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Abstract

Normal yeast cell line and yeast with chaperone hsp104 knockout were compared in microarray experiment analysis. It was expected that knockout of hsp 104 gene should  increase proteosome activity. Results don’t show increased proteosome activity. We see disturbed cell process, decreased ribosome synthesis activity.
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Introduction to the experiment
The organisms live in the changing environment and sometimes they have to survive in the critical environment conditions, which are less or more optimal. Living organisms adapt to the stressful environment conditions by producing proteins, which stabilize the cell. Yeast cells developed two different stress respond strategies: it responds to oxidative, nutrient starvation, changed acidity in one response way and to the heat shock in another way. Yeast cell produce heat shock factor in overheating conditions, which are attached to the heat shock proteins promoter and it starts to be synthesized different heat shock proteins. Hsp104 belongs to the Hsp100 family of chaperone. Heat shock protein hsp104 was knockout, which is responsible for the thermotholerance in the yeast cells. At high temperature proteins are denaturated and unfolded proteins are not active any more in the chemical reactions. Unfolded proteins are degraded by the proteosome or refolded back to the functional structure (Picture 1). Proteins can be aggregated to the aggregates and lose their possibility to participate in reactions. Hsp104 prevents this aggregation and participates in dissagregation (Picture 2). We raised hypothesis if we knockout hsp104 gene, then the amount of unfolded proteins is going to increase in the cell. Unfolded proteins which can not be refolded are redirected to the proteolytic way, it means that the proteosome activity is going to increase. Increased proteosome activity will lead the cell to the death. In our experiment we compared two cell lines: one is normal or wild type yeast line, the other one is mutant with knockout hsp104 gene. We used data from three replicates (Table1). 
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PICTURE 1 . Coordinate regulation of expression and activity of chaperones and proteolytic

factors (from A.Mathew and R.Morimoto).
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FIGURE 2. Functions of the chaperones. Proteins in their native state (1) undergo unfolding

as a result of stress. This transient unfolded state (2), can be prevented from aggregating

by association with the Hsp70, Hsp60, Hsp90, and small HSP proteins (3). Once

aggregate formation occurs, the activity of the Hsp100 proteins may facilitate disaggregation

(4). The transient unfolded intermediate of the protein can also be refolded by the

actions of Hsp60, Hsp70, and their cochaperones, in the presence of ATP (5). The latter factors

mediate the folding of nascent polypeptides as well (6) (from A.Mathew and R.Morimoto).
2. Image analysis

In the beginning of the microarray analysis we have to process our images, which we got after the slides where scanned and exported to 16 bit TIFF format images. For analysis of the images we used GenePix Pro5.0 software. On the slide we assigned feature indicator for every spot (feature). The grid of these feature indicators is called block. Spots are scattered in rows and columns, but they don’t have coordinates. We performed addressing and assigned feature indicator for every spot by moving grid. In our experiment block was made from 21 rows and 21 columns. When every spot has got address, then it had to be performed segmentation – distinguish feature from background. For the feature intensity quantification program computes the mean, median and standard deviation. To estimate background intensity we subtracted it from the feature intensity. In background subtraction we used local method where for background subtraction use median value. The background is calculated using a circular region that is centered on the feature indicator. The region has a diameter that is three times the diameter of the corresponding feature indicator. All the pictures within this area are used to compute the background if the pixel resides on the neighboring feature indicator, the pixel is within the feature indicator of interest. 

By evaluating the quality of the data we picked up the spots that don’t have 70% of their feature pixels more than two standard deviations above background. Flags indicate that these spots are bad quality and they are excluded form further analysis. Signal to noise ratio is important to determine the confidence. The confidence increases when the variation in background signal decreases. All this data were summarized in the spot quantification matrix and expressed in Cy5 and Cy3 labeled samples ratio and transformed to the logarithm with base 2.

3. Normalization

The data from the spot quantification matrix are transformed to the gene expression matrix and data are visualized with TMEV3 software. This software is available at www.tigre.org webpage and the Institute for Genomic Research has developed it. We used TMEV3 software in clustering analysis also. It has 4 different normalization methods: Total Intensity, Linear regression, Ratio statistics and Iterative log. We used in experiment Total intensity normalization method. It is assumed that the starting mRNA is the same for both sample, and the second we assume that the genes are not biased  to significantly over represent genes to be differentially expressed between the samples. 

4. Statistical evaluation

Many early publications used arbitrary cut off of two-fold up or down regulation as significant, but it is not correct because the expression of some genes fluctuates more than others. And for such variable genes two fold changes may not represent significant differences. We evaluated the average of gene expression distribution. It was evaluated statistically significant difference with high significant p>0.01 value. We have in average 1 not differentially expressed gene, which is accepted as differentially expressed gene, from 100 differently expressed genes. 

4. Clustering
To cluster our data we used TMEV3 software algorithm unsupervised method the hierarchical clustering to evaluate the similar pattern of the genes between samples. After that I applied K mean clustering with 10, 7 and finally left with 5 clusters (Picture3) because the 10 clusters could be better represented by 5 clusters. In the last cluster are upregulated genes, in the thirst and second clusters week downregulated genes in the third very strongly downregulated genes, this cluster includes hsp104 genes, and its expression has changed 15 fold, which seems that data were clustered good. And the other cluster are downregulated genes. In this experiment 110 genes are significant differentially expressed, 9 of them are upregulated and 101 of them are downregulated. 

6. Results review

In our experiment we used gene ontology database for annotation of the genes. This database is a project which collects description of the different gene products, describes molecular functions, in which part of the cell the product can be found and in which biological process does it participates. We tried to review genes, which can be important for the verification of our hypothesis. Differentially expressed upregulated genes participate in different biological process (Table 2). 
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PICTURE 3. Centroid  graphs of 5 clusters. 

TABLE 1. Microarray slides of the experiment labeled with different labels
	Slide number
	Wild type
	Knockout hsp104
	Slide prepeared

	28
	Cy3
	Cy5
	Eija and Timo

	29
	Cy3
	Cy5
	Petri Nowar

	30
	Cy5
	Cy3
	Mark Tummers


TABLE 2. Upregulated genes participating in the yeast cell biological process
	GOID
	GO term
	Frequency
	Gene(s)

	6997
	Process: nuclear organization and biogenesis
	2 out of 9 genes, 22.2%
	NUM1 HOS1

	4
	Process: biological_process unknown
	2 out of 9 genes, 22.2%
	RCR1 YOR050C

	6810
	Process: transport
	2 out of 9 genes, 22.2%
	NUM1 HXT16

	6996
	Process: organelle organization and biogenesis
	1 out of 9 genes, 11.1%
	NUM1

	7049
	Process: cell cycle
	1 out of 9 genes, 11.1%
	MCM22

	6950
	Process: response to stress
	1 out of 9 genes, 11.1%
	TIR1

	7010
	Process: cytoskeleton organization and biogenesis
	1 out of 9 genes, 11.1%
	NUM1

	6259
	Process: DNA metabolism
	1 out of 9 genes, 11.1%
	HOS1

	6350
	Process: transcription
	1 out of 9 genes, 11.1%
	HOS1

	6464
	Process: protein modification
	1 out of 9 genes, 11.1%
	HOS1


TABLE 3. Downregulated genes participating in the yeast cell biological process
	GOID
	GO term
	Frequency
	Gene(s)

	6810
	Process: transport
	12 out of 100 genes, 12%
	ATG9 RGP1 YGR046W POR2 VPS55 VPS63 SEC72 CHS5 FET3 YMR166C YOL163W TRS33

	16070
	Process: RNA metabolism
	11 out of 100 genes, 11%
	NOP14 UTP4 UTP5 SPB4 MTR3 IPI1 FAF1 LSM1 FIP1 UTP15 SUV3

	42254
	Process: ribosome biogenesis and assembly
	10 out of 100 genes, 10%
	NOP14 UTP4 UTP5 SPB4 MTR3 IPI1 FAF1 LSM1 UTP15 RPL5

	6412
	Process: protein biosynthesis
	9 out of 100 genes, 9%
	MRPL35 MRP4 RPS20 PPE1 ANB1 HBS1 MRPL22 IFM1 RPL5

	6259
	Process: DNA metabolism
	8 out of 100 genes, 8%
	SHG1 RXT3 EPL1 ORC6 DOA1 ORC3 RFA2 CDC21

	6464
	Process: protein modification
	6 out of 100 genes, 6%
	SHG1 PPH3 EPL1 PPE1 SPC3 NAT4

	7049
	Process: cell cycle
	6 out of 100 genes, 6%
	RPN4 DON1 ORC6 ORC3 RFA2 CDC21

	6997
	Process: nuclear organization and biogenesis
	5 out of 100 genes, 5%
	SHG1 RXT3 EPL1 ORC6 ORC3

	6350
	Process: transcription
	5 out of 100 genes, 5%
	RXT3 EPL1 CAF16 ORC6 ORC3

	6950
	Process: response to stress
	4 out of 100 genes, 4%
	NTH2 DOA1 HSP104 RFA2

	6996
	Process: organelle organization and biogenesis
	3 out of 100 genes, 3%
	VAC17 VPS55 BUD20

	30435
	Process: sporulation
	3 out of 100 genes, 3%
	DON1 ISC10 CHS5

	6091
	Process: energy pathways
	3 out of 100 genes, 3%
	NTH2 PET100 MRPL22

	16192
	Process: vesicle-mediated transport
	3 out of 100 genes, 3%
	VPS55 CHS5 TRS33

	30163
	Process: protein catabolism
	3 out of 100 genes, 3%
	RPN4 DOA1 RPT5

	45333
	Process: cellular respiration
	2 out of 100 genes, 2%
	PET100 MRPL22

	5975
	Process: carbohydrate metabolism
	2 out of 100 genes, 2%
	NTH2 CHS5

	7124
	Process: pseudohyphal growth
	1 out of 100 genes, 1%
	DFG10

	7126
	Process: meiosis
	1 out of 100 genes, 1%
	DON1

	910
	Process: cytokinesis
	1 out of 100 genes, 1%
	BUD20

	7010
	Process: cytoskeleton organization and biogenesis
	1 out of 100 genes, 1%
	BUD20

	6766
	Process: vitamin metabolism
	1 out of 100 genes, 1%
	BIO4

	746
	Process: conjugation
	1 out of 100 genes, 1%
	CHS5

	9653
	Process: morphogenesis
	1 out of 100 genes, 1%
	BUD20


Chromosomal regions that are actively transcribed often contain hyperacetylated histones, whereas silent heterochromatic regions are hypoacetylated (9). HDA1 also shares similarity to three new open reading frames in yeast, designated HOS1, HOS2, and HOS3. Hda1 and rpd3 deletions increase acetylation levels in vivo at all sites examined in both core histones H3 and H4. Surprisingly, both hda1 and rpd3 deletions increase repression at telomeric loci (23). A Deletion of hos1 result in increased histone acetylation at rDNA repeats and it was found a correlation between life-span and chromatin-dependent transcriptional silencing at the rDNA locus in yeast (10). We have increased hos1 histone deacetylase amount – 1.5 fold change in our experiment, which means that we can expect decreased acetylation in rDNA repeats and in this way hypoacetilation can disturb ribosome biosynthesis.

 TIR1 results indicate that TIR1/SRPl is transcribed only in hypoxic culture and its transcription is regulated by ROXI. Tirlp/Srplp is a structural cell wall protein covalently bound to the cell wall. TIR1/SRPl has previously been identified as a gene induced by glucose (18), cold shock (15) or anaerobiosis (3). The yeast cell wall contains many species of cell wall proteins and others may compensate the absence of this protein. Dramatic change in cell wall protein composition with changes in environmental oxygen level reflects some important physiological requirement in yeast cells (14). The presence of this transcript (1.8 fold change) indicates that the cell expression of this transcript was induced by some factors mentioned above, probably anaerobiosis.

In the mutant cells a lot of genes expression decreased (Table 3). Ribosome is essential organelle for the cell in the protein biosynthesis. During the gene hsp104 knockout the biosynthesis of proteins, formation and assembly of different ribosome units was disturbed. In the experiment we can see that a lot of genes, which are responsible for the ribosome biogenesis and assembly (NOP14, UTP4, SPB4 and so on) have decreased their production of mRNA. Null deletion of these ribosome structural units genes shows severe defect to the cell and mostly of them are inviable. This disturbed normal functioning of the ribosome should influence cell survival not only at the local level of the cell, but in the all cell protein biosynthesis process. Decreased amount of differentially expressed genes in protein biosynthesis is related with ribosomal structural proteins either.

The important biological process is DNA metabolism, which is very important for further cell functioning and division. Decreased transcripts were transcripts responsible for activation or silencing of gene transcription. EPL1 is a component of NuA4, which is in essential histone H4/H2A acetyltransferase complex (8). NuA4 complex participates in epigenetic control of transcription through chromatin modification. Epl1 gene product is essential for growth in yeast (8) Decreased amount of transcript 1.5 fold should decrease acetyliation and modified chromatin decrease transcription of proteins, could disturb the growth process.

SHG1 is subunit of the complex, which methylates histone H3. Methylation of the Lys4 of histone H3 is implicated in the establishment and maintenance of telomeric gene silencing (16). Deletion of the set1c subunit of the complex reduce telomere length (22). Set1 is required for full silencing of expression of a gene located near chromosome telomeres or in the rDNA repeat. Allis and colleagues have recently demonstrated that [methyl-Lys4] histone H3 is present at the rDNA locus and that methylation  is required for silencing of RNA polymerase II transcription of a gene situated within the rDNA (1). The 1.8 fold change in our experiment. This decrease could activate RNA polymerase II and of course transcription. It seems that the results are controversially, where we see in other cases trend to the decreasing activity of transcription or translation. 

ORC3 and ORC6 are subunit of the origin recognition complex, which directs DNA replication by binding to replication origins and is also involved in transcriptional silencing (5). Deletion of them are inviable.

NTH2p is a putative trehalase encoded by the NTH2 gene (homolog of the NTH1 gene) and regulated by nutrients and temperature. The neutral trehalase NTH1 is responsible for intracellular hydrolysis of trehalose (19) but the putative Nth2p has no detectable trehalase activity (20). Trehalose is a disaccharide that changes the solvent properties of the fluid phase and reduces the denaturation of proteins at high temperatures (13, 30). Trehalose plays an important role in thermotolerance, it does not substitute for Hsp104. Hsp104-deficient cells are fully capable of synthesizing trehalose, yet have 100- to 1000-fold less thermotolerance than wild-type cells (21, 28) Whether the stress function of the trehalase genes is linked to trehalose is not clear, and possible mechanisms of stress protective function of the trehalases are discussed (19) We can guess that trehalose could substitute the hsp104 proteins and increased amount of the trehalose should be related with the deletion of hsp104, but in our experiment we detected 2 fold changes in this expressed genes, however it is still unclear how NTH2 product is related with trehalose.

1.3 fold expression change was registered for the Mcx1p. It was reported the identification of a third Clp protein in yeast, which was termed MSX1p. Mcx1p was localized in the matrix space of mitochondria (26). When expressed in the cytosol, Hsp78 can substitute for the homologous heat shock protein Hsp104 in mediating cellular thermotolerance, suggesting a conserved mode of action of the two proteins (25) It was found new Clp protein Mcx1p mitochondrial chaperone with non-proteolytic function (22). In E. coli analogical protein ClpX exerts molecular chaperone activity and is thought to promote conformational alterations in associated substrate proteins thereby facilitating their degradation by ClpP (26). Mcx1p is only slightly overexpressed (2- to 3-fold) upon heat shock of the cells at 42°C for 1 h while expression of Hsp78 in the same conditions is induced over 35-fold (17). These results indicate that the mutant cell isn’t in the heat shock conditions. We haven’t found increased hsp74 expression either.

PET100 encodes a mitochondrial inner membrane protein that is required for assembly of cytochrome c oxidase (7). Pet100p functions is to incorporate a subcomplex of three cytochrome c oxidase subunits into the holoenzyme (1). The pet100 null mutant displays a respiratory growth defect and lacks cytochrome c oxidase activity although all of the cytochrome c oxidase subunits are synthesized. Null mutation can be respiration defective (2). We had 1.6 fold change in expression.

In protein catabolism are important 2 differentially expressed genes, which participate in ubiquitin dependent protein catabolism. DOA1 - protein required for ubiquitin-mediated protein degradation. Its amount in experiment decreased remarkably – 1.9 fold change. After 60 generation the cell viability is severely decreased. It plays a role in controlling cellular ubiquitin concentration (11). In the experiment it changed 0,5 fold changes.

RPT5 is 26S protease regulatory subunit in yeast, where 32 proteasome subunits have been identified (6). RPT5 is subunit of PA700, which is a member of ATPasase. The number of different ATPases in PA700 is suprising high. They may provide alternative binding sites that favor binding (unfolding) of particular protein or translocate substrate from binding site in PA700 to the proteosome interior (12). Rpt5 transcript amount during the experiment decreased remarkably – 1.6 fold. Deletion of this gene shows that is has severe effect to the cell (12a). The decreased amount of course has to have not the best consequences for the yeast cell.

RPN4 transcript is downregulated and after hsp104 gene knockout its amount has decreased. This protein is transcription factor, which stimulates expression of proteasome genes. Recent work identified a specific sequence motif in the promoters of yeast proteasomal genes and demonstrated that rpn4 binds to this motif and functions as a transcriptional factor (1). Ubiquitylated substrates are degraded by the 26S proteasome, which consists of the 20S core proteasome and two 19S particles (27). Rpn4 is degraded by the 26S proteasome, where  ubiquitylation plays at most a minor role in the proteasome-dependent degradation of Rnp4. It was detected that Rpn4 protein is short lived protein, where in vivo half life time is 2 min. In this way it was shown that Rpn4 levels are in turn regulated by the 26S proteasome in a negative feedback control mechanism (29). The decreased amount of Rpn4 in the mutant couldn’t  activate the proteosome, the fold change was 1.3, and  second thing if this amount is increasing than we can expect negative feedback from the proteosome. This decrease could be only short-term increase where the protein wouldn’t have substantial effect to the cell proteolytic process.

We have registered decrease in several gene transcripts which product is responsible for transport like RGP1, TRS33, CHS5, where the fold change more as 2. 

7. Conclusion

We made hypothesis that decreased amount of the chaperone hsp104, which disaggregate proteins, should increase for degradation responsible enzyme activity - proteosome activity. And the second hypothesis is that increased proteosome activity should lead to the death of the cell - necrosis. This experiment analysis tried to answer these questions. We see that the yeast cell biological process doesn’t show positive physiological effect to the cell. The hsp104 gene knockout had strong effect on the biosynthesis of ribosome, where we have seen that decreased synthesis of different ribosome structural units and rRNA proteins. Genes knockout of these ribosome elements are usually for the cell inviable. It seems that knockout had effect on the posttranscriptional regulation: acethylation, methylation. It seems that transcripts related with proteosome activity doesn’t show increased proteosome activity or initiation to the increasing proteosome activity. 

Previous results with deletion of hsp104 show that this gene is medium important for the cell survival at normal condition (4) and has severe effect during heat shock condition (24). As you saw from the picture 2 hsp104 performs minor role in functioning chaperone system, but more important role plays hsp70, hsp60 which inhibits proteins aggregation and refold them. This gene knockout could give more interesting results when we are considering other chaperones activity.
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