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INTRODUCTION

SUMMARY

Staphylococcus aureus is a very important human pathogen. Studies on the mechanisms of the response of
§ awreus o environmental stresses have become one cenier of attention during the last few years because of
their resistance lo environmental stress. During infection, S. aurens is subjected (o various environmental
changes. Understanding of the regulatory ing stress gene jon of S. aureus in
response 1o eavironmental stress is very essential in studying ts fitness and virulence. In this work, the changes
in transcriptional profiles of §. amreus after heat exposure werc studicd in order to provide detailed nsights into
the response of S. aureus to environmental stress under i vitro conditions. A DNA array approach was used to
investigate the cellular response of S. anreus 10 heat stress, A switch from normal growth temperature to high
temperature condition revealed complex changes in the gene expression profile. [n particular, the ranscriptome
analysis revealed the induction of main cellular chaperone machinenes GroE and DnaK, the ATP-dependent
proteases ClpB, ClpP.In contrast to B subuilis. the groES/L and dnaK -operon are regulated by both hest shock
regulators, HreA and CisR. They act together synergistically to maintain low basal Jevels of expression of these
operons in the absence of stress. Surprisingly. the members of the o®-dependent response, strongly heat-
inducible in B. subsilis are not induced in heat-stressed cells of S. aureus grown in synthetic medium. Other
genes involved in protemn folding, refolding. and degradation, as well as DNA repair systems, and intermediary
metabolism were also found to be up-regulated. Heat stress treatment also resulted in a strong synthesis level of
genes belonging to the SOS response such as uvrA and urvB indicated the relevance of heat stress response and
SOS response. According to the microarrays analysis data, among the heat-induced transcripts there were
several i pli geues such as SACOL0318, ipti regulator of
the RunA family SACOL0364 as well as the small and large subunit of the terminase SACOL0366 and
SACOL0367. In summary, the signatures for stress stimuli can be used as diagnostic tools for the prediction of
the mode of action of new aatibiotics or for studying the physiological state of celfs grown.
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pathogenicity.
Staphylococcus aureus is onc of the major

environmental stress is very essential in studying its

causes of community acquired infections. Because of

The post genomic era of S. aureus began with
the publication of the genome sequence of two

ils adaptability and i [

stresses, S. aureus can survive extremely well

outside the host. Being one of the most important

ig:_tbogcnic bacteria and due to its widespread
gence of antibioti i S. aureus became

strains (Kuroda e al., 2001) and provided
the experimental basis for bringing the genome
sequence of S. aureus to life by an application of
experimental tools encompassed under the term
i | ics™. i 1 ics enables

2 topic of many studies mainly g s

ﬁphysiology and virulence. Bul there were only
studies focusing on the cellular physiology of
S, bureus. During nfection, S. aureus is subjected to

the o-f the cell Dphysiology and
infection biology of this bacterium.

Transcriptomic  approaches in responsc 1o
changes in the environment including mutants in

, relying on

vilous  environmental  changes.  Therefore, g
wderstanding  of the  regulatory hani central regulatory genes are the major tools for
lling stress gene expression and , of ional ics. Transcripto

cellular physiology of S. aureus in response to

DNA anay: that may cover the complete genome,
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provides information on the global gene expression
pattern of a cell.

The adaplation 1o stress or starvation js crucial

for survival in nalure. As a resull of this
longstanding  interaction of bacteria  with a
i ly changing set of envil | stimuli,

Y
a very complex adaptational network has evolved.
Analysing this network forms the basis for
understanding the cell physiology in natural
ccosystem (Hecker er al., 2003). The stress gencs arc
more or less silent in growing cells, but are strongly
activated by environmental stimuli.

In S. aureuns. a comprehensive exploration of the
adaptational network will not only provide basic
knowledge on S. aurcus physiology. but also give
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using PCR fragments as templates (Gertz et le.,
1999). The PCR fragments were generated by using
chromosomal DNA of S. aurens COL isolated with a
chromosomal DNA isolation kit (Promega, Madison,
wi), according w0 the manufacturer’s
recommendations, and the respective
oligonucleotides.

Northern blot analyses were carried out as
previously described (Wetzstein et al., 1992).

The digoxigenin-labeled RNA marker I (Roche,
Indianapolis, IN) was used 1o calculale sizes of the
transcripts. The hybridization signals were detected
using a  Lumi-Imager (Roche Diagnostics,
Mannheim, Germany) and analyzed using the
software package Lumi-Analyst (Roche Diagnostics,

many clues on the function of still proteins
indicated by the induction profile of genes by
environmental stimuli. Rely on the fact (hat
environmental stimuli such as heat, oxidative or
anaerobic siress might be essential cellular signals in
the host environment controlling the expression of
virulence genes.

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

MATERJIALS AND METHODS

Bacterial strains and growth condition

S. awens COL (Shafer, landolo, 1979) was
grown aerobically with shaking at 120 rpm and 37°C
in the synthetic medium (Gerzt er al., 1999). The
condition of heat stress was then achieved by
shifting cell culture at ODsqq 0f 0.5 t0 48°C.

RNA preparation

Total RNA from §. aureus was isolated using the
acid-phenol method (Fuchs e al., 2008) with some

Mannhcim, Germany).

DNA-microarray analyses

The isolated RNA for the DNA-microarray
experiments was further purified in order 1o
limi traces ol inating DNA. Briefly, the
RNA was incubated with 7 U RNase-free DNase
(Qiagen) for 10 minutes at room (emperature
llowed by two phenol-chloroform-i yl alcohol
and two chlorof yl alcohol steps
in order to remove the DNase. The integrity of the
RNA was checked with the Bioanalyzer (Agilent
Technologies, Palo Alto, CA) and the concentration
and purity were assessed using a NanoDrop ND-
1000 spectrophotometer (NanoDrop Technologies,
Inc.. Rockland, DE).

The design and evaluation of the customized
StaphChip oligoarray manufacrured by Agilent
Technologies (Palo Alto, CA) used in this study has
been described below (Charbonnier et al., 2005).
The StaphChip used in this study was based on the
whole genome sequences of S. aureus strains: COL,
MRSA252, MSSA476, Mu50, MW2, N3I15,
USA300. and 8325.

Hybridization and washing of slides was carried
out as described by Charbonnier et al. (2005). The
slides were scanned with an Agilent scanner. Spot
i ity values were d with the “Feature

modifications. The quality of RNA was lized by
gel electrophoresis and by analysis with a Bioanalyzer
(Agilent Technologics, Palo Alto, CA).

Northern Blot analysis
Digoxigenin-labeled RNA probes were prepared

E it £ty provided by Agilent (Palo Alto,
CA). Visualization and analyses of expression data
were done in GeneSpringGX 7.3.1 (Agilent) and
with the Cyber-T program for the analysis of paired
expression data (http://cybert.microarray.ics.uci.edu)
(Baldi, Long, 2001). The parameters for the

by i vitro transcription with T7 RNA poly by
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the Cyber-T analysis were. sliding window size was
101 and confidence value for the Bayesian variance
sumate was 12, Genes with o p-value p < 0.00]
associated with the Bayesian i-statistic and a mean
fold change of two in the four hybridization
loaicall

microarrays.

In order to guarantee high RNA quality for DNA
microarray, lotal RNA was checked for induction of
marker genes by Northern blot analysis first.

axperiments  were  considered  as b

significant expression changes.

Y

Hybridization and scanning parameters

Unless specified. equivalent smounts of cDNA
(or genomic DNA) labelled with Cyamine-3 or
Cyanine-5. were  diluted w250 pl - Agilent
hybrudization buffer. and hybridized at 60°C for 17
hours 1 a dedicated hybridizanon oven (Robbins
Seientific) For comparatine genome hybridization,
genomic DNA from each indwidual S aureus strain
was labelled with 33 and co-hybridized with
equialent amounts of CyS-labelled genomic DNA
pooled from N31S. MuS0. and COL (Charbonnier er
al.. 2008)

RESULTS

The effect of high
transcription of S. aureus

temperature  on  gene

In order to get a global view vn the influence of
high temperature on gene regulation, transcriptomic
studies were carried out by using full‘genomé DNA

- -
" r

§own in synthetic medium 10 an ODxs,

TN (N SIS

Additionally, to establish appropriate time points for
cell sampling for DNA array analyses, total RNA
was extracted from exponentially growing and heat
treated cells at different time points (3, 6, 9 and 12
minutes).

Transcription of groEL was analyzed as marker
for HrcA-dependently regulated genes, and cipB and
clpP as markers for CisR-regulated genes. Using a
groEL probe, a transcript was detected whose
transcripyon was increased after heat stress. As
shown in Fig 1, this major signal with a size of about
20 kb appeared only slightly to the control and was
strongly induced after stress and corresponds to the
bicistronic operon groEL-groES.

In the case of c/pB, a transcript of approximately
26 kb was detected which was absent in
exponentially growing cells and increased strongly
after different time of exposure 1o heat stress. The
ranscription of ¢lpP was also increased 3, 6, 9, and
12 minutes afler heat stress. In this experiment,
besides the transcript of about 0.6 kb corresponding
to ¢/pP, we also observed other transcripts of about
2.0 kb and 3.5 kb which were induced by heat stress
as well.

0.5 and shifted to heal stress conditons. RNA was isolated before (co)and 3.6, 9.

Figure 1. Northern blot analyses of gerés whose lranscription was induced by heal siress. For RNA preparaton. cells were

12minutes after shift to 48T
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According to (hese data, we chose 10 minute
shifl to 48°C as an appropriate time point for DNA
microarrays experiments.

« By comparing gene transcription under control
and stress conditions, we were able (o identify
differently expressed genes. For each gene the ratios
of the transcript levels were calculated. All gencs
showing an at least twofold induction or repression
of transcription in both experiments were considered
10 be differentially expressed under heal stress.

Accordingly. the transcription of 310 genes was
increased while the transcription of 266 genes was
decreased under heat shock conditions. The
expression profiles of up and down regulated genes
are shown in Table 1 and 2.

The wranscriptomics analyses have shown the
induction of many HrcA-CIRCE controlled genes.
The transcription of seven genes possibly regulated
by HrcA was strongly incrcased after heat stress:
dnaK-dnaJ- grpE- hrcA with an induction factor thal
varied from 15.11 fold to 20.67 fold and groEL -
groES with an induction ratio of 7.7 (o 8 fold.

Moreover, the transcription genes belonging to
the CisR regulon was also induced by high
temperature e.g.s clpB and clpP encoding proteins
involved in repair and degradation of damaged
proteins were strongly induced at the transcriptome
level (135 fold and 10 fold. respectively).
Transcriptome analysis also showed the induction of
the transcription factor CisR at a very high level of
61,6 fold after 10 minute heat exposure.

After heat exposure, we could not detect any
i of sigmaB-dep genes.  The
aliernative sigma factor ® has been found in some
pathogenic gram-positive bacteria, including S.
aureus (Wu et al., 1996; Kullik, Giachino, 1997). In
B. subtilis, sigma B-dependent genes have been
described to be strongly induced by heat and other
environmental stresses as well as starvation
condition (Hecker, Valker, 1998). In S. aureus, o”-
dependent induction of sigB by heat stress in
complex medium has been described previously
(Kullik, Giachiano, 1997), in this study, we looked
for sigB-dependent induction afier heat stress in Cells
grown in synthetic medium, Surprisingly, after heat
exposure, we could not detect any response of G°-
dependent proteins.
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transcriptome ~ analysis revealed _lhg
of alkyl hydroperoxide red subun!l
C (ahpC) and alkyl hydroperoxide reduc}ase, subunit
F (ahpF) at 3.1 and 3.16 fold. respectively. These
two gencs were defined as such luhal controlled
rieither by HrcA, nor by CisR and o (Derre et al.,
1999).

Among the genes induced by heat shock there
were some pulative virulence factors including five
pathogenicity island genes SACOL0893,
SACOL089S, SACOL0903, SACOL0904,
SACOL0905 with an induction rate that varied from
2.2 to 8.4 fold and members of the urease system
ureA-ureG which were upregulated 5.24, 4.58, 3.68,
3.48. 3.66 and 3.26 fold, respectively.

As shown in Table 1 the heat treatment also resulted
in the induction of enzymes involved in purine and
pyrimidine biosynthesis. Among them were pyrB,
pyrC. pyrE. and pyrF forming an operon as well as
the regulator pyrR with the induction factors of 5.6,
4.2, 3.4, 3.2 and 6.1 fold. respectively. The deoD!
gene a purine leoside phosphorylase
was also induced.

The

The transcniptome experiments also suggested
the induction of genes to the function of which in
heat resi was still . For le, Frp
gene encoding NAD(P)H-flavin-dependent
oxidoreductase (4.5 fold) the SACOLO0453 gene
encoding a NAD(P)H flavinoxidoreductase (2.96
fold) which could contribute o specific degradation
are induced by heat treatment. Furthermore, the array
data also showed that genes involved in the
metabolism of alternative carbon sources such as 6-
phospho-beta-glucosidase (bgld) (Zhang er al.,
1994), glycerate kinase (SACOL0805), and glycosy!
transferase (SACOL1498) were highly transcribed
under heat shock conditions.

Surprisingly, the transcription of genes localized
on prophage L54a was also up-regutated, for instant,
genes encoding a repressor protein (SACOL0321),
and an antirepressor protein (SACOL0325),
replicative  DNA  helicase (SACOL0343), N-6-
adenine-methyltransferase  (SACOL0346), deoxy-
uridine 5'-triphosphi leotido-hydrol
(SACOL0357), uanscriptional regulator of the RinA
family (SACOL0364) as well as the small and large
subunit of the terminase (SACOL0366 and ¢
SACOL0367) (Table 1).
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Table 1. Genes whose transcription was induced under heal siress conditions.

n COL Locus Function Average ratio
Amino acld biosynthesis
SACOL0502 SACOL0502 cysteina synihase 355
was SACOL1843 omithine—oxo-acid transaminase 3.10
opE SACOL0575 sensor histidine kinase Vra$ 6.70
oD SACOL0960 serine acatyliransferase 222
SACOL0503 SACOL0503 trans-sulfuration enzyme family protein 3.09
y of P! groups, and carriers
entB SACOL0172 Isochorismatase 283
SACOL1051 SACOL1051 isochorismale synthase family protein 253
SACOL 1640 SACOL1640 coproporphynnogen Ili oxidase 231
nbH SACOL1817 riboflavin synthase, beta subunit 3.00
008BC SACOL1223 phosphopantothenoylcysteine 278
-
Y

moah SACOL2261 molybdenum cofaclor blosynthesis protein A 238
butH SACOL0008 histidine ammonia-lyase 292
Cellular processes
hpC SACOL0452 alkyl hydroperoxide reductase, C subunit 3.16
ahpf SACOL04S1 alkyl hydroperoxide reductase, subunit F 310
SACOL1645 SACOL1645 comE operon protein 2 235
SACOL0813 SACOL0813 comf operon protein 1, putative 3o
betB SACOL2628 betaine aldehyde dehydrogenase 276
SACOL1644 SACOL 1644 competence prolein COmEC/Rec2, puletive 279
SACOL0814 SACOL0814 competence protein F 3.98
SACOL1004 SACOL1004 competence protein, putative a3
-8ACOL1003 SACOL1003 adaptor protein 274
kataA SACOL 1368 Catalase 288
obh SACOL1472 Cell wall associated fibronectin-binding protein 222
N SACOL1264 celt wall hydrolase : 7.10
S8ACOL1657 SACOL1657 enterotoxin type A, putative 386
A SACOL1057 V8 Protease 244
mE SACOL2738 tRNA modification GTPase 290
Facorz1a1 SACOL2131  Dps family protein 10.89
SACOL1781 SACOL1781 cell wall surface anchor family protein 273
Coll envelope
o8 SACOL2509 fibronectin binding protein B 14.18
SACOL1762 SACOL1762 thio! peroxidase, putative 252

0385 SACOL0985 surface protein, putative 3.66
reC SACOL1704 rod shape-determining protein MreG 289

14 SACOL0414 lipoprotein, putatve 237
439 SACOL2433  lipoprotein, putative 613
1220 SACOL1220 fibronectin/fibrinogen binding-related protein 329
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DNA metabollsm

gyiA SACOLO00E  DNA gyrase. A subunit 23
oyB SACOLODOS ~ DNA gyrase. B subunit 297
polA SACOL1737 DNA polymerase | 24
dneG SACOL1619 DNA primase 226
radA SACOL0572 DNA repair protein RadA 1275
SACOL1493 SACOL1493 DNA replication prolein DnaD. pulstive 4.68
vraR SACOL1942 DNA-binding response regulalor VraR 295
dinP SACOL1955 DNA-damage-Inducible protein P 274
recG SACOL1241 ATP-dependent DNA helicase RecG 218
nth SACOL1492 andonuclease Nl 435
uwrB SACOL0823 excinuclease ABC subunit B 364
uwrA SACOL0824 excinuclease ABC, A subunil 281
SACOL1954 SACOL1854 Exonuclease 6.27
SACOL0004 SACOL0004 racomblinabion protein F 3.00
SACOL1154 SACOL1154 recombination and DNA strand exchange inhjbitor protein 2,15
poB SACOL0S88 DNA-directed RNA polymarase beta subumt 222
Enargy matabollsm

ipdC SACOL0173 indole-3-pyruvale decarboxylase 299
SACOL0981 SACOL0981 isopropylmalale synihase-related protein 44 87
i SACOL 1549 gl 6 1-deh 248
gdA SACOL2737 glucose-inhibited division protein A 240
murl SACOL1161 glutamate racemase 475
gitx SACOL0S74 glutamyl-tRNA synihetase 943
SACOL0805 SACOL080S glycerate kinase family protein 2.30
SACOL 1498 SACOL 1498 glycosy! transferase, group 1 family protein 249
SACOL1207 SACOL1207 glyoxalase family protein 431
menD SACOL1052 2-succinyl-6-hydroxy-2.4-cyclohexadiene- 1-carboxylic acid  2.45

synthase

nbBA SACOL1818 34 2. 4 synlhase 225
bglA SACOL0251 6-phospho-beta-glucosidase 5.68
SACOL2278 . SACOL2278 acyl-CoA dehydrogenase-related protein 2.59
SACOLO111 SACOLO111 aceloin reductase 245
acuA SACOL1784 aceloin utihzation protein AcuA 258
SACOL2178 SACOL2178 alcohol dehydrogenase, zinc-containing 266
SACOL2177 SACOL2177 alcohol dehydrogenase. zinc-containing 3.06
cydA SACOL 1094 cytachrome d ubiquinol oxidase, subunit | 4.02
cydB SACOL1095 cytochrome d ubiquinol oxidase, subunit I 3.18 .
frp SACOL2534 NAD(P)H-flavin oxidoreduciase 428
SACOL0453 SACOL0453 NAD(P)H-flavin oxidoreductase, putative 296
SACOL0959 SACOL0959 NADH-dependent flavin oxidoreductase, Oye family 543
trxB SACOL0829 ihioredoxin-disulfide reductase 2.81
fdhD SACOL2273 formate dehydrogenase accessory protein 6.82
SACOL1952 SACOL1952 farritins family prolein 12.87
acs SACOL1783 acetyl-coenzyme A synlhetase 3.05
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FEscid and phospholipid metabolism

SacoL1814 SACOL1814 pulative 2.24
Pathogenicity Island protein

SACOL0B98 SACOL0898 pathogenicity island protein 218
SACOL0893 SACOL0893 Ppalhogenicity island protein 252
SACOLO0S03 SACOL0903 pathogenicity island protein 379
SACOL0904 SACOL0304 pathogenicity island pro‘ein 570
4C0L0905 SACOL0905  pathogenicity island protain 838
Proteln fate

QoES SACOL2017 chaperonin, 10 kDa 7.74
QREL SACOL2016 chaperonin, 60 kDa 8.06
dnad SACOL1638 dnaJ protein 18.91
draK. SACOL1637 dnaK protein 15.46
dpB SACOL0979 ATP-depandent Clp protease, ATP-binding 135.49
opE SACOL1638 heat shock protein GrpE 15.11
[ SACOL1639 heat-inducible transcription repressor HrcA 20.67
dpP SACOL0833 ATP-dependent Clp prolease, proteolytic sub 10.08
SACOL1419 SACOL1419 oligoendopeplidase F, putative 248
oef SACOL1100 peptide deformytase 209
SACOL 1555 SACOL 1555 peplidase, M20/M25/M40 famity 247
SecA SACOL0816 Translocase 2.41
Protein synthesis

SACOLO578 SACOL0578 RNA methyitransferase. TrmH family 460
oS SACOL0576 Cysleinyl-IRNA synihelase 770
Prophage L54a,

SACOLO325 SACOL0325 antirepressor. Putative 13.83
LY SACOL0357 idine 5" 8.07
n SACOL0318 Integrase 8.06
SACOL0346 SACOLO346 N-6-adenine-methyltransferase 22.81
SACOL0368 SACOLO0368 portal protein, HK97 family 251
SACOLO343 SACOL0343 rephicative DNA helicase. 23.75
SACOL0321 SACOL0321 repressor protein, Putative 14.10
ssb SACOL0339 single-siranded DNA binding protein 8.07
SACOLO387 SACOL0367 Terminaselarge subunit 3.95
SACOL0368 SACOL0366  Terminase, smail subunit. 672
SACOLO384 SACOL0364 transcriptional regulator, RinA family 11.90
Jurines, and id

s SACOL1212 aspantate carbamoyliransferase catalytic sub 5.67
e SACOL1213 Dihydroorotase 4,20
leaD1 SACOLO0121 purine nucleoside phosphorylase 4.26
TACOL0589 SACOL0569 putative ATP:guanido phosphotransferase 56.14
1ACOL1520 SACOL1520 pyridine nucleotide-disulfide oxidoreductase 2.52
mm SACOL0640 pyridine nuclectide-disulfide oxidoreductase 864
m SACOL1210  pynmidine regulatory protein PyrR 615
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pdp SACOL2128 21
carB SACOL1215 carbamayl-phosphate synthase large subunil 299
carA SACOL1214 carbamayl-phosphate synthase small subunil 356
pyrE SACOL1217 orotate phosphoribosyltransferase 343
pyrF SACOL1216 orolidine 5'-phosphate decarboxylase 32
thiD2 SACOL2085 phosphomettylpyrimidine kinase 277
Putative virulence factor

ureD SACOL2288 urease accessary protain UreD 3.48
urefE SACOL2283 urease accessory protein UreE 366
ureF SACOL2284 urease accessory protein UraF 3.84
ureG SACOL2285 ureass accessory protein UreG 3.28
ureC SACOL2282 urease alpha subunit 368
ure@ SACOL2281 urgase beta subunil 458
ureA SACOL2280 urease. gamma subunit 5.24
Regulatory functlons

ccpA SACOL1786 catabolite control proten A 467
SACOL1393 SACOL1393 transcriplional antiterminalor LicT. pulalive 278
ctsR SACOLO567 transcriplional regulator ClsR 61.64
c2rA SACOL2137 transcriptional regulator CzrA 9.21
SACOL1550 SACOL1550 Iranscnptional regulator, AraC family 238
SACOL0890 SACOL0890 (ranscnptional regulator, Cro/Ct family 22
SACOL0420 SACOL0420 Iranscriptional regulator, Cro/Cl family 29
SACOL0S63 SACOL0563 Iranscnptional regulator, GniR family 859
SACOL2256 SACOL2256 transcriptional regulator, MarR family 284
SACOL2531 SACOL2531 transcriptional regulator. MarR famity 429
SACOL2189 SACOL2188 transcriptional regulator, Sir2 family 289
SACOL2086 SACOL2086 transcriptional regulalor. TenA family 225
SACOL2593 SACOL2593 transcriptional regulator, TelR lamily 278
SACOL2374 SACOL2374 transcriplional regulator, TelR family. pulatve 295
sarV SACOL2258 staphylococcal accessory regulator V 245
SACOL 2035 SACOL2035 d ] Rex 237
mpA SACOL2739 nbonuclease P 3.03
glic SACOLO513 transcriptional regulatory prolein GILIC 4.06
Ribosomal proteln

psN1 SACOL1370 30S ribosomal protein S14 2,65
prmA SACOL1635 protein L11 18.88
pmG1 SACOL1369 nbosomal protein L33 230
Transport and binding proteins

SACOL2138 SACOL2138 cation etlux family protein 7.58
SACOL0997 SACOL0997 oligopaplide ABC transporier ATP-binding 2.09
SACOLO0998 SACOL09%8 oligopeplide ABC transporter, ATP-binding 220
SACOL0996 SACOL0996 oligopeptide ABC transporter 2.08
SACOL1000 SACOL1000 ABC 261
SACOLOB82 SACOL0999 ABC 2.69
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SACOL237S

SACOL2375

Transporter, CorA famity

2
-BACOL2279 SACOL2279 Transporter, pulative 3.:;
weA SACOL1211 uracil permease 7.16
SACOL1096 SACOL1096 TrkA polassium uptake family prolein 248
-SACOLD122 SACOLO0122 tetracycline resistance protein, pulative 4.17
SACOLO250 SACOL0250 PTS system. IIA component 7.30
SACOLO781 SACOL0781 osmoprotectant ABC transporter, ATP-binding protein 224
. Putative
_SACOL2257 SACOL2257 drug lransporter, putative 326
V8ACOL2523 SACOL2523 drug \ransporter, putative 327
SACOL2356 SACOL2356 ABC transporier ATP-binding proten 231
Unknown function
SACOL0220 SACOL0220 Flavohemoprotein,Putative 255
8ACOL0976 SACOL0976 Hydrolase, haloacid dehalogenase-like family 239
SACOL1162 SACOL1162 HAM1 protein 3.27
SACOL1683 SACOL1683 HesA/MoeB/ThiF family protein 2.78
SACOL1400 SACOL1400 ImpB/MucB/SamB family protein 4.34
SACOL0820 SACOL0820 LysM domain protein 261
SACOL0181 SACOL0191 M23/M37 peptidase domain protein 377
SACOL0064 SACOL0064 metallo-beta-lactamase famyly protein 2.50
SACOL0418 SACOL0418 mHA/HCI1086 family proten 6.36
SACOL0417 SACOL0417 M8 family protein 847
SACOL2722 SACOL2722 N-acetyltransferase family protein 27
SACOL1669 SACOL1669 O-methyltransferase family protein 219
SACOL1869 SACOL1669 O-methyltransferase family protein 219
-BACOL1T71 SACOL1771 OsmC/Ohr family protein 253
SACOL2594 SACOL2594 O short chain 3.01
Ffamily
SACOL0498 SACOL0498 PAP2 family protein 232
SACOL1967 SACOL1967 PcrB-Iike protein 41
SACOL2528 SACOL2529 phospholipase/carboxylesterase family protein 2.08
SACOLO573 SACOL0573 PIN/TRAM domain protein 11.27
D SACOL2719 rarD protein 274
SACOLOG21 SACOL0921 CBS domain prolein 272
8ACOL2245 SACOL2245 Acetyliransferase, GNAT family 286
SACOL2366 SACOL2366 Acetyltransferase, GNAT family 3.00
SACOL2012 SACOL2012 Acetyliransferase, GNAT family 4.41
SACOL1678 SACOL1678 baclerial lucierase family prolein 353
SACOL1833 SACOL1833 crcB family protein 343
B SACOL1832 cicB protein 263
SAcoLog82 SACOL0982 SuaS/YcIONTdC/YWIC family protein 28.27
P SACOL1022 ypIP protein 2.69
SACOLO714 SACOLO714 acetyltransferase GNAT family 4.46

Hypothetical protein

Total 113 genes have been «dentified to be upregulated

from 2.05 to 30 65
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Table 2. Genes whose Iranscriplion was rapressed under heat siress condilions

D COL Locus Function Average ratio
Amino acld blosynthasis
SACOL1360 SACOL1360 aspartate kinase 039
metE SACOL0428 5 i 039
melhyliranstersse
argG SACOL0884 argininosuccinale synthase 0.34
pheS SACOL1148 phenylalanyl-tRNA synthetase, alpha subunit 0.43
pheT SACOL1149 phenylalany-tRNA synthetase, beta subunit 0.30
serA SACOL1773 D-3-phosphoglycerate dehydrogenase 0.28
SACOL0430 SACOL0430 trans-sulluration enzyme family protein 034
SACOLD431 SACOL0431 trans-sulfuration enzyme family protein 0.41
trpB SACOL1408 tryptophan synthase subun beta 0.48
G SACOL1363 threonine synthege 0.36
his) SACOL2696 ATP bosyl-AMP  0.48
cyclohydrolase
hisA SACOL2698 ino-5- i 0.38
ribotide [somerase
hisF SACOL2697 hisF prolein (cyclase) 0.41
hisD SACOL2702 hislidinol dehydrogenase 0.42
hom SACOL1362 homoserine dehydrogenase 0.41
thiB SACOL1364 homosenne kinase 032
hisH SACOL2699 glycerol synthase, it 0.40
amidolransferase subunit
hisB SACOL2700 0.42
putA SACOL1816 proline dehydrogenase 0.30
SACOL0429 SACOL0429 i ine S. 0.30
Blosynthesis of cofactors
SACOL0564 SACOL0564 pyndoxing biosynlhesis prolain 0.35
claB SACOL1125 protoheme IX famesyltranslerase 0.40
SACOL2579 SACOL2579 phytoena dehydrogenase 0.13
Cell anvelope
cap5M SACOL0148 galactosyliranslerase 0.29
capSA SACOLO0136 capsular polysaccharide biosynthesis protein 0.18
cap5B SACOL0137 capsular polysaccharide biosynihesis protein 0.17
cap5C SACOLO0138 capsular polysaccharide biosynlhesis prolain 0.12
cap5D SACOL0139 capsular polysaccharide biosynthasis protein 023
capSE SACOL0140 capsular polysaccharida biosynthesis protein 0.24
cap5F SACOLO141 capsular polysaccharide biosynthesis protein 0.16
cap5H SACOL0143 capsular polysaccharide brosynthesss protein 017
cap5l SACOLO144 capsular polysaccharide biosynthesis protein 0.17
cap5J SACOL0145 capsular polysaccharide biosyntheslis protein 0.22
cap5K SACOLO0146 capsular polysaccharide blosynthasis protein 0.29
cap5L SACOL0147 capsular polysaccharide biosynthesis protein 0.46
capSN SACOL0149 capsuler polysaccharide blosynthesis protein 0.41
capS0 SACOL0150 capsular polysaccharide biosynthesis protein 0.47
SACOLO118 SACOLO119 cell wall surface anchor family protein 038
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SACOL1043 SACOL1043 glycosyl transferase, group 1 family protain 0.33
 00L2578 SACOL2578  glycosyl transferase, group 2 family protein 0.07
B SACOL0248 antiholin-like protein LrgB 0.34
p5G SACOL0142 UDP-N-acetylglucosamine 2-spimerase Cap5G 0.13
A SACOL0247 murein hydrolase regulator LrgA 0.29
a4 SACOL1062 bifunclional aulolysin 0.25
r@ SACOL0938 DItD protein 048
Calular processes

ok SACOL2026 accessory gene regulator prolein A 0.21
298 SACOL2023 accessory gene regulator prolein B 0.18
nC2 SACOL2025 accassory gene regulalor protein C 018
@S SACOL0096 staphylococcal accessory regulator S .29
saY SACOL2289 staphylococcal accessory regulator Y 029
S SACOL1450 sensor histidine kinase ArlS 0.48
%dpD SACOL2070 sensor hisudine kinase KdpD 045
oW SACOL2055 serine-protein kinase RsbW 0.35
pof SACOL2054 sigma factor B 0.31
SACOL2581 SACOL2581 staphyloxanthin biosynthess protein 0.39
sk SACOL06810 sdrE protein 0.39
[ SACOL1871 epidermin immunity protein F 0.41
epiE SACOL1872 epidermin immuntty protein F 044
mscl SACOL1383 large conductance mechanosensitive channel protein 0.34
dB SACOL2652 clumping factor B 0.29
SACOLOB61 SACOLO0861 cold shock prolen, CSD famsy 030
DNA metabolism

hp SACOL1513 DNA-binding protein HU 036
kipE SACOL2071 DNA-binding response regulator KdpE 0.42
8ACOLO201 SACOL0201 DNA-binding response regulator, AraC famity 0,44
SACOL0678 SACOL0678 integrase/recombinase, phage integrase family 0.34
SR

SACOL1551 alpha-glucosidase 0.43

SACOL2484 SACOL2484 alkythydroperoxidase, AhpD famity 021
SACOLO517 SACOL0517 alpha-amylase family prolein 040
#H SACOL2098 ATP synthase F 1, della subunit 0.50
% SACOL2094 ATP synthase F1, epsilon subunit 0.40
86 SACOL2096 ATP synthase F1, gamma subunit 0.46
w4 SACOL2097  ATP synthase subunit A 0.50
D SACOL2095 ATP synthase subunit B 0.41
ke SACOL1709 folylpolyglutamate synthase 0.42
B SACOL0204  formate acetyltransferase 0.25
SACOL2301 SACOL2301 formate dehydrogenase, alpha subunit, putalive 0.29
s SACOL2327 formiminoglutamase 0.31
tme SACOL1908 fumarate hydratase, class Il 037
* SACOL1604  Glucokinase 038
L SACOL2514 gluconate transporter, permeasa prolein 0.30
oK SACOL2515 i 0.18




0.35

SACOL1912 SACOL1912 I 8- putative
glB SACOL0514 glutemate synthase, large subunit 0.28
giD SACOL0515 glutamate synthase, small subunit 024
femC SACOL1329  glutamine synthetase FemC 038
gInR SACOL1328 glutamine synthetase repressor 0.48
sdhA SACOL1159 succinale dehydrogenase 036
sdhC SACOL1158 2 b558 sub 041
QoxA SACOL1089 quinol oxldase. subunit | 034
qoxB SACOL1070 quinol oxidase, subunit Il 0.40
qoxC SACOL10688 quinol oxidase, subunit (1l 0.38
qoxD SACOL1067 quinol oxldase, subunlt IV 025
cnN SACOL2578 dahydrosqualene desaturase 0.10
cntM SACOL2577 dehydrosqualene synthase 0.25
glms SACOL2145 D-fruck -6 i 0.33
pckA SACOL1838 045
miD SACOL2149 hol-1 5 0.47
manA1 SACOL2135 mannose-6-phosphale isomerase, class | 0.32
SACOL1602 SACOL1602 melallo-bala-lactamase family protein 0.38
SACOL0638 SACOL0638 phosphomevalonale kinase 041
SACOL2293 SACOL2293 NAD/NADP ociopina/napaline dehydrogenase 0.27
metK SACOL 1837 * S-adenosylmelhionine synthetase 021
plA SACOL0205 pyruvate formale-lyase-activaling enzyme 0.42
SucA SACOL1449 2 y E1 0.44
SACOL0607 SACOL0607 Azoreductase 0.42
Fatty acid metabolism
accC SACOL1571 acetyl-CoA carboxylase 0.49
SACOL1662 SACOL1662 acetyl-CoA carboxylase. biolin carboxy! carmier protein, 0.36
putalive
SACOL1661 SACOL1661 acetyl-CoA carboxylase, biolin carboxylase, putalive 0.40
SACOL0213 SACOL0213 acyl-CoA dahydrogenase family prolein 0.41
olpF SACOL1319 glycerol uptake facililator protein 0.27
SACOL0962 SACOL0962 yl diester GlpQ. 0.45
putative
geh SACOL2694 Lipase 044
Purines, pyr and
purD SACOL1083 phosphoribosylamine—glycine ligase 024
purk SACOL1074 imi 020
purE SACOL1073 i calalytic 028
subunit
purM SACOL1080 i 0.20
purt SACOL1082 021
purQ SACOL1077 phosphonbosylformylglycinamidine synthase | 0.16
purl. SACOL1078 phosphonbosylformyliglycinamidine synthase (i 022
purs SACOL1076 phosphoribosylformylglycinamidine synthase 019
purN SACOL1081 i i 020
purB SACOL1869 adenylosuccinate lyase 0.42
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puf SACOL1079 amidophosphonbosyltransferase 0.17
w SACOL0458 xanthine phosphonbosyltransferase 0.26
rdE SACOL0792 i i alpha sub, 0.36
woF SACOL0793 beta sub. 0.26
Qe SACOL0461 GMP i 034
- protein
queB SACOL0460 inosine-5'-monophosphate dehydrogenase 0.31
Protein metabolism
vals SACOL1710 valyl-tRNA synthetasa 0.50
SACOL1803 SACOL1803 pseudouridine synthase, tamily 1 0.5t
serS SACOL0009 seryl-tRNA synthetase 0.39
» SACOL1622 glycyl-IRNA synthelase 0.39
Regulatory functions
bV SACOL2056 anli-anti-sigma factor RsbV 0.42
SACOL2147 SACOL2147 Imnsgiplional antiterminator, BgIG family/DNA-binding 0.4
protein
SACOL2290 SACOL2290 transcriptional regulalor, AraC family 0.21
1noR SACOL0746 transcriptional regulator. MarR family 0.45
Ribosomal protein
[ SACOL2207 508 ribosomal protein L13 0.39
-1 SACOL0585 nbosomal protein L10 045
™R SACOL0439 ribosomal protein S18 047
ms! SACOL2206 nbosomal protein S9 0.36
Transport and binding proteins
SACOL0882 SACOL0882 ABC lransporter, ATP-binding protein 0.09
SACOLO306 SACOL0306 ABC transporter, ATP-binding protein 0.22
SACOL1427 SACOL1427 ABC transporter, ATP-binding protein 0.30
SACOL0690 SACOL0690 ABC transporier, ATP-binding protein 0.42
SACOL0883 SACOL0883 ABC transporter, permaase protein 0.08
SACOLO30S SACOL0305 ABC transporter, permease prolein 0.27
SACOL0689 SACOL0689 ABC transporter, parmease protein 0.40
SACOLOBB4 SACOL0884 ABC transporter, substrale-binding protein 0.06
SACOLDBSS SACOL0688 ABC transporter, substrate-binding protein 0.37
SACOL0506 SACOL0508 ABC lransporter. substrate-binding protein 0.33
SACOL1915 SACOL1915 amino acid ABC transporter, ATP-binding 0.27
SACOL1916 SACOL1916 amino acld ABC transporter, permease 0.35
SACOL0630 SACOL0630 amino acd permease 0.06
SACOL1743 SACOL1743  amino acid permease 028
SACOL1728 SACOL1728 amino acid permease 0.37
SACOL1367 SACOL1367  amino acid permease 0.42
$ACOL2169 SACOL2169 aerobactin biosynthesis protein, lucA/lucC 0.34
oppF SACOL0294 oligopeptide ABC transporter, ATP-binding 0.20
%pD SACOL0983 oligopeptide ABC transporter, ATP-binding 0.22
SACOL0995 SACOL0995 oligopeptide ABC {ransporter, 0.20
oC SACOL0992 ide ABC p protein 0.27
ez SACOL2176  osmoprotectant transporter, BCCT family 006
o8 SACOLO891 ide ABC transporter. p protein 038




Le 111 Nguycn pui es &

SACOL2473 SACOL2473 peptide ABC transporter, ATP-binding protein 0.45
SACOL2472 SACOL2472 peptide ABC transporter, ATP-binding pratein 047
SACOL2478 SACOL2476 peptide ABC Iransporter, peptide-binding 0.36
SACOL2474 SACOL2474 peptide ABC Iransporter, permease protein 037
SACOL2475 SACOL2475 peptide ABC Iransporter, permease protein, 0.38
SACOL2663 SACOL2663 PTS syslem. fruciose-specific MABC componenls 0.30
SACOL2552 SACOL2552 PTS sysiem. IABC components 0.08
SACOLO175 SACOL0175 PTS system, IABC componants 0.13
SACOL0516 SACOL0516 PTS system, IIBC components 0.23
SACOL2148 SACOL2148 PTS system, mannitol-spacific IIA component 0.15
SACOL2319 SACOL2319 Na+/H+ antiporter family proten 0.46
nhaC SACOL2292 Na+/H+ antiporter NhaC 0.34
SACOL0682 SACOL0682 Na+/H+ antiporter, MnhD component, pulalive 043
SACOL0685 SACOL06885 Na+/H+ antiporter, MnhF component, pulative 0.44
SACOL0686 SACOL0686 Na+/H+ antiporter, MnhG component, putative 0.46
nupC SACOL0566 nucleoside permsase NupC 0.39
pbuX SACOL0459 xanthine permease 0.21
SACOL2242 SACOL2242 xanlhine/uracil permease family prolein 0.48
SACOL2483 SACOL2483 transporter, pulaliva 0.31
SACOL1114 SACOL1114 Mn2+/Fe2+ transporier, NRAMP family 0.39
SACOL0088 SACOL0088 Na/Pi cotransporter family protein 038
SACOL2314 SACOL2314 sodium/bile acid symporter family protein 0.42
SACOL1979 SACOL1879 sodium-dependent transporier 0.30 -
SACOL0788 SACOL0788 pro family protein 0.42
SACOL0093 SACOL0093 L-lactate permease 0.36
SACOL2707 SACOL2707 coball transport family protein 0.45
Unknown function/Others
SACOL1847 SACOL1847 conserved domain protemn, putative 0.24
SACOL1385 SACOL1365 haloacid like family 033
isaA SACOL2584 immunodominant anligen A 0.28
SACOL0388 SACOL0388 prophage L54a, holin, SPP1 family 0.48
SACOL0770 SACOL0770 radical activaling enzyme lamily protemn 0.47
SACOL1606 SACOL 1606 rhombeoid family protein 0.50
SACOL1941 SACOL 1941 ribonuclease BN, putalive 0.29
SACOL1607 SACOL1607 S-formyltetrahydrafolate cyclo-igase lamily 0.47
SACOL1187 SACOL1187 antibacterial protein (phenol soluble modulin) 0.32
SACOL0740 SACOL0740 decarboxylase family prolein 0.36
SACOLO777 SACOL0777 urea amidolyase-relaled protein 0.38
spoVG SACOL0S41 spoVG protein 038
SACOL1663 SACOL1663 uraa amidolyase-related protein 0.38
SACOL0399 SACOL0399 oxidoreductase, pulatve 0.28
SACOL2321 SACOL2321 ' short chain 0.29

family
SACOL2053 SACOL2053 $1 RNA binding domain protein 046
SACOL0723 SACOL0723 LysM domain proteln 0.42
Hypothetical protein Total 60 proteins have bean down regulated from 0 09 to

0.49 folds
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DISCUSSION

™% Asa model organism for studying the heat shock
rsponse in Gram-positive bacteria, differences in
the proteome of heat shocked B. subulis cells and the
mechanisms of heat shock response of this organisn
have been examined quite throughout (Sch et

highly up regulated under siress condition.
Morcover. the transcription profile showed the high
induction of HrcA, one of the main regulators of the
heat shock response, which could not be identified
on the 2D gels. The transcription profile also showed
that the ribosomal protein L] 1 was up regulated by

o, 1996; Bembardt ef al.. 1997, Movadehi et al.,
M00). In B. subtilis at lcast four classes of heat
shock genes encoding cytoplasmic proteins have
been identified (Hecker er al., 1996; Schumann er
al, 1996; Schumann, 2003).

In the case of pathogenic bacteria, heat-shock
proteins might play an important role, as sera from
infected patients contain antibodies 10 several heat-
dock proteins and they are induced early in
infection of human epithelial cells with S. aureus
(Qoronfleh er al., 1998).

In this study, effects of heat stress on S. anrens
cells was analysed with DNA microarrays.

Unlike the model organisms B subrilis, hitle

heat The rib: | protein L11 exhibits
significant homology to the deduced amino acid
sequence of orf35 in B.subtilis, which is one part of
the heptacistronic dinaK operon (Schumann, 2003).

The exposure (o heat stress condition leads to the
accumulation of misfolded protemns, resulting in a
strong induction of gene ding the chap as
well as proteases which are typical for protect
function. For example, among the heat induced
genes are also those belonging to the Clp machinery:
clpP encodes the proteolytic component ClpP and
clpB of the chaperone ClpB. Clp-proteases belong to
class 111 heat shock protein that regulated by CtsR
repressor which were showed to be highly induced
by heat stress in B. subsillis (Kruger er al., 1996;
Derre ef al., 2000; Schumann ef al., 1996). Frees and

I

was known until recently about the I of
sress response in S, awreus. Analysis of the
complete genome sequence (Kuroda ef al., 2001) and
several recent reports indicate the existence of the o®
(Gertz er al., 2000) and HrcA (Kuroda er al., 2001)
in S aureus. Moreover, an orthologue of the CtsR
¢lass Il stress regulator was defined as well as
several potential target genes (Derré er al., 1999). In
§. aureus, there seems to be a regulatory overlap
between class 1 and class 11l genes, with dual heat
shock regulation by CtsR and HrcA.

The obtained transcriptomic analysis data
indicate that under heat stress conditions, S. aureus
eells showed the induction of three classes of heat
inducible genes. Among them were proteins such as
chaperones DnaK, GroEL, GroES, and GrpE.

wi. In S. awreus, the expression of dnaK and
$oELigroES is controlled by both HrcA and CtsR
mepressor, which act together synergistically to
aintain low levels of expression in the absence of
sttess (Chastanet ef al., 2003). In B. subtilis, GroEL
ad DnaK are regulated by the HrcA repressor and
tanscribed during heat shock by the vegetative
figma factor A (Schumann et al., 1996; Yuan et al.,
1995). In this work, it was shown that in S. aureus,
8enes belonging to class I heat shock response were
ongly induced after heat exposure. Transcriptome
. alysis data show that the gene encoding the
‘ rones DnaK, GroEL, GroES and GrpE was

d that the action of a ClpP
proteolytic complex is essential for staphylococci to
grow under heat-shock conditions. Our Northern blot
result figured out that the transcription of clpB was
highly induced, in support of this notion c/pB was
recently shown to be required for growth at very
high temperatures (Frees et al., 2004).

The transcriptome analysis also revealed that the
heat shock repressor CisR was highly up-regulated
afier heat exposure. Frees and colleagues observed
this same phenomenon and suggested that CtsR may
need a cofactor for repressor function (Frees er al.,
2004; Anderson et al., 2006).

Interestingly, in this work, we have detected the
induction of ahpC-ahpF in S. aureus after exposing
to heat shock. In B. subtilis, these genes belong to &
group of genes whose expression is also responsive
to stress, but the mechanism of induction is not
affected by any of the previously mentioned
regulators (Schumann, 2003). Therefore, ahpC-ahpF
are controlled by one or more unknown mechanisms.

Heat stress treatment also resulted in a strong
synthesis level of genes belonging to the SOS
response such as uvrA and urvB, which were also
induced by the antibiotic mitomycine (Anderson er
al., 2006). That indicated the relevance of heat stress
response and SOS response.

According to the microarrays analysis data, among
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the heat-induced transcripls were several bacteriophage
replication/packaging  genes such as  inlergrase
SACOLO318. replicative DNA helicase SACOL0343,
N-6-adenine-methyltransferase SACOL0346 dcoxy-
wridine Sttript

proteins in Bacillus subtilis - a two-dimensional protein
clectrophoresis study. Microbiology 143: 999-1017.

Charbonnier Y, Gettler B, Frangois P, Bento M, chzo{u
A. Vaudaux P, Schlcgel W, Schrenzel J (2005) A generic
h for the design of whole-genome oligoarrays

SACOL0357. lmnscnpnonal regulator of the RinA
family (SACOL0364) as well as the small and Jarge
subunit  of the terminase SACOL0366 and
SACOLO0367 (Table 1). Anderson and colleagues have
shown that SOS i ion also acti the exp

validated for genomolyping. dcleuon mapping and gene
ion analysis on p aureus. BMC
Gelmmlrs 1471-2164-6-95

Chastanct A. Femé T, Msadek T (2003) Comparative

of numerous bacteriophage genes in S, awrens. The
concerted functions of these faclors may account, in
pan. for the oburvnlmn that SOS induction n.sulls in
} icity island  di
arnong slaphylococci  (Mazmanian et al.. 1999;
Maiques ef al.. 2006). In the current work, as heat
shock cause DNA damage and consequently bring
about an induction of DNA repuir and DNA synthesis,
heal shock might lead the phages into the lysis cycle but
the mechanism of that process has not been well
examined.

Taken together, heat shock lead to an up-
regulation of enzymes involved in DNA metabolism,
protection, and repair. Consequently, it can be
concluded thal under heat shock diti the

ics reveal novel heat shock regulatory mechanisms
m Staphylococcus  aurens  and  other  Gram-positive
bacieria. Mol Microblol 47: 1061-1073.

Clements M. Foster S (1999) Siress resistance in
Staphylococcus vurens. Trends Microbiol 7: 458-462.

Derré 1, Rappoport G, Msadek T (1999) CusR, a novel
regulator of tlrcss and heat shock response, controls clp
and gene in Gram-
positive bacieria. Mal Microbiol 31: Il7 131,

Derré [, Rappopont G. Msadek T (2000) The CisR
regulator of stress response is active as a dimer and
specifically degraded in vivo at 37°C Mol Microbiol 38:
335-347

Frees D, Chastanet A, Qazi S. Sorensen K. Hill P, Msadek
T, lngncr H (2004) Clp ATPases are required for stress

DNA damage occur in S. aurens. Another indication
for this conclusion is the induction of phage genes.
Under oxidative stress  conditions,  similar
phenomena have been observed in S anreus (Wolf e
al., 2008).
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HAN TiCH S BIEU HIEN GEN CUA STAPHYLOCOCCUS AUREUS SAU XU LY SOC
HIET

! Thi Nguyén Binh"**, Susanne Engelmann’, Nong Van Hai', Michael Hecker~

neing D1 hoc Téng hgp Greifswald, Dirc
Ién Cong ngh¢ sinh hoc. Viét Nam

TOM TAT

: ot I
Staphylococcus anreus 1A mit trong nhimg vi khudn giy bénh & nguiy_i rat yl\guythmm vi lhc- m% trg thanh
™ déy tugng nghién cint rét quan trong Trong nhing nim gan day, nghién cifu vé ca c'hc pll\a'n img cua S.
anreus véi cac Kich thich tir ngogi canh d vi dang rat duge chi ¥ bai vi lod vi kh_uan nay ¢§ tinh dé I}_h:u‘\g
manh vén cac diéu kign méi tnrong bit lgi. Bai bio nay irinh bay két qua nghién ci vé nhirg thay déi cia
bicu hign gen va protein cia S. aurens dudi 1dc déng cua séc nhiét, qua do lri‘nh bay mét cai nhu} chi neve
phin img cia S aureus & diéu kign 1 vitro dé1 véi vic dgng cia ngoar canh bat loi Truée hét. viee ph?n tich
bé protein v mirc d¢ bicu hién mRNA coa S. anreus duéi tac dung cia s0¢ nhi¢t dugc thyc hién bing ky_llhu_a_l
iEaién di han chiéu két hop vén phén tich bing may khéi phé va phuong phip DNA amray. Sy thay d6i l:énhm 4
“ mbi truimg song thong thuémg Ién nhiét do cao dé giy ra & S. aurens mt loat nhimg, thay dd1 trong Kpr?le,n
' cing nhur hé gen ciia vi khuan nay, Cy thé 1a cic protein ndi bio co chirc nang bao vé nhu GroEL, DnaK va cic
-
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proteose phy thuge ATP nhu ClpB va ClpP da cam img gia tang rd rt. Thém véo d6 sy biéu hién cia protein
e ché CisR ciing tang manh. Mgt diéu ddng ngac nhién I cac protcin chiu sy didu klmn cua phin 16 slgma B.
thudmg cam (g it mgnh sau sic nhiét o vi khudn Bacitlus subiilis lai khong hé tang mic bicu hign as
anreus wong truimg hop niy. Ngodi ra. cc phin tich ¢ mire 0§ phién ma gen cing chi ra sy tang mitc phicn
ma cua cic gen thuge nhdm SOS. cc gen chyu irdch niém phién ma, déng gdi o thé thuc khuin thé. hodc cic
gen dicu hda qué trinh dich mA thude nhom RinA Tom lgi, nhimg biéu hién dic trung cda S. aurcus d.()i voi
cie diéu Kign khang cd 1gi ¢d thé teo thanh cong cu hivu hidu trong viée chan dosn phan img cua vi khuan nay
40i vén mgu loqe kg sinh méi hode vice nghidn et che 1rang thi sinh 1y cva 1 bao.

Tie Ahéa: DNA arrav. lai Northern, phan ticl tromeriptomic, soc nhiét, Staphylococcus aurens





