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1. Inoculation: Placing a small sample of microorganisms or any other type of cell into a culture medium so that the cells grow

2. Air stream dried

3. Diauxie: used to describe the growth phases of a microorganism in culture as it metabolizes a mixture of sugar

4. Trehalose: is an alpha-linked disaccharide form by a glycosidic bond

5. RNA helicase is an enzyme that utilizes energy to hydrolize the structure of RNA

6. Shine-Dalgarno sequence is the ribosomal binding site in the mRNA located 16 nucleotides upstream from the start codon. Only exists in prokaryotypes 

7. Dimorphism: Two distinctly different types of individual within a species. 

8. Fatty acid desaturases introduce double bonds at specific positions in a fatty acid chain

9. Hyperosmotic: increased osmotic pressure. Total amount of solutes in a solution is greater than that of another solution

10. Glycogen is a polysaccharide of glucose that functions to serve short term energy storage

Introduction:

1. Unicellular organisms are subjected to a variety of drastic changes in their environment, and cells have developed programmed responses to stress

2. In response to various stresses, the transcription of a common set of genes known as environmental stress response (ESR) are changed

3. For example, Yeast cells undergoing heat shock induce transcription of proteins known as heat shock proteins or HSPs.

a. HSPs stabilize cellular proteins and reactive heat-damaged proteins

4. However, little is known about the transcriptional response and mechanism for survival at low temperatures

5. Cold causes a variety of changes in physical and biochemical properties of the cell

a. For example decreased membrane fluidity

6. In S cerevistae, experiments reveal a small set of genes in response to cold shock that can suggest membrane fluidity adaptation as a common response

7.  This article describes the global transcriptional analysis of cold response in S. cerevisiae wild-type and ∆msn2, ∆msn4 cells.

8. They compare the cold response to the responses to other stress stimuli
Procedure

1. Strains BY4743 (MATa/ (, wild-type) and BSY24 (same as wt but homozygous ∆msn2::kanMX, ∆msn4::kanMZmet15), and W303 (MATa/ a, wild-type) were used. The strains are diploid

2. Cultures grown in YPD media (2% glucose, 2% bactopeptone, and 1% yeast extract) at 30 C overnight in a 25-ml E-flask shaken at 170rpm. 

3. Overnight cutures diuted to 0.05 OD600 then grown to 0.6OD600 at 30C  then transferred to 10C water bath shaker (incubator) for 10, 30, 120 min at 170rp. Temperature decreased 4 C per minute

4. Total RNA was isolated using the hot-phenol method

a. 500ml cultures were processed in 50ml tubes by extracting with phenol twice for 10 min apiece

b. For 60-h experiment, RNA extraction was improved using glass bead

5. mRNA was labeled by incorporating Cy3- and Cy5-dCTP through reverse transcription. 

a. The cDNA was hybridized onto yeast genomic DNA microarrays

6. Diluted overnight cultures for 12-h experiment group to 0.4 OD600 before shifted to 10 C

7. 60-h experiment, overnight cultures diluted ot 0.05 OD600 in 100 ml of fresh medium grown to 0.4 OD600, and diluted again to 0.05 OD600 in 500ml of fresh medium. 

8. 2 replicates were performed at 0, 2, and 12 h time points; three replicates were performed at 10 min, 30 min, and 60h time points

9. Control microarrays were grown in cultures at 30 C to determine the variability of the experimental factor.

Results:

1. At 10 C, yeast cells showed reduced growth rate but normal growth curve

2. To test the effectiveness of cold shock, five cold-responsive genes (NSR12, TIP1, TIR1, TIR2, and OLE1) were followed

a. UFD1 was significantly induced ruing ECR

3. 280 late cold response genes were induced twofold or more at 12 and/ 60h

a. they were regulated by transcription factors Msn2p and/or Msn4p via STREs in their promoter regions

4. Figure 1: Transcriptional response to cold

a. 634 gene analysis show twofold variation in at least one experiment

b. Genes could be up-regulated or down-regulated

5. Figure 2: 

a. Transcriptional profiles during early cold response
b. Labels a and b represent genes that showed a transcriptional response to cold shock 
6. Figure 3:
a. Compares the transcriptional response to cold and other environmental stresses
b. Part A compares ECR genes to LCR gene and to the responses to MD, XS, OS, DTT, and HS at each time
c. Part B compares the reponses to LCR genes with ECR genes in reponse to menadione, oxidative stress, osmotic stress, dithiothreitold, and heat shock
d. They found that LCR genes when compared to other stress conditions showed a similar transcriptional response to all cases
7. Figure 4:
a. Regulation of gene expression during cold treatment of 634 cold-responsive genes 
b. They found that 120 genes were affected greater than or equal to 2-fold in ∆Msn2 ∆Msn4 strain
8. Figure 5:
a. Shows the accumulation of reserve carbohydrates during cold shock.
i. Average of three experiments
b. Showed no increase in response to cold during first two hours, but an increase in glycogen and trehalose after 12 hours of cold.

9. Figure 6:

a. Transcriptional profile of 634 cold-responsive genes were clustered 

b. They found that there was significant overlap between the LCR and ESR genes, indicating that the environmental stress response is activated in the LCR

