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Abstract

Staphylococcus aureus is one of the important pathogen often termed as superbug. After S. aureus interacting with host
innate immune system, it induces the release of pro- inflammatory cytokines like TNF-o and IL-1B from Immune cells.
In the current study, various strains of S. aureus and their cell wall lysates indicated cross reactivity with murine
cytokines ELISA antibodies. In cell wall lysates of S. aureus, various proteins are involved in this cross reactivity
phenomenon. This cross reactivity was exhibited in the form of unusual exaggerated signals while performing ELISA for
quantification of murine cytokines. The proteins of cell wall lysates among various strains of S. aureus were determined
using SDS-PAGE. To all of our data, it is revealed that unknown epitopes of S. aureus are involved in producing
exaggerated signals of cytokines during their quantification by ELISA. This was generated not only during interaction of
various strains of S. aureus with murine bone marrow derived macrophages (BMDM) but also in control settings where
cell free system was used in ruling out this cross reactivity phenomenon.
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MRSA infections. MRSA is responsible to cause
meningitis, empyema and lung abscess [7]. Among
neonatal intensive care units (NICU), MRSA is more
prevalent. It colonizes in infants and acts as reservoir
for other infants [8]. MRSA is a multi-drug resistant

INTRODUCTION

Staphylococcus aureus is an opportunistic
pathogen that colonizes among 20% of human
population. Its surface contains virulence factors in the

form of cell wall anchored proteins [1]. In Epithelium
of human anterior nares, Staphylococcus aureus is
present. Healthy individuals are carriers of
Staphylococcus aureus [2]. Bacteremia caused by S.
aureus has 82% mortality. It is also involved in deep
sealed infections and necrotizing pneumonia [3]. To
lyse host cells at low concentration, S. aureus consists
of pore forming toxins [4]. It also found to cause post-
surgical infections. Elective surgery has high risk to
possess this pathogen [5]. In food borne diseases, US
reported that S. aureus also present and contaminate the
food products with symptoms of Diarrhea, abdominal
cramp and vomiting. It is one of the important food
borne pathogen [6].

Methicillin resistant S. aureus (MRSA) is an
important antibiotic resistant strain of Staphylococcus
aureus. Prolonged hospitalizations, antibiotic use and
intensive care admission are commonly associated with

organism (MDRO). It is one of the cause of public
health problem. According to reports, transport
employees are at high risk to carry MRSA [9]. In
nursing homes, MRSA spreads ideally at these places,
people are living close to each other [10]. In MRSA, a
mobile genetic element Staphylococcal chromosomal
cassette (SCC) mec that carry both mecA and mecC
gene. It encodes novel penicillin binding protein
(PBP2a) [11]. Virulent determinants like Panton
valentine leucocidin, phenol soluble modulins (PSMs)
are also present in MRSA [12]. In healthy individuals,
MRSA infections were reported without symptoms
[13]. MRSA and MSSA are distinguished on the basis
of antibiotic susceptibility. The minimum resistance in
S. aureus has occurred due to mutation in a
chromosome encoded penicillin  binding protein
(PBP2a) [7]. During war injuries, high consumption of
antibiotics, lack of hygiene environment and
overcrowding MRSA infections occurs. Healthcare
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professionals are important sources of MRSA infections
[14]. Recent reports from clinical isolates of wounds
and blood suggested that there is a need to develop
good quality laboratories that isolate bacteria from
clinical samples [15].

There are two types of immune system,
adaptive and innate immune system. Innate immune
system is the first line of defense that coordinates with
adaptive immune response. Innate and adaptive immune
response consists of various components. NK cells,
macrophages, monocytes and dendritic cells are
important components of innate immune response. The
pathogen associated molecular patterns present on
pathogen interacts with patter recognizing receptors
present on immune cells. Both receptor and ligand
binds and activates a series of immune cells of host.
This recognition further activates pro-inflammatory
cytokines, TLRs and other factors [16]. Inflammosome
is a multi-protein entity that is activated by Toll like
receptors TLRs and ALRs. It activates pro-caspase into
caspase-1 that play important role during inflammation
and induce pro-inflammatory cytokines TNF-alpha and
IL-lbeta [17]. The immune response helps in
determining microbial location and pathogenicity [18].
Innate immune response is such type of immune
response that provides homeostasis during physical and
chemical barriers. During infection that caused by
pathogen, it provides protection to external structures
[19]. When foreign pathogen enters, innate immune
cells first encounter it. This entry of pathogen activates
innate immune response and immune system within
seconds respond to the infectious microorganism but
adaptive immune system required time for activation
[20]. Staphylococcus aureus recognized by pattern
recognizing receptors (PRRs). For recognition of
staphylococcal cell wall component TLR2 is specific
that identify major components lipoprotein and
peptidoglycan [11]. S. aureus evades host immune
responses, by using its virulence factors that facilitate
disease production. High level of cytolysins are also
produced by this pathogen [21]. NLRP3 exists in NLR
family of pattern recognizing receptors. This member
NLRP3 combines with adapter protein (ASC) and
causes the activation of caspase-1 by inflammasome
assembly. On the entry of pathogen immune response
cooperates with each other [22].

The present study describes that S. aureus cell
wall proteins are involved in cross reactivity with
murine cytokines. S. aureus has ability to cross react
with murine cytokines ELISA antibodies. To determine
this, cell wall lysates were prepared to infect the mouse
BMDM in addition to whole MRSA and MSSA. The
level of pro-inflammatory cytokines like TNF-o and IL-
1B in cell culture supernatants were also determined by
ELISA. In parallel with infected murine BMDMs, a cell
free system, without BMDMSs containing only whole
bacteria and bacterial cell wall lysates, also exhibited

the exaggerated level of cytokines. Moreover, this study
revealed the involvement of S. aureus cell wall protein
in cross reactivity with murine cytokines assays. It also
provided a new direction for better understanding of
immune response against S. aureus. It elaborated the
role of S. aureus cell wall protein as a cross reactive
molecule.

MATERIALS AND METHODS
Bacterial Strains Characterization

Nasal swab samples were collected from eight
healthy individuals of normal population. Among
bacterial isolates of nasal swabs, four were as MRSA
and rest four were MSSA. Those strains were grown in
tryptic soybean casein digest medium (TSB) at 37°C.
Isolated S. aureus strains were characterized through
biochemical tests. MRSA strains were designated as
MR12, MR13, MR18 and MR70 while MSSA strains
were referred as MS1, MS2, MS3 and MS4.

Antibacterial susceptibility testing

According to CLSI, by using Kirby-Bauer disc
diffusion method, antimicrobial susceptibility of S.
aureus strains were also determined [23]. The two
antibiotics like oxacillin and cefoxitin were used to
check the sensitivity of those strains on Mueller-Hinton
agar.

Preparation of cell wall lysate

Cell wall lysates were prepared according to
Wyke’s protocol [24]. Briefly, the strains of S. aureus
were cultured in appropriate medium. After that strains
were sub cultured to obtain specified cells density using
McFarland standard. At 600nm the optical density of
bacteria was adjusted to 0.257. The culture was
centrifuged in refrigerated centrifuge at 10,000 rpm for
20 min. The strains were washed with PBS buffer and
then sonicated in order to prepare cell wall lysate. After
sonication, cell wall lysates were suspended in Non idet
NP40 and potassium phosphate buffer. The complete
lysis of bacterial isolates was evaluated by culturing of
cell wall lysate preparation on MSA agar. The absence
of growth on MSA agar indicated the complete cell wall
preparation.

Preparation and infection of murine BMDM
BMDMs were prepared according to protocol
described in [25]. From healthy wild type mouse leg
bones (Tibias and femurs), bone marrow cells were
flushed out and cultured in specified medium IMDM
supplemented with 10% FBS and GM-CSF (20 ng/ml).
BMDM were incubated for 5 days in a humidified
incubator with 5% CO, at 37°C. In 96 well plates,
mature and differentiated BMDM were plated for
overnight. Those mature BMDM were then infected
with whole bacteria and cell wall lysates of both
(MRSA 12,13,18,70 and MSSA 1,2,3,4 respectively) at
multiplicity of infection (MOI) 1 for overnight. After
overnight incubation, supernatants from infected
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BMDMs were collected and used for further analysis in
the study.

Cell free system for whole bacteria and their cell
wall preparation

In this system, only RPMI medium with 10%
FBS but without penicillin and streptomycin was used
lacking BMDM. That system was inoculated with
whole bacterial cells and their respective cell wall
lysates for overnight. System was run in parallel with
the BMDM medium in order to rule out phenomenon of
Cross reactivity.

ELISA

The quantification of cytokines like mouse
TNF-a and IL-1p were determined through ELISA kit
instructions (Ebioscience, USA). Those ELISA Kits
were used to quantify murine cytokines induced by
bacterial infection in BMDM. Similarly, in cell free
system (containing only bacterial cells), the level of
cytokines were also identified.

SDS-PAGE

The cell walls lysates of MRSA and MSSA
were analyzed by sodium dodecyl acrylamide gel
electrophoresis. The protocol to perform SDS-PAGE
mentioned in (SDS-PAGE BIORAD). Sampleso f S.
aureus cell wall lysates (whole strains pellet) were
suspended in buffer (200ul PBS+Non idet NP40) and
5ul of loading dye was added in each strain. Samples
were subjected to heat shock at 95°C for 5 minutes. The
resolving gel (15%) and 2ml stacking gel were prepared
and allowed to polymerize for 30 to 45minutes. Gel was
poured in casting tray and SDS-PAGE BIORAD
apparatus filled with gel running buffer. Samples of cell
wall lysates were loaded in each well along with
commercially prepared (pre stained protein).
Electrophoresis chamber was connected with power
supply for 1h. After 1h, electric supply was powered off
and gel was stained with staining agent as mentioned in
protocol and then gel was de-stained with destainning
agent for overnight. After destainning of gel, protein
bands on gel was observed.

RESULTS
S. aureus strains induced mouselL-1§ after BMDM
infection

After the infection of S. aureus strains (MRSA
12, 13, 18 and 70 MSSA 1, 2, 3, 4) and their cell wall
lysates with BMDM, ELISA determine the level of
cytokines IL-1p. It was observed that in BMDM after
infection, the whole bacteria and their cell wall lysates
induced cytokines in a variable manner and each strain
and cell wall lysate respond in a different way.

Determination of mouse TNF-a induced by S. aureus
in BMDM

After infecting BMDM, strains of S. aureus
and cell wall lysates also induced TNF-o (murine

cytokines). It was observed that secreted level of TNF-a
was low. Each MRSA and MSSA strain showed the
level of cytokines in a specific range.

S. aureus induced high level of mouse IL-1§ in cell
free system

Cell free system consists of only whole
bacteria of S. aureus strains and their cell wall lysates.
That was used as a control to determine without
BMDM, for the quantification of secreted cytokines.

ELISA determine high level of mouse TNF-alpha in
cell free system

In the case of control, cell free system which
was without murine BMDM, mouse TNF-o was also
determined by ELISA upon inoculation with whole S.
aureus strains and their respective cell wall
preparations. Strains of S. aureus also induced pro-
inflammatory cytokines TNF-a. In BMDM, cytokines
level was different as compared to cell free system.

Quantification of S. aureus cell wall protein by SDS-
PAGE

S. aureus strains that induced pro-
inflammatory cytokines and higher level in cell free
system. The proteins that were present in cell wall
lysates induced these pro-inflammatory cytokines TNF-
a and IL-1B. For this, the cell wall lysates were
analyzed by SDS-PAGE for the determination of
protein concentration in cell wall lysates, Moreover, the
bradford assay was also used for quantification of
protein in the cell wall lysates samples (data not
shown). Both MRSA and MSSA, cell lysates whole
bacterial pellet with loading dye as a sample was
prepared. Pre-stained ladder determined the molecular
weight of protein.

DISCUSSION

This study was conducted in order to identify
the involvement of Staphylococcus aureus cell wall
proteins that play important role in cross reactivity of
murine cytokines assays. MRSA is one of the important
medical pathogen responsible for many type of
infectious diseases but with the increase in resistance of
antimicrobial activities, this superbug also adapted
evasion mechanisms to evade the host immune
response. These immune cells also develop various
kinds of host immune response. When S. aureus
invades the host, the host immune cells in response to
pathogen, secrete pro-inflammatory cytokines like
TNF-a and IL-1B. This study has suggested that there
are various unknown proteins present in cell wall of
Staphylococcus aureus, responsible for this host
pathogen interaction. Various MRSA and MSSA strains
of S. aureus were selected from normal healthy
individuals, we used these strains as a whole as well as
their cell wall lysate preparation in order to rule out
their potential involvement in cross reactivity with
murine cytokine assays.
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Recently, it has been suggested that S. aureus
cell wall proteins can be involved in cross reactivity of
murine cytokines. It also has the ability to activate the
pro-inflammatory cytokines like TNF-o and IL-1f. S.
aureus cross react with murine cytokines ELISA
antibodies which could be source of virulence [26].

To determine the involvement of protein we
selected the strains of S. aureus MSSA and MRSA.
Cell wall lysates from these strains were prepared and
using protocol, we analyze the whole strains and cell
wall lysates. ELISA results have shown that MSSA
among all strains induced higher level of IL-1p but their
cell wall lysates showed less amount of IL-1 as shown
in (fig 3.1). These findings suggest that there is a cross
reactivity that has occurred and production of
exaggerated pro-inflammatory cytokines. Interestingly,
it was observed that as compared to MRSA, MSSA
have more capability to induce cytokines in case of
BMDM which is evident of base line level of cytokines
from BMDM induction in addition exaggerated signals
of cytokines. According to studies, for host
inflammatory response, the release of IL-1p is
necessary and it is one of the important pro-
inflammatory agent [27]. In case of TNF-a (as shown in
Fig-2), there were similar results like in IL-13. Among
all strains, MS4 have higher level of TNF-a. MS4
consists of factors (protein) which stimulates the
production of pro-inflammatory cytokines and could be
involved in cross reactivity with ELISA antibodies. It
has been studied that in murine model of osteomyelitis,
S. aureus has capability to induce higher level of pro-
inflammatory cytokines TNF-o and IL-1p [28].

In Fig 1 & 2, we didn’t observe the induction
of inflammatory cytokines by MRSA cell wall lysates.
It indicated that in these cell wall lysates there were no
involved proteins that could cross react with pro-
inflammatory cytokines. During S. aureus cell wall
preparation, the absence of cross reactive signals is due
to loss of potential cross reactive factor. In cell free
system, we observed higher level of TNF-a and IL-1p.
In Fig-3, it was observed that without BMDM cells,
bacterial strains induce fake signals of pro-
inflammatory cytokines TNF-a and IL-1f. Interestingly
on comparison it was identified that MR strains also
induce fake signals of IL-1p but MS3 and MS4 secretes
higher level of IL-1p.

MRSA and MSSA strains along with their cell
wall lysates showed strong induction of TNF-a. As
there were no BMDM cells (Fig-4), each strain of S.
aureus has higher potential for TNF- o secretion. These
findings apparently indicated that it is cross reactivity
but infact, these are fake or exaggerated level of
cytokines. Recent studies determined that MRSA also
have ability to induce higher level of pro-inflammatory
cytokines. S. aureus showed similar level of TNF-o in
earlier studies [26]. Our data indicated that MS4 was a

strong inducer of both IL-1B and TNF-o during BMDM
infection with MS4. Moreover, the exaggerated signals
for both IL-1p and TNF-o were observed in cell free
system with MS4 which is indicative that MS4 has the
ability to cross react with pro-inflammatory cytokine
ELISA assays.

To induce pro-inflammatory cytokines,
according to observation there were some factors that
were responsible. For this purpose, we analyzed
bacterial cell wall lysates by SDS-PAGE because at this
stage we were not sure that it was protein in crude
extract cell wall lysates. As in Fig 1 & 2, there were no
induction of cytokines by cell wall lysates, it could be
possible that proteins in cell lysate were degraded. In
order to confirm the presence of proteins in cell wall
extract, the Bradford assay was used to measure
concentrate of protein in samples using bovine serum
albumin as a standard [29].

We observed bands of S. aureus proteins
having molecular weight in range of 72 to 55 kDa. We
observed bands of MR13, 18 and MR70. In (Fig-5),
MS1 and MS2 showed bands but in MS3 and MS4,
there were no bands. In comparison of both SDS PAGE
and ELISA results, we observed that the S. aureus
strains showed protein bands on SDS PAGE and that
protein could be responsible for cross reactive signals
of pro-inflammatory cytokines. Rather than MRSA,
MSSA also have ability to generate high level of pro-
inflammatory cytokines like IL-1p and TNF-a. Earlier
studies also identified proteins from cell wall lysates by
using both techniques ELISA and SDS PAGE [30].

MOI of bacteria is the main cause of pro-
inflammatory cytokines induction. In dose dependency,
there is a contradiction that use of antimicrobial agents
started to kill bacteria instead of preventing host
response [31]. For infection, dose is important. Our data
suggested that bacterial strains and their cell wall
lysates cause the release of pro-inflammatory cytokines
and protein in the cell wall lysates acts as a cross
reactive molecule. However, according to reported data,
S. aureus has involved in NLRP3 inflammosome
activation [32].
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Fig-1: Determination of mouse IL-1, after infecting
murine BMDM with whole bacterial strains and lysates
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Fig-2: Determination of mouse TNF-a, after infection of
BMDM with S. aureus strains and their lysates
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Fig-3: In cell free system without BMDM culture cells,
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and supernatant was estimated for mouse IL-1p by ELISA
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Fig-4: Determination for TNF-a, each strain of Whole
bacteria MRSA and MSSA with their lysates in ELISA

L
Fig-5: Lane 1. Ladder; 2. Pooled sample MR 12; 3. Pellet
MR 12; 4. Pellet MR 13; 5. Pellet MR 18; 6. Pellet MR 70;
7. Pellet MS 1; 8. Pellet MS2; 9. Pellet MS3; 10. Pellet
MS4

CONCLUSION

The present study was designed to test the
hypothesis that S. aureus has ability to cross react with
murine cytokines assays. As S. aureus have some
unknown epitopes that cross react with ELISA
antibodies used for murine cytokine assays. Our data
indicated that upon host pathogen interaction there is
cross reactive molecule present expectedly in the cell
wall of pathogen to interact with the pro-inflammatory
cytokines. In conclusion, our study indicates that S.
aureus strains and their cell wall lysates consists of
various proteins that could cross react with murine
cytokines. Various assay techniques also verified the
presence of protein and their involvement as a cross
reactive molecule. In future further identification and
purification of those cross reactive molecule will be
helpful to explain their role and significance. Moreover,
it would also be able to understand the host immune
evasion strategies by S. aureus.
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