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Abstract

Search for rapid, accurate and sensitive method of detection for pathogen such as Staphylococcus aureus (S.aureus) has
become a challenge to food and pharmaceutical industries. Our present work is a study on molecular methods of detection of
food borne pathogen, S.aureus NCIM 2602. Studies showed that protein A (SpA) antigen of S.aureus actually contributed to
the resistance of the organism to phagocytosis and opsonization. SpA was detected and the interaction between the SpA
antigen and mammalian 1gG was confirmed by Western blot and Enzyme linked immunosorbent assay (ELISA). Further, the
technique was successfully applied to artificially contaminated food samples like milk, meat, and cheese with an inoculation
level of 100 CFU/ml of S.aureus. Polymerase chain reaction (PCR) was also applied for the identification of the gene coding
for SpA (spa) for the current strain. These techniques would be useful in analyzing safety of food samples especially meat

and dairy based products which are prone to contamination.
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Introduction

The genus Staphylococcus includes pathogenic microorganisms
in which Staphylococcus aureus (S.aureus) is the most
important'. It has been reported that S.aureus was involved in
many documented outbreaks of food borne poisoning” and has
been estimated to cause much illness, hospitalizations and even
deaths per year all from consumption of contaminated foods’
Hospital infection by Staphylococcus aureus deserves special
attention because of their resistance to various antibiotics and
chemotherapeutic agents’. However, mostly used industrial
methods for detection and quantification of this pathogen such
as plate count, most probable number (MPN) determinations etc
are not sensitive, rapid and reproducible enough. Therefore the
research worker nowadays are undertaking studies of the
characteristics of the microorganism that can survive even in
pesticide contaminated site’ at the molecular level towards
generating informations and data desired for successful
fabrication of rapid molecular methods of detection. From the
previous serologic analyses, it has been shown that the S.aureus
has a large number of agglutinogens. Treatment with proteolytic
enzymes indicates that majority of these agglutinogens are
proteins®. Protein A (SpA) from S.aureus cell wall is one such
example, which is having such receptor’. SpA which is present
on the surface of the cell wall, makes up almost 7% of the cell
wall® and is present in around 95% of all pathogenic strains of
S.aureus’. The molecular size ranges from 50-60 kDa'®"?. It
has got very high affinity for binding to Fc region of
Immunoglobulin G (IgG)", contributing to the resistance of the
organism to phagocytosis and opsonization. SpA helps inhibit
phagocytic engulfment and acts as an immunological disguise.
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Mutants of S.aureus lacking SpA are more -efficiently
phagocytosed in vitro'*. It activates complement'” and induces
delayed and immediate hypersensitivity reactions'®. S.aureus
expresses the zymogen staphylokinase that cleaves human
plasminogen into active plasmin in turn IgG is cleaved. Thus it
inhibits the recognition of the pathogen by Clq, initial
component of the classical complement activation pathway'”'®,
In recent times, different strains of S.aureus have caused
increasingly severe problems of nosocomial infection as well as
community acquired diseases'® and is a leading cause of
gastroenteritis resulting from the consumption of contaminated
food. Common foods which get easily contaminated are: milk,
cheese, meat, chicken, fish, raw vegetables, fruits, etc. Due to
staphylococcal food poisoning onset of different symptoms arise
such as abdominal cramps, nausea, vomiting along with
diarrhea®. The traditional methods of detection need around 1-2
days for the target pathogen to be identified. Ever since these
traditional methods evolved into molecular diagnostics rapid
and accurate identification has been possible* >,

The identification and quantification of cell wall protein, SpA of
pathogenic strain like S.aureus NCDO 949, NCDO 1022 and
NCDO 2044 have been proved to be useful in determining the
specific immunogenic property of S.aureus from pure culture as
well as food samples®. Analyzing those studies, in the present
work, we have tried to find the applicability of molecular
methods to detect the presence of the cell wall protein, SpA in a
specific pathogenic strain S. aureus NCIM 2602 with which no
reported study available yet. The study was made with food
samples like milk, meat and cheese procured from local market
in Kolkata, India. The interaction between SpA antigen and
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antibody was detected by western blot analysis and colorimetric
amplified enzyme linked immunosorbent assay (ELISA).The
polymerase chain reaction was successfully applied for the
sensitive detection of bacteria by nucleic acid amplification
method.

Material and Methods

Bacterial strain and Culture conditions: Pure cultures of
Staphylococcus aureus (S.aureus) NCIM 2602 was procured
from National Collection of Industrial Microorganisms (NCIM),
National chemical Laboratory (NCL) (Pune, India). The culture
was maintained on slopes of nutrient agar (beef extract-10.0g,
NaCl-5.0g, peptone-10.0g, Agar-20.0 g/ L D/W) by monthly
subculture and storage at 4°C. Broth cultures were obtained by
overnight (18 h) growth in sterile nutrient broth at 37°C.
Enumeration of test bacteria was done by colony counting
method after incubation at 37°C for 18 h.

Food samples: Milk was procured from Mother Dairy, Kolkata,
cheese (Amul, Gujarat) and goat meat (local market, Kolkata).

Bacterial Growth and Harvest: A loopful of bacteria was
inoculated into a 50 ml liquid broth and incubated for 18 h at
37°C with shaking. Liquid culture was harvested by
centrifugation at 2,000g for 10 min (Model-Hanil, supra 22 K).
All harvested cells were washed twice with 10 ml of cold 0.9%
NaCl for 1 min. Cells were collected by recentrifugation at
7,000 g for 20 min®.

Extraction and purification of Cell wall Protein With
Lysostaphin: Pellets obtained were suspended in 1.2 ml of
digestion buffer (30% raffinose in 1.2 ml of 0.05 M Tris (pH-
7.5) with few drops of 0.145 M NaCl to which 200ug of
lysostaphin (Sigma, 625.4 units/mg protein) and 20ug of DNase
I (Fermentas, 1 u/ul) were added, iodoacetamide and
phenylmethylsulfonylfluoride (PMSF) were added further to
yield a final concentration of Img/ml and 1 mM/ml
respectively). The cell mixture was allowed to react for 1 h at
37°C with gentle shaking followed by centrifugation at 8,000 g
for 10 min to remove the protoplasts and the supernatant was
recentrifuged®. Supernatant was collected and centrifuged with
centrifugal filter devices (Amicon ultra, Millipore) for further
purification. The cell wall antigen was stored at — 70°C for
future work.

Isolation of Protein from Food sample: Food samples (10 ml
or 10 gm) were inoculated with 0.1 ml from overnight grown
broth culture of S.aureus (~108CFU/m1) and incubated
overnight. To 10 ml of S.aureus inoculated food samples, 90 ml
of sterile 0.01M sodium citrate buffer (pH 6) containing 0.05%
(vol/vol) tween 20 was added and homogenized for 2 min. The
food samples were later diluted with sterile 0.01M sodium
citrate buffer (pH 6) to prepare various concentration grades and
the test samples were boiled for 15 min to denature endogenous
enzymes and to liberate protein A from the cell envelop™.
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Assay of isolated Protein sample: Total protein content present
in the cell wall antigen was estimated by standard Lowry
method™.

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE): Protein electrophoresis has been of great value in
bacterial classification and identification'®. Molecular weight of
cell wall protein A (SpA) antigen was further analysed through
sodium dodecyl sulfate - polyacrylamide gel electrophoresis
(SDS-PAGE) with 7.5% gel composition using mini-protean
tetra cell (Biorad, USA) by the method of Laemmli*’. Sample
buffer was boiled for 5 min before being loaded onto the gel.
The molecular weight of protein sample was determined by
comparing with prestained molecular weight marker
(fermentas).

Western Blot or Enzyme-linked Immunoelectrotransfer
Blot: Cell wall proteins of S.aureuswere separated on 7.5%
SDS-PAGE and the bands were then transferred to PVDF
(polyvinylidinedifluoride) membrane in mini trans blot cell
(Biorad). 5% skimmed milk was added to the membrane, which
was used as a blocking agent to which primary antibody (anti-
protein A antibody developed in rabbit, Sigma) was added
further to bind and thereby recognize protein A antigen.
Dilution was maintained for antibody and skimmed milk at
1:1000 pl. Membrane was incubated overnight in the cold room
with shaking. Again the membrane was washed thrice with
PBST followed by PBS. Secondary antibody (anti-rabbit,
developed in goat alkaline phosphatase (AP) conjugate, Santa
Cruz Biotechnology, 200 pg/0.5 ml) diluted with PBS
(phosphate buffer saline) in the ratio of 1:5000 pl and incubated
for 90 min. Again the membrane was washed with PBST
(phosphate buffer saline tween- 20) and PBS. The bands were
detected  with  BCIP/NBT  (5-bromo-4-chloro-3-indolyl
phosphate/nitro blue tetrazolium) which acts as the substrate for
alkaline phosphatase conjugate®.

Colorimetric amplified enzyme linked Immunosorbent assay
(ELISA) Method: Human IgG (200 pl of 5 pg/ml) in PBS (pH
7) was added to the wells of 96 well flat bottom polystyrene
microtitre plates (Nunc-immunoplate) and allowed to adsorb by
overnight incubation at 4°C. The plates were washed with PBST
thrice. 0.5% BSA was used as blocking agent and added to each
of the wells, incubated for 1 h and again washed with PBST
thrice. Purified protein A was used as the test antigen prepared
in 0.01 M sodium citrate buffer (pH- 7.5) containing 0.05%
(v/v) tween 20. Test antigen (200 pl) was pipetted into the
microtitre plate wells and incubated for 1 h at 20°C with gentle
shaking. Control contained 0.5% (w/v) BSA in PBS. Again, the
plate was washed with PBST thrice, 200 ul of rabbit anti-protein
A antibody (5 pg/ml) in PBST was added to each well and
incubated for 1 h at 20°C with gentle shaking. Wells were
washed thrice with PBST, 200 pl of anti-rabbit IgG — alkaline
phosphatase conjugate (1.2 ug/ml) in PBST was added to each
well and incubated with shaking for another 1h. After wells
were washed with PBST, 80 ul of substrate, NADP*
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(nicotinamide adenine dinucleotide phosphate) (SRL) (240
pg/ml in 50 Mm diethanolamine hydrochloride buffer, pH- 9.8
was added to each well and the plates were incubated for 15
min. Amplifier solution containing 200 pl of 25 mM PBS (pH-
7.2) containing 40 pl of ethanol/ml, 300 pg of p-—
iodonitrotetrazolium violet (INT)/ml (Amresco), 150 pg of
diaphorase/ml (Sigma, 7.8 units/mg protein) and 150 pg of
alcohol dehydrogenase/ ml (SRL, 382 units/mg protein) was
added to each well and further incubated for 30 min at 20°C.
Color developed by formation of formazan was measured
spectrophotometrically at 492 nm using a microplate reader
(Model 680, Biorad) immediately after incubation period was
over”. Similar assay procedure was applied for food samples
inoculated with S.aureus NCIM 2602 as well as food sample
naturally contaminated with S.aureus and further examined for
the presence of test bacteria by plate counts and the MPN
method. The minimum concentration of protein A subjected to
the assay was 50 ug/ml which corresponded to approximately
100 CFU/ml.

Sample preparation for PCR: Isolation of DNA from
S.aureus: From pure culture of S.aureus, for extraction of DNA
cells were harvested from the overnight grown culture by
centrifugation at 8000 rpm at 10°C for 15 min and the
supernatant was discarded” (some modifications have been
made to the protocol). The pellet was washed twice with normal
saline and centrifuged at 8,000 rpm at 10°C for 15 min. 0.5 ml
of 10 mM tris-HCI (pH 8) and 2.5 mg/ml of lysozyme was
added and incubated at 37°C for 1 h. Then 1 ml of lysis buffer
(50 mM tris, 100 mM EDTA, 1% SDS pH 8) and 1 mg/ml of
proteinase-K was added. Mixed gently and incubated at 50°C
for 1 in a water bath. Digestion with proteinase-K was followed
by addition of 1 ml of phenol: chloroform (1:1). Mixed gently
for 2-3 min and centrifuged at 10,000 rpm at 4°C for 15 min,
transferred the upper layer in a fresh sterile tube and extracted
with chloroform: isoamyl alcohol (24:1) by the centrifugation at
10,000 rpm at 4°C for 15 min and the step was repeated again.
Supernatant was taken and 50 ul of 5 M NaCl and twice volume
of 75% of ethanol was added and left till the precipitation
settled down for overnight. Then centrifuged at 10,000 rpm at
4°C for 15 min and decanted the supernatants and air dried the
pellet. 50ul of TE buffer (depending upon the size of DNA
pellet) was added for re-suspension of DNA and incubated the
DNA at 37°C in a water bath for 1 h for the inactivation of DNA
degrading enzymes.

For artificially contaminated milk sample, 0.1 ml of fresh broth
of S.aureus (~10°CFU/ml) was added to 10 ml of milk sample
and incubated at 37°C for 18 h. DNA was extracted by
centrifugation and followed the same procedure as of pure
culture and obtained the S.aureus artificially contaminated DNA
product. For naturally contaminated milk sample, milk was kept
at 4°C for overnight. Then 10 ul of one day old milk sample was
plated on Mannitol salt agar media (MSA) (Himedia), selective
media for S.aureus and incubated at 37°C for 18 h. Next day
colonies were observed on MSA plate. Loopful of bacteria was

International Science Congress Association

ISCA J. Biological Sci.

added to nutrient broth and incubated at 37°C with shaking for
overnight. From the overnight grown culture, DNA was
extracted following the same procedure as mentioned above and
all the three samples were subjected to PCR and agarose gel
electrophoresis.

Primer Design: The spa gene size was approximately 2.15
Kb*. Table 1 shows the primer sequence designed by using
primer 3 for the PCR to be performed”'.

Table-1
PCR primers used in the study

Gene Primer Sequence (5'-3') Product
size
spa Forward CGGCACTACTGCTGACAAAA 09b
Reverse AACGCTGCACCTAAGGCTAA p

PCR: The DNA obtained was amplified by PCR in 50 pl vials.
To the 50 pl vials, 2 pl of 10X PCR buffer, 0.8 ul of 2.5mM d
NTP, 2 ul of 25 mM MgCl, , 0.1 ul Tag DNA polymerase (5
unit/ pl), 12.1 ul of double distilled water, forward primer 0.5
pl, reverse primer 0.5 pl and 2 pl DNA sample was added to
obtain the final product. Final working volume was 20 ul. The
program was run in M J Mini thermal cycler (Biorad) at 94°C
for 5 min for an initial denaturation, followed by 35 cycles of
DNA denaturation at 94°C for 45 s, annealing at 58°C for 45 s
and extension at 72°C for 1 min. After 35 cycles were over, the
thermal cycler was set at 72°C for 7 min for final extension.

Agarose gel electrophoresis: PCR products were subjected to
electrophoresis on a 1.5 % agarose gel, visualized under UV
light and gel image was documented further in gel
documentation system (Uvipro, platinum). A 1Kb plus DNA
ladder ranges from 20 Kb to 75 bp (Fermentas) was used as
marker to indicate the size of amplicon.

Results and Discussion

Cell wall Protein separation by SDS-PAGE: After estimation
of the total protein content by Lowry method, the protein
antigen sample was loaded to the wells of 7.5% gel. Figure-1
shows the presence of cell wall protein bands through SDS-
PAGE analysis and the bands obtained were compared with
prestained molecular weight marker and it has been found the
presence of protein A was between 86 and 47 kDa.

Identification of Protein A by Immunoblot: For further
identification of SpA from S.aureus after resolving through
7.5% gel, bands were transferred from gel to the PVDF
membrane. Figure- 2 shows lysostaphin extract of cell wall
protein, SpA probed with primary and secondary AP conjugate
antibody by immunoblot.

ELISA: By applying the enzyme amplification system,
sensitivity of the detection method was improved. Nicotinamide
adenine dinucleotide phosphate (NADP") was dephosphorylated
to nicotinamide adenine dinucleotide (NAD") which
catalytically activated a secondary enzyme system consisting of
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a redox cycle driven by the enzymes alcohol dehydrogenase and
diaphorase. NAD* was reduced by ethanol and the NADH so
formed reduced a tetrazolium salt to regenerate NAD* and to
produce an intensely coloured formazan dye™. Figure- 3(a) and
3(b) shows the linear relationship between formazan formation
and increasing SpA concentration at Ayg,, obtained from pure
culture as well as food samples inoculated with S.aureus. All
measurements were done in triplicate (n = 3) and data points
were presented as mean + S.D, p<0.05.

1

120 kDa -
]

286 kDa

2

Protein &4 ——»

A7 kDra

24 k=

26 kD=
200 kO

Figure-1
SDS-PAGE (7.5% Gel) of cell wall lysostaphin extract from
Staphylococcus aureus. Lane 1 shows marker; lane 2, protein
extract from S.aureus NCIM 2602
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Bands for Protein A

Figure-2
Western Blot/Immunoblot of cell wall extract of
Staphylococcus aureus probed with primary and secondary
antibody

PCR and Agarose gel electrophoresis: Figure- 4 shows
agarose gel electrophoresis of spa gene amplification products.
Lane 1 shows ladder, lane 2 with pure culture of S.aureus, lane
3 contained S.aureus artificially contaminated milk sample and
lane 4 had naturally contaminated milk sample. The bands
obtained after gel electrophoresis for the amplified products
from pure culture (S.aureus NCIM 2602), food sample
artificially contaminated as well as naturally contaminated with
S.aureus were nearly at 200bp.

In figure-1, since the band obtained for protein extract from
S.aureus NCIM 2602 varying between 86-47 kDa, which goes
well with the molecular size of standard cowan I SpA, suggests
the bands represent SpA only. For figure- 2, the bands on the
membrane incubated with primary antibody and skimmed milk
at 1:1000 pl, the skimmed milk blocked the sites where the
antibody did not bind to the antigen to avoid nonspecific
binding between antibody and antigen. Further addition of anti-
rabbit IgG AP conjugate secondary antibody allowed the
detection to be easier and specific. SpA showed strong binding
by color development within 30 min after addition of the
substrate (BCIP/NBT) in AP buffer and the bands became
prominent. This suggests that the protein of interest i.e SpA
from S.aureus NCIM 2602 had strong IgG binding properties
similar to that of other standard S.aureus strain containing
SpA™®.

pure culture of S.aureus

Absorbance at 492 nm

T T
150 200

o

T T
250 300

Concentration (ug/ml)

Figure- 3(a)
Relationship between Formazan formation (measured at 492 nm) and Protein A concentration from pure culture of
S.aureus NCIM 2602
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inoculated milk
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Figure- 3(b)
Relationship between Formazan formation (measured at 492 nm) and Protein A concentration from S.aureus NCIM 2602
inoculated food samples milk, Cheese and meat

20000 by
10000 by

1000 bp

£00 hp

200 bp

Figure- 4
Electrophoretic analysis of PCR amplified products, Lane 1 Molecular weight marker, lane 2 Pure culture of S.aureus
NCIM 2602, lane 3 artificially contaminated milk sample by S.aureus NCIM 2602, lane 4 naturally contaminated milk
sample by Staphylococcus strain

When the above mentioned ELISA method for protein A
quantification was applied to pure culture as well as
contaminated food samples quite similar results were obtained
for all the samples. NADP" acts as the substrate for alkaline
phosphatase conjugated secondary antibody which releases
NAD" and in presence of amplifier solution gets reduced to
NADH. NADH by releasing electron to p-iodonitrotetrazolium
(INT) gives the red colored product formazan.The linear
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relationship between formazan formation (A4y) and protein A
concentration was good. With application of increasing
concentration of protein (SpA), more binding between Ag and
antibody occurred. Consequently, there was more of NAD* and
NADH production leading to increasing response with INT at
Ay9p nm. Figure- 3(a) shows R? value of 0.98 for protein A from
pure culture and figure- 3(b) shows R? values of 0.99, 0.98 and
0.95 for S.aureus inoculated milk, cheese and meat respectively.
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It was obvious from figure- 3(a) and 3(b) that the R? value for
SpA from pure culture was close to that of other food samples
inoculated with S.aureus which proved that food constituents
did not interfere much with the sensitivity of the assay. In
addition, plate counts and MPN determinations for S.aureus also
supported the above given results. Thus this amplified ELISA
method was reproducible for quantification of the particular
strain of S.aureus containing protein A antigen and would be
applicable to all other strains of Staphylococcus aureus
containing cell wall protein A.

In figure- 4 since the bands obtained after gel electrophoresis
from the amplified products for pure culture (S.aureus NCIM
2602), food sample artificially contaminated as well as naturally
contaminated with S.aureus were found nearly at 200bp, it may
be assumed that the sample of lane 4 containing the strain
isolated from one day old milk sample also expressed the same
gene coding for protein A i.e spa gene. Therefore it may be
concluded that more studies can be done by designing new
primers specific for a wide range of pathogenic microorganisms
whose early detection would be beneficial to resist many deadly
diseases.

Conclusion

Staphylococcus aureus has been recognized as a frequent
pathogen in human and animal infections. The investigation for
the presence of such microorganism both qualitatively and
quantitatively is very much necessary to maintain the quality
and safety of food and pharmaceutical products. In addition this
study may lead to fabricate quick, sensitive (for the present
study detection limit was 100 CFU/ml for Staphylococcus
aureus NCIM 2602) and reproducible detection method of
pathogen substituting the prevailing conventional, extended,
labour intensive and sometimes low precession method of
detection of the pathogens. This will ultimately save time and
energy resources of food and other allied industries.
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