yeast containing new and old versions of reporter plasmids 150 
(Ubi-M) and 160 (Ubi-Y). It seems that cutting out U1A in reporter plasmid 150 resulted in lesser fluorescence overall while 
cutting out U1A in reporter plasmid 160 resulted in greater fluorescence overall.

Fig 1. A yeast cell under normal 
conditions

Fig 2. A yeast cell under heat shock 
conditions

Fig 3. A yeast cell under heat shock 
conditions with heat shock (SSA4) 
mRNA

A specific heat shock gene called SSA4 is the focus of this project. Using this gene, we want to find out what 
allows for selective export of SSA4 mRNA while other mRNA cannot export. Based on previous research, its 
hypothesized that the 3’UTR region of the SSA4 mRNA is vital in allowing for selective export. In order to 
assess this hypothesis, reporter plasmids have been made with fluorescent properties to allow for quantification 
of SSA4 mRNA in the cell under various conditions. Reporter plasmids that have been used by previous 
researchers on this project have produced results that indicate the same level of SSA4 mRNA is being exported 
in both normal conditions and heat shock conditions, the opposite of what is expected (Fig 4).
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Fig 4. A potential reason for this is a region in the reporter plasmid 
called U1A. This region is similar in structure to the SSA4 
3’UTR region. This similarity is our hypothesized cause for the 
SSA4 mRNA being expressed similarly under both normal 
and heat shock conditions. To test this, the old reporter 
plasmid with the U1A region was remade as a new plasmid 
without the U1A region (Fig 5).

Fig 5. Old plasmid 
(seen on upper left) 
and new plasmid 
(seen on lower 
right)

With this new plasmid created, the same yeast as before 
can have it Introduced to them and can be run through 
the same tests. Once fluorescence results come in, we 
can answer a crucial question that is necessary for 
figuring out how the SSA4 3’UTR functions. That 
question is this: Does removal of the U1A region 
result in expected levels of SSA4 gene being 
expressed?

• DNA Digestion & Ligation: 
-PCR: using primers to copy all except U1A
-Digestion: cutting to make complementary 
amino acid regions that can be joined together
-Ligation: Reconnect the cut ends of DNA that 
straddled the removed region, reforming the 
plasmids

• Fluorescent Microscopy:
-Take yeast colonies from –Ura media and grow them in –Ura liquid broth
-After growth, take yeast from liquid broth and transfer to microcentrifuge tube to heat 
shock or leave in normal condition; pellet yeast cells
-Take out most supernatant from microcentrifuge; mix leftover liquid with pellet of cells
-Transfer liquid and cells onto glass slide for observation
-Observe yeast cells under white light and under blue light to observe non-fluorescence 
versus fluorescence in yeast sample

PCR&
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Fig 6. Results from fluorescent microscopy photos taken of reporter plasmids 150 (Ubi-M) and 160 (Ubi-Y), new 
and old, when having undergone heat shock conditions and having undergone normal growth temperature 
conditions
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Fig 8. PCR to remove U1A region Fig 9. Test digest results showing correctly cut Ubi-M and Ubi-Y; original, uncut 
Ubi-M and Ubi-Y plasmids on far right
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