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Abstract Bacterial identification using rrs (16S rRNA)

gene is widely reported. Bacteria possessing multiple

copies of rrs lead to overestimation of its diversity. Sta-

phylococcus genomes carries 5–6 copies of rrs showing

high similarity in their nucleotide sequences, which lead to

ambiguous results. The genomes of 31 strains of Staphy-

lococcus representing 7 species were searched for the

presence of common genes. In silico digestion of 34

common genes using 10 restriction endonucleases (REs)

lead to select gene-RE combinations, which could be used

as biomarkers. RE digestion of recA allowed unambiguous

identification of 13 genomes representing all the 7 species.

In addition, a few more genes (argH, argR, cysS, gyrB,

purH, and pyrE) and RE combinations permitted further

identification of 12 strains. By employing additional RE

and genes unique to a particular strain, it was possible to

identify the rest 6 Staphylococcus aureus strains. This

approach has the potential to be utilized for rapid detection

of Staphylococcus strains.
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Introduction

Staphylococcus species are Gram-positive pathogens,

which colonize and infect the skin and mucous membranes

of human beings. These infections in humans are often

associated with exposure to livestock [1]. Bacteria

demonstrate a unique ability to rapidly acquire genetic

material, which increases its pathogenicity and confers

resistance to antibiotics. Staphylococcus aureus has

evolved as an organism responsible for epidemics, which

are difficult to control. Staphylococcus epidermidis causes

a wide range of nosocomial infections, which include

nosocomial bloodstream, eye, ear, nose, throat and car-

diovascular system [2]. In fact, S. aureus has developed the

competence to withstand the threats posed by the human

immune system [3]. Staphylococcus aureus cause infec-

tions in open wounds through mucosal surfaces or skin [3,

4]. Staphylococcus is also reported to cause abscesses,

bacteremia endocarditis, gastroenteritis, food intoxications

and septicemia [5]. Children and diabetic patients with HIV

are highly susceptible to colonization by S. aureus [3]. The

most effective mechanism by which S. aureus expresses its

virulence is regulated by a quorum sensing (QS) mediated

accessory gene regulator system [6]. QS regulated biofilm

formation is considered as the main cause of infections in

this organism. These QS systems have been rigorously

studied as potential therapeutic targets [7–12].

Bacterial Identification

Biochemical Tests

Reference methods for identification of Staphylococcus

species include: (1) enzyme assays—alkaline phosphatase,
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coagulase, amino acid decarboxylases, urease, (2) nitrate

reduction, and acid production from a wide range of sugars,

and (3) hemolysis [5, 13]. A few other ancillary tests to

identify Staphylococcus include anaerobic utilization of

glucose and mannitol, lysostaphin sensitivity, and thermo-

stable nuclease production. S. epidermidis can be distin-

guished from S. aureus, as it lacks abilities such as coag-

ulase production, thermonuclease production, and mannitol

utilization [14].

Molecular Assays

Guidelines for the laboratory level detection of S. aureus

recommend the molecular targets such as coa, femA, femB,

gyrA, nuc, spa, Sa442, and 16S rRNA (rrs) genes [15]. The

triplex qPCR assay based on mecA, and femA (from S.

aureus and S. epidermidis) could be completed within a

short span of 6 h [16]. Autolysin encoded by atlE which

influences primary attachment, is one of the most studied

genes [2]. Real-time PCR for amplifying altE, lukS-PV,

mecA, homologue mecALGA251, mvaA, nuc, and tuf genes

from blood allows rapid identification of S. aureus strains

within 2–3 h [17–20]. PCR-amplification of the nuc, mecA,

ileS, lukS-lukF genes are used to identify S. aureus [21].

Here, S. aureus ATCC25923 act as a positive control,

whereas S. epidermidis ATCC12228 is used as a negative

control [5]. Identification of genetically diverse isolates of

methicillin-resistant S. aureus (MRSA) has been success-

fully done using orfX-staphylococcal cassette chromosome

mec- (SCCmec) based assays carrying blaZ, ccr, mecA,

mecI, and mecR1 genes [1, 22–25]. A few more genes used

for identifying S. epidermidis include: sodA, rpoB, tuf, gap,

dnaJ, hsp40, and tRNA intergenic spacer [20]. The MRSA

PCR detection kit (Multiplex) targets the following 4

genes: rrs, mecA, lukPVL and femA (http://himedialabs.

com/TD/MBPCR020.pdf). Although commercially avail-

able kits are effective in identifying the mecA gene, how-

ever, these methods need pure cultures [15]. In spite of the

availability and usage of a large number of genes for

identifying Staphylococcus, there seems to be no consensus

so far.

The most widely used gene for identifying bacteria is

rrs. Recent works have proved helpful in further enhancing

their value by revealing their unique latent features [26–

29]. However, the major limitation in the use of rrs gene is

encountered in bacteria having multiple copies, which is

responsible for overestimation of bacterial species. Sec-

ondly, the multiple copies of rrs show very high similarity

with those of other species as well [30–35]. We need to

resort to other conserved genes for better bacterial identi-

fication. Recent works have used a set of genes which are

common to all the species of a genus. These genes were

digested in silico with different Restriction Endonucleases

(REs). Unique RE digestion patterns obtained with a

specific gene were shown to be potentially useful for rapid

bacterial identification. Since Staphylococcus genomes

have multiple copies of rrs, we have adopted the strategies

proposed earlier for searching novel markers in pathogenic

bacteria [30–32, 34], for identifying this bacteria as well.

Materials and Methods

Comparative Analysis of Sequenced Genomes

Sequenced genomes of the Staphylococcus: 7 species—31

strains were used here (http://www.ncbi.nlm.nih.gov/): S.

aureus (24 strains), S. carnosus, S. epidermidis (2 strains),

S. haemolyticus, S. lugdunensis, S. pseudintermedius, and

S. saprophyticus (Table S1). Certain features of these

Staphylococcus genomes have been presented in Table S1.

Comparative analysis of Staphylococcus genomes, allowed

us to select 53 genes common to all of them. These com-

mon genes, varied from 179 to 4316 nucleotides (nts)

(Tables S1 and S2). In addition, rrs was also used in this

analysis. Orientation (50–30) of sequences was checked with

the help of BioEdit [36].

In silico Digestion of Common Genes

with Restriction Endonucleases

Ten Type II REs: (1) AluI, BfaI, BfuCI, CviAII, HpyCH4 V,

RsaI, TaqI, Tru9I (4 base cutters) and (2) HaeI and Hin1I

(6 base cutters) were used for in silico digestion of com-

mon genes [32]. RE digestion patterns of these genes were

obtained through Cleaver (http://cleaver.sourceforge.net/)

(Table S2). REs which resulted in 5–15 fragments were

employed for comparative analysis of the gene sequences

[32]. A genome wide search was performed in the fol-

lowing genomes—S. aureus MW2, S. aureus MSSA476, S.

aureus Mu3 and S. aureus N315. Genes that were not

common to all the 31 genomes were treated as unique.

Results

In silico RE Digestion of rrs

In each of 31 genomes of Staphylococcus strains there were

5–6 copies of rrs. The 162 copies of rrs could be segregated

into 11 groups on the basis of multiple sequence alignment

(MSA). Each group was represented by 5–68 copies, which

were quite similar to each other. Twenty five genomes were

represented by 5 groups, with 6–68 copies in each. It allowed

unambiguous segregation of only 6 genomes representing 32

copies: S. aureus subsp. aureus T0131, S. aureus subsp.
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aureus VC40, S. epidermidis ATCC12228, S. epidermidis

RP62A, S. lugdunensisN920143 and S. saprophyticus subsp.

saprophyticus ATCC15305.

Unique in silico RE digestion patterns were observed in

the following strains: (1) S. aureus—5 strains, (2) S. car-

nosus, (3) S. epidermidis—2 strains, (4) S. haemolyticus,

(5) S. lugdunensis, (6) S. pseudintermedius, and (7) S.

saprophyticus (Table 1). Here, unique digestion patterns in

the rrs gene were recorded with 8 REs (Table 1). RE-Hin1I

did not provide unique digestion pattern in any of the

strains. There was a reasonable amount of variation in RE

digestion patterns even within a genome: (1) RE-AluI and

S. carnosus subsp. carnosus TM300; S. epidermidis

ATCC12228, (2) RE-BfaI and S. haemolyticus JCSC1435,

(3) RE-BfuCI and S. aureus subsp. aureus TW20; S. epi-

dermidis ATCC12228, S. epidermidis RP62A (4) RE-

CviAII and S. aureus subsp. aureus 6850; S. aureus subsp.

aureus MRSA252; S. saprophyticus subsp. saprophyticus

ATCC15305, (5) RE-HpyCH4 V and S. aureus RF122; S.

aureus subsp. aureus MRSA252; S. carnosus subsp. car-

nosus TM300, (6) RE-TaqI and S. lugdunensis N920143,

and (7) RE-Tru9I and S. aureus RF122 (Table 1). In S.

aureus subsp. aureus TCH60 and S. pseudintermedius

ED99, RE digestion pattern was observed to be exactly

similar in all the rrs copies in their respective genomes. In

silico digestion of 162 rrs gene sequences with 10 REs,

was quite effective in identifying 12 Staphylococcus strains

representing 7 species. These 12 strains included only 4 out

of 6 strains (S. epidermidis ATCC12228, S. epidermidis

RP62A, S. lugdunensis N920143 and S. saprophyticus

subsp. saprophyticus ATCC15305), which could be seg-

regated through MSA. On the basis of these analyses, we

may conclude that we need to resort to other genes for

identifying the rest 19 genomes having 99 rrs copies.

In silico RE Digestion of Common Genes

In 31 Staphylococcus genomes, 53 genes (in addition to

rrs) were found to be common to all of them. The size of

these 53 genes varied from 179 to 4316 nts (Table S2). In

silico digestion of 34 out of 53 genes with different REs

showed certain unique features, which can be used to dis-

tinguish different Staphylococcus genomes. Interestingly,

there were 4 S. aureus genomes (Table 4), which did not

show any unique RE digestion pattern with any of the REs.

The genes which showed unique digestion patterns with a

few REs were: argH, argR, cysS, gyrB, purH, pyrE and

recA (Tables 2a, b, 3).

recA

Digestion of recA gene (1349 nts) was recorded with 8

REs. REs-AluI, HpyCH4V and Tru9I proved effective in

generating unique RE digestion patterns with recA in 7–8

genomes. However, if all the combinations are taken into

consideration, these gene-RE combinations can decipher

11 strains belonging to 7 Staphylococcus species

(Table 2a). In addition, another genome of S. aureus strain

RF122 can also be identified because of unique RE

digestion patterns generated with CviAII, TaqI and BfuCI

(Table 2b).

argH, argR, cysS, gyrB, purH, and pyrE

As, recA was helpful in being used as a marker for iden-

tifying 13 out of 31 strains, we resorted to other genes for

the rest of the strains. Six more genes (argH, argR, cysS,

gyrB, purH, and pyrE) in combinations with REs—AluI,

BfuCI, CviAII, HpyCH4 V, RsaI, and Tru9I provided

markers for identifying 12 more S. aureus strains (Table 3).

The details of unique gene-RE combinations and the gen-

omes so identified were as follows (Table 3): (a) purH: (1)

BfuCI for S. aureus TCH60 and S. aureus T0131, (2)

CviAII for S. aureus ED98; (3) HpyCH4V for S. aureus

11819-97; (b) argH-BfuCI for S. aureus 04-02981;

(c) argR-Tru9I for S. aureus Newman and S. aureus

JKD6008; (d) gyrB-RsaI for S. aureus COL and S. aureus

JKD6159; (e) cysS-AluI for S. aureus Mu50; (f) pyre-Tru9I

for S. aureus VC40; and (g) recR-Tru9I for S. aureus

MRSA252.

However, among all the common genes, none of the

gene-RE combination could distinguish the 6 genomes of

S. aureus. For identifying S. aureus NCTC8325 and S.

aureus USA300_FPR3757, two different gene-RE combi-

nations were used (Table 3). Incidentally, the strains of S.

aureus MW2 and S. aureus MSSA476 were found to have

a similar RE pattern with argH-BfuCI. These two genomes

could only be identified by using another gene seh, which is

only present in S. aureus MW2. Gene seh can be digested

only with AluI, HpyCH4 V and Tru9I (Table 4). On the

other hand, rest two genomes of S. aureus Mu3 and S.

aureus N315 were quite similar and hard to distinguish on

the basis of various common genes used in the study. A

genome wide search led to the identification of quite a few

unique genes that may be used to distinctly identify them

(Table 4).

Thus, using these approaches of common and unique

genes in combination with 10 different REs, we could

identify quite a few biomarkers. recA alone was effective

in distinguishing 13 out of 31 genomes. An additional 14

genomes could be identified on the basis of specific RE

digestion patterns of genes such as: argH, argR, cysS, gyrB,

purH, and pyrE. Four genomes of S. aureus could be dis-

tinguished by taking help of genes unique to a given strain.

These biomarker genes enabled us to segregate all the 31

genomes distinctly.
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Table 1 In silico restriction endonuclease (RE) digestion pattern (50-30) of rrs gene of Staphylococcus strains

Staphylococcus spp. GenBank ID Copies of rrs Unique RE digestion patterna

RE-AluI

S. aureus subsp. aureus MRSA252 BX571856 5 82•86•87•615•210•51•214•124•87

S. aureus subsp. aureus TW20 FN433596 5 74•86•87•824•51•214•124•80

S. carnosus subsp. carnosus TM300 AM295250 2/5 82•173•615•209•51•214•124•87

3/5 82•173•615•209•51•170•44•124•87

S. epidermidis ATCC12228 AE015929 2/5 87•123•214•51•209•478•137•87•86•82

3/5 87•123•214•51•209•615•87•86•82

S. haemolyticus JCSC1435 AP006716 5 82•86•87•615•209•265•123•87

S. pseudintermedius ED99 CP002478 5 82•173•186•429•209•265•124•87

S. saprophyticus subsp. saprophyticus ATCC15305 AP008934 6 81•86•87•615•209•51•138•76•125•87

RE-BfaI

S. aureus subsp. aureus MRSA252 BX571856 5 256•763•336•115•86

S. aureus subsp. aureus TCH60 CP002110 6 248•762•335•115•79

S. epidermidis ATCC 12228 AE015929 5 84•114•335•763•258

S. haemolyticus JCSC1435 AP006716 1/5 1019•335•114•86

4/5b 256•763•335•114•86

S. lugdunensis N920143 FR870271 5/5 252•763•335•113•63

S. saprophyticus subsp. saprophyticus ATCC15305 AP008934 6 255•763•140•195•116•86

RE-BfuCI

S. aureus subsp. aureus TCH60 CP002110 6 7•223•74•119•351•582•175•8

S. aureus subsp. aureus TW20 FN433596 1/5 7•223•74•119•352•582•100•75•8

4/5b 7•223•74•119•352•582•175•8

S. carnosus subsp. carnosus TM300 AM295250 5 15•416•351•582•175•15

S. epidermidis ATCC12228 AE015929 2/5 11•174•354•228•352•119•74•223•19

3/5 11•174•582•352•119•74•223•19

S. epidermidis RP62A CP000029 1/6 15•223•74•119•352•228•354•174•15

5/6b 15•223•74•119•352•582•174•15

S. haemolyticus JCSC1435 AP006716 5 15•416•352•582•174•15

S. lugdunensis N920143 FR870271 5 15•297•119•352•582•162

S. saprophyticus subsp. saprophyticus ATCC15305 AP008934 6 14•297•471•582•176•15

RE-CviAII

S. aureus subsp. aureus 6850 CP006706 1/5 47•140•493•269•108•148•35•90•34•176

4/5b 47•140•493•269•108•148•125•34•176

S. aureus subsp. aureus MRSA252 BX571856 1/5 26•29•139•493•269•108•148•125•34•183

4/5b 55•140•493•269•108•148•125•34•173

S. aureus subsp. aureus TCH60 CP002110 6 47•140•492•269•108•148•125•34•176

S. epidermidis ATCC12228 AE015929 5 180•159•148•108•269•493•140•57

S. epidermidis RP62A CP000029 6 55•140•493•269•108•148•159•182

S. pseudintermedius ED99 CP002478 5 55•128•12•493•269•108•148•125•34•183

S. saprophyticus subsp. saprophyticus ATCC15305 AP008934 1/6 54•633•269•108•148•70•55•34•184

5/6 54•140•493•269•108•148•70•55•34•184

RE-HpyCH4V

S. aureus RF122 AJ938182 2/5 58•191•43•188•186•40•161•197•262•229

3/5b 58•191•43•188•186•201•197•262•229

S. aureus subsp. aureus MRSA252 BX571856 1/5 248•43•188•186•201•197•262•229

4/5b 58•191•43•188•186•201•197•262•229
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Discussion

Identification of pathogenic bacteria is the first prerequi-

site for diagnosis and treatment. Quite a few metabolic

characteristics of these bacteria give a very clear cut

indication of the potential organisms. However, a confir-

matory statement can be made on the basis of their

molecular features. Most identification methods use rrs

gene sequences [7, 12, 26–28]. In spite of its successful

usage, there are situations where this gene becomes

ambiguous. Such cases involve bacteria possessing mul-

tiple copies of rrs, which also show high similarity among

them [12, 26, 33–35]. In general, other highly conserved

genes become helpful, which requires additional time and

money. In most of the molecular approaches used for

identifying Staphylococcus species, 27 genes have been

widely used either individually or in combination [1, 17–

20, 22–24]. Of these 27 genes, only gyrA is among those

which are common to all the genomes. It implies that the

rest 26 genes may not prove effective in all the Staphy-

lococcus strains. In our study, the most important feature

is the usage of genes which were common to all the

Staphylococcus strains. And recA alone was effective in

identifying strains which represented all the 7 species.

Analysis of gyrA with 10 different REs showed very poor

resolution, such that a very large number of fragments

were generated, which are not very convenient to be used

for this purpose.

For employing the biomarkers deduced in this study for

identifying Staphylococcus isolates, the following proce-

dure is suggested. Standard molecular procedures, includ-

ing DNA extraction from the infected sample, designing

primers and optimizing conditions are required for gene

amplification. The amplified gene product can be digested

with selected REs or the sequence can be digested in silico

with designated RE. Such a strategy for searching

biomarkers from genes which are common to all the spe-

cies has been shown for pathogenic bacteria such as:

Table 1 continued

Staphylococcus spp. GenBank ID Copies of rrs Unique RE digestion patterna

S. carnosus subsp. carnosus TM300 AM295250 1/5 58•128•8•10•462•88•113•197•262•229

1/5 58•128•18•462•88•112•197•262•229

3/5 58•128•18•462•88•113•197•262•229

S. epidermidis ATCC12228 AE015929 5 228•262•197•201•186•422•58

S. lugdunensis N920143 FR870271 5 58•422•186•201•197•262•201

S. pseudintermedius ED99 CP002478 5 58•422•186•88•113•197•262•229

S. saprophyticus subsp. saprophyticus ATCC15305 AP008934 6 57•422•186•201•197•222•40•230

RE-RasI

S. carnosus subsp. carnosus TM300 AM295250 5 494•405•357•146•152

S. epidermidis ATCC12228 AE015929 5 151•503•406•494

RE-TaqI

S. epidermidis ATCC12228 AE015929 5 77•144•361•907•65

S. haemolyticus JCSC1435 AP006716 5 63•124•14•769•361•144•79

S. lugdunensis N920143 FR870271 1/5 59•907•361•143•57

4/5b 63•907•361•144•42

S. saprophyticus subsp. saprophyticus ATCC15305 AP008934 6 62•907•361•146•79

RE-Tru9I

S. aureus RF122 AJ938182 1/5 497•104•278•86•136•25•19•410

4/5b 601•278•86•136•25•19•410

S. carnosus subsp. carnosus TM300 AM295250 5 601•277•86•136•25•19•410

S. epidermidis ATCC12228 AE015929 5 407•19•25•136•86•278•603

S. lugdunensis N920143 FR870271 5 601•278•86•136•25•401

S. pseudintermedius ED99 CP002478 5 601•278•86•136•454

Symbol (•) indicates RE site in the gene sequences
a Values represent restriction fragments (nucleotides)
b This pattern is not unique. It has been presented to indicate the RE digestion pattern of the rest of the rrs copies
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Clostridium, Vibrio, Streptococcus, and Yersinia [30–32,

34]. It must be emphasized that since recA is present in

many organisms, including Streptococcus, a close relative

of Staphylococcus, however, the RE digestion patterns do

not match with those of Staphylococcus species (Data not

shown). This approach has provided genes which can be

utilized as biomarkers for rapidly detecting Staphylococcus

strains [10, 12].
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4. Plata K, Rosato AE, Węgrzyn G (2009) Staphylococcus aureus as

an infectious agent: overview of biochemistry and molecular

genetics of its pathogenicity. Acta Biochim Pol 56:597–612

5. Kateete DP, Kimani CN, Katabazi FA, Okeng A, Okee MS,

Nanteza A, Joloba ML, Najjuka FC (2010) Identification of

Table 3 Staphylococcus genomes distinguished based on unique Gene: restriction endonuclease approach

Staphylococcus spp. Gene RE RE digestion patternsa

S. aureus TCH60 purH BfuCI 234•284•784•108•78

S.aureus T0131 61•266•401•370

S.aureus ED98 CviAII 208•207•33•222•98•8•44•477•63•72•47

S.aureus 11819-97 HpyCH4V 325•72•42•93•120•54•45•114•41•28•255•162•90•38

S.aureus 04-02981 argH BfuCI 123•123•114•1047

S.aureus Newman argR Tru9I 41•156•194•6•46•7

S.aureus JKD6008 41•105•51•36•90•20•48•6•46•7

S.aureus COL gyrB RsaI 425•45•46•190•164•270•318•477

S.aureus JKD6159 83•342•45•46•354•270•318•477

S.aureus Mu50 cysS AluI 675•442•15•399•160•137

S.aureus VC40 pyrE Tru9I 86•35•39•4•5•4•83•108•42•105•18•83

S.aureus MRSA252 recR Tru9I 32•117•11•205•50•64•119

S.aureus NCTC8325 argH BfuCI 81•15•123•114•1047b BfaI: 679•267•165•136•133

S.aureus USA300_FPR3757 BfaI: 458•221•267•165•136•133

Symbol (•) indicates RE site in the gene sequences
a Values represent restriction fragments (nucleotides)
b These two strains can be distinguished on the basis of additional RE(BfaI) digestion pattern

Table 4 Distinction of Staphylococcus genomes based on unique genes

Staphylococcus spp. Gene-RE: digestion patterna

S.aureus MW2 argH-BfuCI

81•138•114•1047

Unique geneb

seh

AluI: 1096•144•467

HpyCH4V: 121•123•233•249

Tru9I: 5•9•83•52•12•32•76•176•168•54•59

S.aureus MSSA476 –b

S.aureus Mu3 argH-BfuCI

96•135•118•1047

Unique genesc: bacA, dltX, dnlJ, fmt, graA, grab, graC, graD, graE, graF, graR, graS, mgrA, narQ,

Pfk, phdB, saeR, saeS, sak, sarA, sarH, sarR, sepA, tetM, tufa, yhcR, yhcS, yjbM, yrhB

S.aureus N315 Unique genesd: atl, clfA, fab, fdhD, fmtA, isdA, isdB, isdC, isdD,isdE, isdF, isdG, lig, lpl4, lysP, metB,

msrA, orfX, pdhB, pfkA, prfC, rnr, srtB, tuf, uppP

Symbol (•) indicates RE site in the gene sequences
a Values represent restriction fragments (nucleotides)
b S. aureus strains MW2 and MSSA476 can be distinguished by the presence of seh gene in the former strain
c,d Genes unique to these two strains respectively

70 Indian J Microbiol (Jan–Mar 2016) 56(1):64–71

123

http://dx.doi.org/10.1128/AAC.00579-09
http://dx.doi.org/10.1128/AAC.00579-09
http://dx.doi.org/10.1086/377239
http://dx.doi.org/10.1203/PDR.0b013e31819dc44d
http://dx.doi.org/10.1203/PDR.0b013e31819dc44d


Staphylococcus aureus: DNase and Mannitol salt agar improve

the efficiency of the tube coagulase test. Ann Clin Microbiol

Antimicrob 9:23. doi:10.1186/1476-0711-9-23

6. Gray B, Hall P, Gresham H (2013) Targeting agr- and agr-like

quorum sensing systems for development of common therapeu-

tics to treat multiple gram-positive bacterial infections. Sensors

13:5130–5166. doi:10.3390/s130405130

7. Kalia VC (2013) Quorum sensing inhibitors: an overview.

Biotechnol Adv 31:224–245. doi:10.1016/j.biotechadv.2012.10.

004

8. Kalia VC (2014) Microbes, antimicrobials and resistance: the

battle goes on. Indian J Microbiol 54:1–2. doi:10.1007/s12088-

013-0443-7

9. Kalia VC (2015) Microbes: the most friendly beings? In: Kalia

VC (ed) Quorum sensing vs quorum quenching: a battle with no

end in sight, Springer India, pp 1–5. ISBN 978-81-322-1981-1.

doi: 10.1007/978-81-322-1982-8_1

10. Sajid A, Arora G, Singhal A, Kalia VC, Singh Y (2015) Protein

phosphatases of pathogenic bacteria: role in physiology and vir-

ulence. Annu Rev Microbiol 69:527–547. doi:10.1146/annurev-

micro-020415-111342

11. Kalia VC, Purohit HJ (2011) Quenching the quorum sensing

system: potential antibacterial drug targets. Crit Rev Microbiol

37:121–140. doi:10.3109/1040841X.2010.532479

12. Koul S, Prakash J, Mishra A, Kalia VC (2015) Potential emer-

gence of multi-quorum sensing inhibitor resistant (MQSIR)

bacteria. Indian J Microbiol. doi:10.1007/s12088-015-0558-0

13. Iorio NL, Ferreira RB, Schuenck RP, Malvar KL, Brilhante AP,

Nunes AP, Bastos CC, Dos Santos KR (2007) Simplified and

reliable scheme for species-level identification of Staphylococcus

clinical isolates. J Clin Microbiol 45:2564–2569. doi:10.1128/

JCM.00679-07

14. Bennett RW, Lancette GA (2001) Bacteriological analytical

manual. Chapter 12 Staphylococcus aureus. BAM: Staphylococ-

cusaureus—Food and Drug Administration

15. Brown DF, Edwards DI, Hawkey PM, Morrison D, Ridgway GL,

Towner KJ, Wren MW; Joint Working Party of the British

Society for Antimicrobial Chemotherapy; Hospital Infection

Society; Infection Control Nurses Association (2005) Guidelines

for the laboratory diagnosis and susceptibility testing of methi-

cillin-resistant Staphylococcus aureus (MRSA). J Antimicrob

Chemother 56:1000–1018. doi:10.1093/jac/dki372

16. Francois P, Pittet D, Bento M, Pepey B, Vaudaux P, Lew D,

Schrenzel J (2003) Rapid detection of methicillin-resistant Sta-

phylococcus aureus directly from sterile or nonsterile clinical

samples by a new molecular assay. J Clin Microbiol 41:254–260.

doi:10.1128/JCM.41.1.254-260.2003
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