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SUMMARY 

Being one of the mosl important pathogenic bacteria. Staphylococcus aureus became a topic of several 
studies mainly addressing its pathophysiology and vimlence. Understanding of the regulatory mechanisms 
controlling stress gene expression of S. aureus in response to environmental stress is very essential in studying 
its fitness and vimlence. In this work, the changes in prolein expression profiles of S. aureus after heat 
exposure were studied in order to provide detailed insights into ihe response of S aureus to various kinds of 
environmental stress under in vitro conditions The high resolution 2-D protein gel electrophoresis technique 
combined with MALDl-TOF-MS was used to investigate the cellular response of 5 aureus to heat stress The 
proleome analysis revealed the induction of main cellular chaperone machineries GroE and DnaK, the ATP-
dependent proteases ClpB, ClpP. S aureus cells showed that the heal shock repressor protein ClsR was highly 
up-regulated after beat exposure. Other proteins involved in protein folding, refolding, and degradation, as well 
as DNA repair systems, and intermediary metabolism were also found to be up-regulated. In summary, the 
protein response signatures for stress can provide some ideas on the environmental signals that specifically 
influence the survival of S. aureus within and outside the host. 
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INTRODUCTION 

The adaptation to stress or starvation is crucial 
for survival in nature. As a result of this 
longstanding interaction of bacteria with a 
continuously changing set of environmental stimuli, 
a very complex adaplational network has evolved. 
Analysing this network forms the basis for 
understanding the cell physiology in natural 
ecosystem (Hecker et al, 2003). The stress genes are 
more or less silent in growing cells, but are strongly 
activated by environmental stimuli. To define the 
genes induced by a single stimulus, to identity the 
corresponding proteins and lo understand their 
adaptive function are the most important steps in 
exploring adaplational networks. 

In S. aureus, a comprehensive exploration of the 
adaplational network will not only provide basic 
knowledge on 5. aureus physiology, but will also 
give many clues on the ftinction of still unknown 
proteins indicated by the induction profile of genes 
by environmental stimuli. Rely on the fact that 
environmental stimuli such as heat, oxidative or 
anaerobic stress might be essential cellular signals in 
the host environment controlling the expression of 
virulence genes, proteomics has been used as an 

excellent experimental tool to visualize changes in 
the protein synthesis pattern of living cells and 
define the structure and function of genes in 
response to different stresses (Fuchs el al, 2007; 
Wolf et al, 2008; Hochgrafer el al, 2008). 
Proteomics, based on the highly sensitive two 
dimensional gel electrophoresis (2-DE) which is a 
well established technique to obtain the global view 
of the synthesis and distribution of the proteins in the 
cell will confirm our findings at the transcriptional 
level. It was to be complemented with protein 
identification, relying on tryptic peptide mass 
mapping via matrix assisted laser desorption 
ionization time of flight mass spectrometry 
(MALDI-TOF-MS) (Hecker el al. 2003). 

Heat stress response is a rapid response of 
bacteria to temperature up-shift. It Is presumed that 
damaged proteins, such as unfolded and denatured 
proteins are detected by cellular systems that induce 
a large set of so called heat shock proteins (HSP). 
(Boorstein et al, 1994; Gupta, 1995). Many of the 
HSPs are molecular chaperones (e.g., GroEL, 
GroES. DnaK, DnaJ) and ATP-dependent proteases 
(e.g.,ClpP, ClpC) (Sherman , Goldberg, 1992, 1996, 
Kandror el al, 1996) which play a critical role in the 
refolding of denatured proteins and in protein 
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degradation under normal and stress conditions. 

Reports studying heal shock proteins in the 
Gram-posilive bacterium Bacillus subtilis and in the 
gram negative bacterium Escherischia coli indicated 
that heat shock proteins are also important for the 
protection against other environmental stresses such 
as high salt concentration or heavy metal stress 
(VanBogelen , Neidhardt. 1987; Inbar . Ron. 1993; 
Hecker. Velker, 1998). 

The ubiquitous nature of S. aureus derives 
mostly from its ability to survive in a greal variety of 
environmental extremes, such as nutrient starvation, 
a wide range of pH and growth temperatures or 
restriction of metal ions. An increasing amount of 
data indicates that the capacity to survive stress 
conditions is highly correlated with virulence in S. 
aureus (Clements, Foster, 1999). 

In this paper, changes in the synthesis of 
cytoplasmic proteins before and at different times 
after shifting the cells to high temperature condition 
was studied. To observe the synthesis rale of each 
prolein, two-dimensional polyacrylamide gel 
electrophoresis (2-D PAGE) (Eymann el al, 1996) 
of radioactively labelled protein extracts was 
performed, following with protein identification by 
means of MALDI-TOF-MS. 

MATERIALS AND METHODS 

Bacterial strains and growth condition 

S. aureus COL (Shafer, landolo, 1979) was 
grown aerobically with shaking at 120 rpm and 37°C 
in synthetic medium (Gerzt el al, 1999) in 500-ml 
Erlenmeyer flasks under vigorous agitation al 37'*C 
to an optical density al 500 nm (ODjoo) of 0.5. 

Condition of heat stress was then achieved by 
shifting cell culture at OD500 of 0.5 to 48°C. 

L-[35S] methionine-labeling and preparation of 
cytoplasmic protein fractions 

To label newly synthesized proteins, the pulse 
labeling experiment was carried out as previously 
described.(Wolfero/., 2008). 

IPG strips (pH 4-7, GE Healthcare, 
Sweden). 2-D PAGE was performed as described 
previously (BOttner et al, 2001). 

Gels containing radioactively labeled proteins 
were stained with stiver nitrate and scanned wilh a 
light scanner with integrated transparency unit 
(Quatographic, Braunschweig, Germany). All 
protein gels containing nonradioactively labeled 
proteins were stained with colloidal CBB G-250 and 
scanned with the light scanner. 

Data analysis 

For each sampling time point in the experiments 
gel images generated from at least two independenl 
cell cultures were analyzed with the Delta2D 
software (Decodon, Greifswald, Gennany). All 
autoradiograms in a stress experiment were overlaid 
and fused to one single image using the union image 
fusion algorithm of Delta2D (Luhn et al, 2003). 

Protein identification 

For protein identification by MS, preparative 2-
D protein gels were used. Protein spots that could 
not be definitely assigned to a spot on the S. aureus 
reference 2-D map (Kohler et al, 2006) were 
identified by MALDI-TOF-MS. 

RESULT 

2-D PAGE and gel imaging 

Protein extracts (IOO mg of radioactively labeled 
proteins, 250 mg of fluorescence-labeled proteins, 
and 250 mg of unlabeled proteins for Coomassie 
staining) were loaded onto commercially available 

Heat stress response 

In order to select an optimal temperature for the 
heat shock experiments, Ihe growth rates of 5. 
aureus COL grown at different temperatures in 
synthetic medium were examined. 

When shifting the cells fit>m 3 7 ^ to 48°C the 
growth rate of the cells was drastically decreased. At 
50''C and 52°C the cells seemed to stop growing 
after the temperature upshift. Therefore, we chose 
48°C as the appropriate temperature for heat stress 
experiments. 

Protein synthesis profiles in response to beat 
stress 

In the present approach, quantification of the 
synthesis of cytoplasmic proteins before and al 
different times after shifting the cells to high 
temperature condition was performed. To study 
changes in the synthesis rate of each protein, two-
dimensional polyacrylamide gel electrophoresis (2-D 
PAGE) of radioactively labelled protein extracts was 
used (Eymann e/a/., 1996). 
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Figure 1. Tne dual-cnannel image of the protein synthesis pattern of S aureus COL before (green image) and 10 mm after the 
exposure to 48'C (red image). Cytoplasmic proteins were labelled wilh L-^ SJmethionine and separated by 2D-PAGE as 
descnbed in Section 2 Image analysis of the autoradiograms was perfomied using the Decodon Delta 2D software Proteins 
thai were synthesized at increased/decreased levels in response to heat stress were identified and listed in table 1 and table 2, 

The 2D gels were silver stained, dried, and 
exposed to Phosphor Imager screens. The resulting 
autoradiograms represent the synthesized proteins at 
the respective time points Proteins synthesised cinly 
upon heat treatment appeared in red, whereas green 
labelled spots represent proteins the synthesis of 
which was switched off under these conditions. 
Interesting protein spots were identified by MALDI-

TOF/MS and MASCOT. 
Proteins whose synthesis was significantly 

induced m al least 3 experiments were shown in 
table 1 and proteins whose synthesis was repressed 
by heal stress were shown in table 2 As a result, the 
synthesis rate of at least 29 protein spots was 
induced, whereas at the same lime the synthesis rate 
of at least 116 protein spots seemed to be repressed-
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Figure 2. The dual-channel image ot Ihe protein synthesis paHem of 5. aureus COL before (green image) and 6 
Ihe exposure to 46°C (red image). 

Proteome analysis data show that the major 
chaperones regulated by HrcA-ClRCE element were 
highly induced af̂ er heat stress. 

This important group of heat-shock-induced 
proteins includes the chaperones DnaK, GroES, and 
GroEL which are controlled by the HrcA repression 
system in B. subtilis and dually regulated by ClsR 
and HrcA in S. aureus (Zuber, Schumann, 1994; 

Hecker , Volker, 1998; Chastanet et al, 2003). 

Quantitation of relative synthesis rates at the 
next time points demonstrated that the synthesis 
of these proteins continued to be induced 10 
minutes and 30 minutes after stress. Later on, the 
induction rate slowed down, manifested in the 
synthesis profile of proteins after 60 minutes heat 
treatment. 
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Table 1. Proteins whose synthesis was induced under heal stress conditions. 

ID 

Symbol 

Amino acid biosynthesis 

SACOL2105 GlyA 

SACOL0430 SACOL0430 

SACOL0431 SACOL0431 

Amino acid blosynlhesis, Glycine, serine threonine 

Amino acid biosynthesis: Aspartate family 

Amino acid biosynthesis. Aspartate family 

33,47 56,96 46 26 56,26 

4.39 7,25 12,83 15,58 

29 79 34,53 18,98 16.69 

Cellalar processes 

SACOL0567 CtsR 

SACOL2131 SACOL2131 

SACOl-21312 SACOL2131 

Cellular processes, Adaptations lo atypical conditions 

Cellular processes: Dps family protein 

Cellular processes: Dps family protein 

14 31 15 96 20,57 16,59 

7 70 7 64 8,75 4,90 

19.58 17 97 14 62 10,68 

DNA metabolism 

SACOL0006 GyrA DNA metabolism 

Hypottiettcal protein 

SACOL237g SACOL2379 

SACOL1204 YImH 

SACOL0455 SACOL0455 

SACOL0776 SACOL0776 

SACOL1992 SACOL1992 

Hypothetical protein 

Hypothetical protein 

Hypothetical proteins 

Hypothetical proteins 

Hypothetical proteins 

7.16 15.19 1.23 0.67 
90.54 128.50 97.64 104.60 
6 52 7 74 6.31 3.14 

32 60 22,15 18.82 9 01 
3 41 5,91 316 11.30 

Protein fyte 

SACOL0979 ClpB 

SACOL0833 ClpP 

SACOL0570 CIpC/orMetE 

SACOL1637 DnaK 

SACOL2016 GroEL 

SACOL1638 GrpE 

SACOL2054 RpoF 

SACOL1636 DnaJ 

Degradation of proteins, peptides, and glycopeptides 

Degradation of proteins, peptides, and glycopeptides 

Degradation of pnateins, peptides, and glycopeptides 

Protein fate, Protein folding and stabilization 

Pnstein fate Protein folding and stabilization 

Protein fate, Protein folding and stabilization 

Protein fate 

Protein fate 

3 60 

2 85 

12 33 

1,85 

4 67 

2 39 

14.73 

4.33 

0.76 

5 83 

2,92 

12,55 

1 69 

22,98 

2,96 

21 59 

3.91 

0.69 

5.21 

2.62 

13.15 

1.18 

13 71 

7.12 

22,01 

318 

0,76 

8.40 

3.17 

12.25 

8.63 

0.22 

9.19 

13 58 

2,83 

0 25 

Protein synltiesis 

SACOL0536 KsgA Pnatein synthesis, tRNA and rRNA base modification 

Purines, pyrimidines 

SACOL0018 PurA Purines, pyrimidines, nucleosides, and nucleotides 3 62 25.15 27,81 

Transport and binding proteins 

SACOL2148 PtsMA ABC transporter 

SACOL2335 SACOL2335 ABC transporter, ATP-binding protein 

SACOL1952 SACOL1952 Cations and iron carrying compounds, fem'tins family 

SACOL2708 SACOL2708 ABC transporter. ATP-binding protein, putative 

Unknown function 

SACOL2597 SACOL2597 hydrolase, alpha/beta hydrolase fold family putative 

SACOL2722 SACOL2722 N-acetyliransferase family protein putative 

Biosynthesis of cofactors 

SACOL1817 RibH Biosynthesis of cofactors, prosthetic groups 

1 88 2 70 87 34 237.75 

3 58 2 92 0 98 0.17 

13.43 10 73 8.97 4.98 

3.72 1 66 0,29 1-13 

3.17 0 72 0,06 0,04 

1.57 2.75 0,18 0.46 

2.39 1.63 3.28 1.50 
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Table 2. Proteins whose synthesis was repressed under heal stress conditions 

ID Symbol 

Amino acid blosynttrasls 

SACOL1787 

SACOL1431 

SACOL1435 

SACOL1364 

SACOL1363 

SACOL1329 

SACOL1773 

SACOL2050 

SACOL2043 

SACOL2045 

SACOL0600 

SACOI-2047 

SACOL1787 

DapB 

LysA 

ThrB 

ThrC 

FemC 

SerA 

llvA2 

l lvB 

tlvC 

lIvE 

LeuB 

Funct ion 

Aromatic amino acid family 

Aspartate family 

Aspartate family 

Aspartate family 

Aspartate family 

Giu lam ale family 

Serine family 

Valine, leucine and isoleucine family 

Valine, leucine and Isoleucine family 

Valine, leucine and Isoleucine family 

Valine, leucine and isoleucine family 

Valine, leucine and Isoleucine family 

Biosynthesis of cofactors, prosthetic groups, and carriers 

SACOL0918 

SACOL0915 

SACOL0914 

SACQL0916 

SACOL1735 

SACOL2615 

SACOL0626 

Cell envelope 

SACOL2092 

SAC0L1411 

SACOL0142 

SufB 

SufD 

SufC 

SACOL0916 

CoaE 

PanB 

ThlD1 

MmurAA 

SACOL1411 

CapSG 

FeS assembly prolein 

FeS assembly protein 

Biosynthesis of cofaclors, prosthetic groups 

Biosynthesis of cofaclors, prosthetic groups 

Pantothenate and coenzyme A 

Biosynthesis of cofactors, prosthetic groups. 

Biosynthesis of cofactors, prosthetic groups. 

Biosynthesis and degradation of murein 
sacculus and peptidoglycan 

Biosynthesis and degradation of murein 
sacculus and peptidoglycan 

Biosynthesis and degradation of surface poly 
saccharides&llpopolysacchandes 

5 

0.19 

0.14 

0,09 

0.26 

0,39 

0,33 

0,30 

1.30 

0.32 

0.47 

0.10 

0.19 

0.35 

0.39 

0.28 

0.25 

0.07 

0.14 

0.29 

0.13 

0 49 

0,14 

Ratio 

10 

0,16 

0,15 

0,03 

0.14 

0.18 

0.27 

0.09 

0,41 

0.29 

0,18 

0,05 

0,17 

0.17 

0.17 

0.26 

0.20 

0.04 

0.20 

0.18 

0 1 2 

0 20 

0.14 

(min) 

30 

0,11 

0 17 

0.13 

0.14 

0.18 

0,21 

0.10 

0 89 

0.17 

0.20 

0.04 

0.12 

0.15 

0.20 

0.19 

0.19 

0.05 

0.21 

0.18 

0.16 

0.18 

0.21 

60 

0.09 

0.18 

0.07 

0.16 

0,24 

0,12 

0.17 

0.14 

018 

0.61 

0.03 

044 

019 

0.29 

0.75 

0.23 

0 09 

018 

0,13 

0.11 

0.16 

0.13 

Cellular processes 

SACOL1624 Era 

SACOL2173 SACOL2173 

SACOL1199 FtsZ 

SACOL1368 KatA 

SACOL0118 SodAI 

Adaptations to atypical conditions 

Adaptations to atypical conditions 

Cellular processes Cell division 

Cellular processes, DeloxificaUon 

Cellular processes. Detoxification 

0,40 0.21 014 0,27 

0.09 0 08 0.10 009 

0,28 0.22 0 22 017 

0.33 0.26 0.12 0.23 

0.12 0.07 0.13 010 

DNA metabolism 

SACOL2737 GidA 

SACOL0534 SACOL0534 

SACOL0438 Ssb2 

DNA replication, recombination, and repair 

DNA replication, recombination, and repair 

DNA replication, recombination, and repair 

0.26 0.19 0 21 

0,18 0,22 0,19 

0 25 0.18 0.25 

Energy metabolism 

SACOL1800 

SACOL1430 

SACOL0961 

Dat 

DapA 

GluD 

Energy metabolism, Amino acids and amines 

Energy metabolism, Amino acids and amines, 

Aspartate family 

Energy metabolism, Amino acids and amines. 

0.23 

0.20 

0.27 

0.10 

0,23 

0,10 
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SACOL1562 SACOL1562 

SACOL2095 

SACOL2096 

SACOL2098 

SACOL0944 

SACOL2618 

SACOL2535 

SACOL1321 

SACOL1514 

SACOL2117 

SACOL2415 

SACOL1746 

SACOL1123 

SACOL1745 

SACOL1554 

SACOL1549 

SACOL0617 

SACOL1385 

SACOL1308 

SACOL1159 

SACOL0975 

AtpD 

AtpG 

AtpH 

SACOL0944 

Ldh2 

SACOL2535 

GIpD 

GpsA 

FbaA 

Gpm 

PfltA 

Pyc 

Pyk 

Gnd 

Zwf 

SACOL0617 

AcnA 

SACOL1308 

SdhA 

SACOL0975 

Energy metabolism, Ammo acids and amines. 

Glycine, serine and threonine o,25 0 25 

Energy metabolism, Amino acids and amines. 

Valine, leucine and isoleucine o 06 0,10 

Energy metabolism, ATP-proton motive force 

interconversion Q 71 0 40 

ATP-proton motive force interconversion 0,39 0,44 

ATP-proton motive force interconversion 0,18 0,13 

Electron transport, respiration chain 0.10 0 08 

Energy metabolism, Femientalion, lactate 0 07 0.06 

Energy metabolism. Fermentation, lactate 0.27 0.23 

Energy metabolism. Glycerol metabolism 0 04 0.33 

Energy metabolism. Glycerol metabolism 1 60 1.64 

Glycolysis/gluconeogenesis o.15 0.19 

Glycolysis/gluconeogenests o,27 0 22 

Glycolysis/gluconeogenesis 0.11 0 07 

Glycolysis/gluconeogenesis 0 20 0.11 

Glycolysis/gluconeogenesis 0.07 0 08 

Pentose phosphate pathway 0.05 0.05 

Pentose phosphate pathway 0 12 015 

Energy metabolism. Sugars 0.11 0.09 

Enei^y metabolism, TCA cycle 0.10 0.12 

Energy metabolism, TCA cycle 0 26 0 14 

Energy metabolism, TCA cycle 0.16 0 27 

Energy melatmlism. Electron transport 0.59 0.36 

0.20 

0.26 

0,08 

0 05 

0.03 

0.20 

0,41 

0.73 

0 18 

0.23 

0 08 

0.11 

0.21 

0.04 

0.14 

0 21 

0.10 

0 16 

0.21 

0.23 

0.24 
0.12 
0,06 
0,04 
0.09 
0.12 
0,39 
0.09 
0.36 
0.46 
0,11 

0.05 

0.29 

0,14 

0.07 

0,11 

Fatty acid and phospholipid metabolism 

SACOL1245 

SACOL0987 

SACOL1016 

SACOL1243 

Protein fate 

SACOL1801 

SACOL0957 

SACOL1591 

Protein synthesis 

SACOL0663 

SACOL1685 

SACOL1206 

SACOL0562 

SACOL1149 

SACOL1282 

SACOL1778 

SACOL1676 

FabGI 

FabH 

Fabl 

PIsX 

SACOL1801 

SACOL0957 

SACOL1591 

ArgS 

AspS 

lleS 

LysS 

PheT 

ProS 

TyrS 

TrmU 

Fatty acid and phospholipid metabolism. 

Fatty acid and phospholipid metabolism 

Fatty acid and phospholipid metabolism 

Fatty acid and phospholipid metabolism 

Degradation of peptides 

Protein folding and stabilization 

Protein modification and repair 

Protein synthesis, tRNA aminoacylation 

Protein synthesis, IRNA aminoacylation 

Protein synthesis.tRNA aminoacylation 

Prolein synthesis. tRNA aminoacylation 

Protein synthesis, tRNA aminoacylation 

Protein synthesis, IRNA aminoacylation 

Protein synthesis, IRNA aminoacylation 

Protein synthesis, tRNA and rRNA base 
modification 

0.14 

0.24 

2.27 

0 28 

0.55 

0.10 

0.13 

0,11 

0.39 

0.17 

0 08 

0 1 4 

0.26 

0.14 

0,28 

0.12 

0.34 

0.40 

0.18 

0 23 

0.05 

0.10 

0 1 4 

0.28 

0.14 

0,11 

0,16 

0.16 

0.10 

0,23 

0.12 

0.12 

0.38 

0,14 

0 20 

0.10 

0.12 

0 20 

0.45 

0.29 

0,09 

0,15 

0 30 

0.06 

0,11 

0.22 

0.23 

0.35 

0,20 

0.42 

0.07 

0.17 

0.13 

1.74 

0.27 

0 22 

0.12 

0.56 

0.13 

0.13 

Purines, pyrimidines, nucleosides, 

SACOL0792 NrdE 

and nucleotides 

2'-Deoxynbonucleotide metabolism 0.40 

481 



Le Thi Nguyen Binh et al 

SACOL0793 NrdF 2'-Deoxyribonucleotide metabolism 
SAC0L1277 PyrH Nucleotide and nucleoside interconverslons 
SACOL0603 SACOL0603 Nucleotide and nucleoside interconverslons 
SACOL1221 Gmk Purine ribonucleotide biosynthesis 
SACOL0461 GuaA Purine ribonucleotide biosynthesis 

SACOL0460 GuaB Purine ribonucleotide biosynthesis 
SACOL0544 PrsA Purine ribonucleotide biosynthesis 

SACOL1969 PurB Purine ribonucleotide biosynthesis 
SACOL1075 PurC Purine ribonucleotide biosynthesis 
SACOL1074 PurK Purine ribonucleotide biosynthesis 

SACOL1077 PurQ Purine ribonucleotide biosynthesis 
SACOL1215 CarB Pyrimidine ribonucleotide biosynthesis 
SACOL2119 PyrG Pyrimidine ribonucleotide biosynthesis 

SACOL2104 Upp Salvage of nucleosides and nucleotides 
Other 

Mobile and extra chromosome I element 
SACOL1898 Cbfl functions. Plasmid functions 
SACOL2055 RsbW Regulatory functions, Protein interactions 
SACOL0731 SACOL0731 Regulatory functions, Protein interactions 
SACOL0825 HprK Signal transduction, PTS 

SACOL1427 SACOL1427 
SACOL2519 SACOL2519 

SACOL2535 SACOL2535 

SACOL0976 SACOL0976 
SACOL1560 SACOL1560 
SAC0L1677 S AC0L1677 

SACOL2000 SACOL2000 

ABC transporter 
Hypothetical proteins: Conserved 
Central intermediary metatwiism: Other 
D-isomer specific 2-hydroxyacid 
dehydrogenase family prolein, putative 
Hydrolase, haloacid dehalogenase-like family 
Amino acids and amines 
Aminotransferase, class V. putative 
aminotransferase,, putative 

0.11 

0.11 
0.36 
0,25 

0.18 
0.16 
0,27 

0.15 
0,14 
0 42 

0.24 
0.28 

0.20 
0.07 

0.45 

0,58 
0.33 

0.43 
0.47 
0.11 
0.14 

0.20 

0.10 
0.19 

0.31 

0,28 
0,23 

0,15 
0.30 

0.22 

0.10 
0.24 

0.20 
0.16 

0 18 
0.11 

0,30 
0 27 

0.31 
012 

0.08 
0.13 
0.10 

0.15 

0,17 

0,29 

0.75 
0.22 

0,49 

0 48 
0.24 

0.18 
0.05 

0.12 
0 28 

0.14 
0.14 

0.05 

0.21 
0.27 

0,16 
0,15 
0.05 

0.11 

0.11 
0.17 

0.20 

0.31 
2.74 

0.42 

0 72 
0.36 

0.16 
0.15 

0.13 
0.13 

0,36 
0..13 

0 23 
0.07 

0.14 
0.26 
0.10 

0,13 
0,05 
010 
0.06 

0.20 

0.03 0 04 0.09 005 

0.32 0 29 0 27 019 

0.23 0,19 0,14 0 08 

0.19 010 0,34 0,17 

Hypothetical protein 
20 Hypothetical protein 

Dual channel imaging of protein gels did not 
show any up-regulation in the synthesis of proteins 
whose expression requires the o^ stress sigma factor. 
This result was in good agreement with the data 
obtained by transcriptome analysis. Apparently, 
there was no sigB dependent stress response in S 
aureus cultivated in synthetic medium after heat 
stress. 

Table I shows the changes in the synthesis level 
of some Cip proteases encoded by CtsR-regulated 
genes: ATPase subunit ClpB and proteolytic subunit 
ClpP (Derre et al, 2000; Kruger el al, 1996; 
Msadek et al, 1998). Within the first 10 minutes 
exposure to heat stress, both ClpB and ClpP were 
highly induced. 
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Another candidate belonging to Clp-proteases 
group is the ATPase subunit ClpC that was suggested 
to be induced by heat stress in a CtsR dependent 
manner as well (Kruger el al, 1996). Unfortunately, 
on the gel. ClpC is located right under MetE so ClpC 
has not yet been surely identified since ClpC might be 
present at very low levels. 

The synthesis of many other proteins was 
observed to be up-regulated at a high rate instantly 
after shift fi-om 37°C to 48°C. 

As shown in Table 1 , the synthesis rate of some 
enzymes belonging to amino acid metabolism 
pathways such as serine hydroxymethyltransftrase 
GlyA, trans-sulfiiration enzyme family proteins 
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SACOL0430 and SACOL0431 as well as enzymes 
involved in the purine ribonucleotide biosynthesis 
pathwaysuch as adenylosuccinate synthetase PurA 
was induced in heat treated cells. 

DISCUSSION 

In B. subtilis , a model Gram positive bacteria, al 
least four classes of heat shock genes encoding 
cytoplasmic proteins have been identified (Hecker et 
al, 1996; Schumann. 2003). 

Unlike B. subtilis, little was known until recently 
about the regulation of stress response in 5. aureus. 
Analysis of the complete genome sequence (Kuroda 
etal, 2001) and several recent reports indicate the 
existence of the oB (Gertz el al, 2000) and HrcA 
(Kuroda et al, 2001) in S. aureus. Moreover, an 
orthologue of the CtsR class III stress regulator was 
defined as well as several potential target genes 
(Derre et al, 2000). In S. aureus, there seems to be a 
regulatory overlap between class 1 and class III 
genes, with dual heat shock regulation by CtsR and 
HrcA. 

In this study, effects of heat stress on S. aureus 
cells was analysed, using a gel-based proteomic 
approach which offers the opportunity to fmd 
proteins of 5. aureus whose synthesis was increased 
or decreased after stress such as heat stress. 

Two groups of interesting proteins have been 
identified: Those whose synthesis was induced after 
heat stress and those whose synthesis was repressed 
at certain time points after heat stress. In general, our 
resuh suggested that there is a high degree of 
similarity between the response of S. aureus and B. 
subtilis to heat stress. 

In this work, it was shown that in S. aureus, 
pnjteins belonging to class I heat shock protein were 
strongly induced after heat exposure. Proteome 
analysis data show that the synthesis of the 
chaperones DnaK, GroEL, GroES and GrpE was up 
regulated with an induction factor of at least three 
fold under stress condition. 

The exposure to heat stress condition leads to the 
accumulation of misfolded proteins, resulting in an 
increased demand for not only the chaperones but 
also for die proteases which are typically induced 
under heat shock conditions. For example, among 
the heal induced proteins are also proteins belonging 
to the Cip machinery: the proteolytic component 

ClpP and the chaperone ClpB. Clp-proteases belong 
to class III heat shock protem that regulated by CtsR 
repressor which were showed to be highly induced 
by heal stress in B. sublillis (Derre el al, 2000; 
Schumann, 2003), In our work, ClpP and ClpB were 
also found to be induced by the temperature up shift 
by proteomics analyses. 

The proteome analysis also revealed that the 
heat shock repressor protein CtsR was highly up
regulated after heat exposure. Frees and colleagues 
observed this same phenomenon and suggested that 
CtsR may need a cofactor for repressor ftinction 
(Frees et al 2004, Anderson el al. 2006), 

In the present study, under heat shock condition, 
no induction of proteins which are controlled by 
sigma B fiietor (Gerzt el al, 1999) could be detected. 
Sigma B was indicated to control a stress/ starvation 
regulon that comprises a very large set of general 
stress genes in B subtilis (Hecker et al, 1996). In B. 
subtilis, this o^ dependent genes are strongly induced 
by heat, ethanol, acid or saft stress, as well as by 
starvation for a carbon source, phosphate, and 
oxygen (Bernhardt el al, 1997, 1999; Hecker , 
Volker, 1998; Buttner et al, 2001). In our study, S. 
aureus cells were inoculated in synthetic medium, 
however the sigma B activity was increased by heat 
stress only when the cells were grown in a complex 
medium (Kullik et al, 1997; Gertz et al, 2000). In 
synthetic medium, sigma B was highly active but 
could not be further activated by heat stress (Gertz el 
al, 2000). 

We also observed number of proteins with high 
synthesis rate which are involved in the biosynthesis 
of purine/pyrimidine implicating that the cell needed 
more nucleoside precursor for DNA metabolism. 

Collectively, the overview of induction after 
heat stress obtained by transcriptomics and 
proteomies reveals that members of protein fate 
processes are the largest group which can be 
detected by 2D gel approach suggesting protein 
damage is a priority under heat stress. 
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PIUN TICH SV" BIEU HlfN PROTEIN CUA STAPHYLOCOCCUS AUREUS TRONG 
DIEU KIEN SOC NHIgT 

I i Thi Nguyen Binh '• ^ Susanne Engelmann', Nfing Van Hai^ Michael Hecker' 

Trudng Dgi hgc tdng hgp Greifswald, Due 
Vien Cong nghe sinh hgc. Hd Ngi Viet Nam 

TOM TAT 

Trang nhihig nam gan day. Staphylococcus aureus da va dang la mot trong nhimg d6i tiî mg nghien cihi 
trong tam ve benh hoc ciia vi khudn. Hieu biet ve ca chl diiu hoa sir bifiu hien protein ciing nhu gen ciia 5. 
aureus diroi c^c tac dgng cua dieu kien bit Ipi cung dong vai tro quan trgng trong viec tim hifiu dgc tinh cua vi 
khuan nay. Bai bao nay trinh bay ket qua nghien cuu vfi nhung thay dfli cua biSu hi|n protein cua.5. aureus 
duoi tac dgng ciia nhiet dp cao, qua do trinh bay mgt ci\ nhin chi tiet ve phdn ling ciia S. aureus o difiu kien in 
vitro doi vai tic dong ciia ngoai canh bat lai, O day, viec phan tich he prolein cua S. aureus duoi tac dung ciia 
soc nhiet da dugc thuc hifin bJng kp thuat di?n di hai chiiu kit hgp v6i phan tich bang may kh6i ph6 . Sir thay 
dot til nhift dg moi trudng song thong thuong Ien nhifit do cao dS gay ra a S. aureus mot loat nhihig thay ddi 
trong he protein ciia vi khuan nay, Cu the la cac protein ngi bao co chirc nang bao v^ nhur GroEL, DnaK va 
cac protease phu thuoc ATP nhu ClpB va ClpP da cam umg gia tang ro r^t. Them vao d6 sir bieu hifin cua 
prolein urc chS CtsR cung tang manh. Mgt difiu ddng ng^c nhien la cac protein chju su diiu khiin cua nhan t i 
Sigma B, thuong cam img rat manh sau soc nhifit a vi khuan Bacillus subtilis l̂ i khong h€ tang mirc bieu hi|n a 
S. aureus trong trudng hgp niy Ngoai ra, viec nh^n bifit cac protein m6i dupc long hgp diroi tac dong ciia cac 
diiu kien bat Ipi cung gdp phSn dfi hoan thanh ban do protein te bao chit cua S. aureus Tom lai, nhihig bieu 
hi8n dac trung ciia S. aureus d6i vdi cic iiu kien khong co lgi co thi tro dianh cong cu hihi hi^u trong vi^c 
nghien cmi cac trang thai sinh ly te bao cua vi khuan nay. 

Tir khoa: MALDI-TOF-MS, phdn tich, proteomic, soc nhiet. Staphylococcus aureus 




