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a b s t r a c t
Staphylocoagulase, a protein produced by S. aureus, play major role in blood coagulation and investigations are in advance to discover more staphylocoagulase producing species. The present study
demonstrates the identiﬁcation of a coagulase producing bacteria and isolation, puriﬁcation and characterization of the protein. The bacteria was identiﬁed using 16S rDNA sequencing and phylogenetic
investigation, classiﬁed the bacteria as Staphylococcus sp. MBBJP S43 with Genbank accession number
KX907247. Tube test and Chromozym TH assay were used to study enzyme activity and comparison
was made with ﬁve standard coagulase positive strains. The SEM images of the ﬁbrin threads provide
evidence of coagulation. The optimum temperature for enzyme activity was 37 ◦ C and pH of 6.5–7.5.
Glucose and lactose as a carbon source and ammonium chloride as nitrogen source greatly inﬂuenced
the bacterial growth. Staphylocoagulase has been puriﬁed to homogeneity (766 fold) by 80% (NH4 )2 SO4
precipitation, Sephadex G–75 gel ﬁltration, DEAE anion exchange chromatography, and HPLC using C18
column. SDS PAGE revealed the molecular weight of the protein to be approximately 66 kD and FTIR
spectra of the puriﬁed protein demonstrated the presence of ␣ helical structure. Present study revealed
that the Staphylococcus sp. MBBJP S43 strain is a potential staphylocoagulase producing bacteria.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction
Staphylocoagulase as the name implies is a blood clotting protein molecule well known for its production by the bacteria,
Staphylococcus aureus [1,2]. S. aureusis a pathogenic bacterium
causing infection which begins through the adhesion of techoic
acids present in the bacterial cell wall to the endothelial cells of host
organism with the help of its extracellular proteins, such as Willebrand factor-binding protein and staphylocoagulase. This adhesion
process causes the coagulation of blood which is initiated by the
non proteolytic conversion of prothrombin into an active enzyme
staphylothrombin that acts upon ﬁbrinogen to form ﬁbrin threads
[3]. Thus the clot forms an apparent ﬁbrin barrier which protects
the bacteria from degrading inside the host [4]. This reaction was
observed even in the absence of calcium and the presence of anti-
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coagulants, such as ethylene-diamine tetra acetate, sodium citrate,
etc.
Thus the protein can be used as an important agent in conditions
where blood coagulation is completely impaired.
The production of staphylocoagulase was considered as a unique
characteristic of S. aureus and it was also used as a marker for identiﬁcation of S. aureus strains [5,6]. However after a few years certain
other species of Staphylococcus have also been found to produce
staphylocoagulase, such as S. intermedius, S. delphini, S. shleiferi,
etc. Investigations are still in process to detect the other species
of Staphylococcus that produce staphylocoagulase. In our earlier
study we have also reported the production of staphylocoagulase
by the Staphylococcus sp. which has been found in the banks of river
Brahmaputra [7]. So far no study has been carried out to purify
the active fraction of staphylocoagulase and examine its enzyme
activity among different Staphylococcus sp. except S. aureus. The
study for the ﬁrst time has been carried out to purify and examine the enzyme activity of staphylocoagulase in the Staphylococcus
sp. MBBJP S43. Results have also been compared with ﬁve other
standard coagulase positive (CoPS) S. aureus strains. Puriﬁcation
of the active fraction in each step has been achieved by monitor-
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ing the enzyme activity using an in vitro bioassay system where
Chromozym TH was used to detect the enzyme substrate complex
formation.These ﬁndings will be helpful in investigating the role
of microbial proteins in modulating the blood clotting system in
health and disease.
2. Materials and method
2.1. Chemicals and equipment
Brain Heart Infusion (BHI) Broth was obtained from Accumix,
Tulip Diagnostics, Maharashtra, India. All HPLC solvents and
SDS PAGE chemicals were obtained from Merck,Kenilworth, New
Jersey. All other chemicals were purchased from Sigma Chemical
Co. (St. Louis, MO) unless otherwise mentioned.
2.2. Bacterial strains
A strain of Staphylococcus sp. (S43) was collected from the bank
of river Brahmaputra, Assam, India. The strain was found to have
clotting properties. Therefore ﬁve other conﬁrmed coagulase positive S. aureus strains, such as MTCC 9760, MTCC 9886, MTCC 7443,
MTCC 87, and MTCC 9542 were obtained from IMTECH Chandigarh,
India to observe and compare the activity of staphylocoagulase
produced by S43.
2.3. Blood sample collection
Blood samples were collected from healthy adult volunteers in
the Na-citrate tubes at Clinical Centre, CSIR-NEIST, Jorhat, Assam
after receiving written consent. The Institutional Ethical Committee (IEC) of CSIR-NEIST, Jorhat, Assam has approved the protocol
for blood collection (NEIST/ICE/2008/2009, dated 3rd March 2009).
Clear plasma was separated by centrifugation of the blood at 37 ◦ C
and3000 rpm for 15 min.
2.4. Phylogenetic analysis of Staphylococcus sp. MBBJP S43
strain
16S rRNA sequences of Staphylococcus sp. has been deposited at
GenBank to attain the accession number. Total of 52 almost complete 16S rRNA sequences were acquired from public databases
NCBI Genbank and aligned by ClustalW using 1.6 DNA matrix [8].
The evolutionary history was inferred by using the Maximum Likelihood method [9,10] based on 1000 bootstrap replicates. Bacillus
abyssalis SCSIO 15042T (JX232168) was used as outgroup. Evolutionary analyses were conducted in MEGA7 software [11].
2.5. Tube tests for conﬁrmation of staphylocoagulase clotting
assay
All strains were cultivated for 24 h in 10 mL of BHI broth at 37 ◦ C
and 150 rpm agitation. After that 200 L of each broth was taken in
a sterile test tube and incubated with 500 L of diluted plasma for
12 h at 37 ◦ C. Diluted plasma was prepared by mixing one part of
plasma and nine parts of PBS [12]. Test tubes were marked as Test
for the S. aureus strain (S43), Negative Control for only the media,
and Positive Control for the S. aureus strain obtained from IMTECH
Chandigarh [13]. Coagulation was marked as positive (+), weakly
positive (w+), and negative (−) for each observation.
2.6. Clot observation under the scanning electron microscope
(SEM)
Scanning electron microscopy (SEM) was used to observe the
effect of cell suspension of the bacteria on clot formation using
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standard technique of gluataraldehyde and 2% OsO4 . To prepare
the samples, the bacterial suspension was prepared and 1.5 L of
the suspension was added into the anticoagulated plasma in the
treated group as described previously while only culture media was
added to the control group. Surface of the partially clotted plasma
was attached upside down to a new small glass slide. The samples
were prepared as described previously and air dried and examined
under a scanning electron microscope [14]. Fibrin threads were
imaged with a scanning electron microscope (SEM) to characterize
the thread morphology. Air-dried ﬁbrin threads were mounted on
aluminium stubs coated with double-sided carbon tape and sputter
coated with a thin layer of gold. Images were acquired using ZEISS
Scanning Electron Microscope [15].
2.7. Assay of clotting activity using Chromozym TH
The clotting activity of staphylocoagulase was measured by
using the reagent Chromozym TH following the method of Engels
et al. (1981) with some modiﬁcation. The culture supernatant
(30 L) or crude staphylocoagulase (40 g) were mixed with
120 L of reaction mixture containing 72 mM Triethanolamine
(TEA) buffer (pH 8.4), 144 mM NaCI, 166 mM Chromozym-TH, and
50 L of human plasma. The reaction was allowed to proceed for
1 h at 37 ◦ C. The absorbance was monitored at 405 nm. An A405
below 0.05 after 1 h of incubation was regarded as a negative test
result. One unit of staphylocoagulase was deﬁned as the amount of
enzyme giving an increase in absorbance at 405 nm of 1.0 per min
at 37 ◦ C [16].
2.8. Optimization of culture condition for production of
staphylocoagulase
The ability of S43 strain to produce optimum staphylocoagulase
depends upon several parameters, such as temperature, pH, and
carbon and nitrogen utilization.
2.8.1. Effect of temperature on staphylocoagulase production
A loop full of 24 h old single colony of S43 strain was transferred from nutrient agar plate into a 300 mL Erlenmeyer ﬂask of
M9 minimal media (42 mM Na2 HPO4 , 22 mM KH2 PO4 , 8.5 mM NaCl,
2 mM MgSO4 , and 0.1 mM CaCl2 ) containing 0.2% glucose and 0.2%
(NH4 )2 SO4 as carbon and nitrogen source respectively. The cultures
were incubated at different temperatures, like 20◦ , 25◦ , 30◦ , 37◦ ,
40◦ , 45◦ , and 50◦ C to observe the optimum growth and coagulase
production. The growth was checked by measuring the OD of the
culture at 600 nm [17]. The staphylocoagulase assay was performed
once OD reached 0.5 absorbance value.
2.8.2. Effect of pH on staphylocoagulase production
The effect of pH on growth and production of staphylocoagulase
was studied by culturing the bacterial strain in the M9 minimal
media as mentioned above. The pH of the media was adjusted by
using 1 M NaOH and 1 M HCl at different pH levels ranging from 4
to 10 [17]. The growth was evaluated by measuring the OD of the
culture at 600 nm and the staphylocoagulase assay was performed
once OD reached 0.5 absorbance values.
2.8.3. Effect of carbon and nitrogen on the growth of S43
For carbon utilization assay, bacterial strain was separately cultured in individual M9 minimal media containing carbon sources,
such as glucose, lactose, sucrose xylose, maltose, and glycerol
at 11 mM concentrations respectively. Similarly, for nitrogen utilization assay, three different sources of nitrogen, like NH4 Cl,
(NH4 )2 SO4, NH4 NO3, yeast, peptone, casein and glycine at 11 mM
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concentrations were used [18]. Cell growth and enzyme activity
were examined in a similar way as described above.
2.9. Puriﬁcation of staphylocoagulase from S43
2.9.1. Ammonium sulphate precipitation
Cell free supernatant of all the S. aureus strains were subjected
to (NH4 )2 SO4 precipitation ranging from 20%–90% until saturation.
(NH4 )2 SO4 was added to the desired percentage of saturation and
the solution was stirred and left to equilibrate for overnight at 4 ◦ C.
The precipitate was collected by centrifugation at 10,000 rpm for
15 min and the pellet was dissolved in 0.05 M phospahate buffer
and the solution was stored at 4 ◦ C for the future work [19].
2.9.2. Size exclusion chromatography
The protein solution was then dialyzed against 0.05 M
phospahate buffer and run through a Sephadex G-75 column
(300 × 10 mm). Elution was carried out with 0.1 M phospate buffer
(pH 7.2). The ﬂow rate was kept at 0.8 mL/min and the absorbance of
each fraction was taken at 280 nm. Each peak material was pooled,
concentrated, and checked for coagulase activity. The SDS PAGE of
the same was also done simultaneously.
2.9.3. Ion exchange chromatography
The active fractions were passed through a DEAE cellulose was
for further puriﬁcation. The column (2.1 × 35 cm) was equilibrated
with 0.1 M phosphate buffer (pH 7.2) and activated with 1 M NaCl.
The protein samples were eluted in a linear gradient of 0–1 M NaCl
in phosphate buffer. The ﬂow rate was kept at 0.8 mL/min and the
absorbance of each fraction was taken at 280 nm [20]. Each peak
material was taken, concentrated, and checked for coagulase activity. The SDS PAGE of the same was also done simultaneously
2.9.4. High pressure liquid chromatography
The high-pressure liquid chromatogram system was used to
study the homogeneity of the protein sample. The protein sample was subjected to a C18 reversed-phase column and eluted by
35% acetonitrile as mobile phase. The ﬂow rate was 0.5 mL/min and
the retention time ranged from 10 to 20 min.

2.13. Statistical analysis
Data were analyzed statistically using one way ANOVA with
Sigma Stat software (Jandel Scientiﬁc, San Rafael, CA). All the values are represented as mean ± S.D. (n = 6). The statistical differences
among different groups were analyzed by Student’s t-test. P values
of 0.05 or less were considered signiﬁcant.
3. Results
3.1. Phylogenetic analysis of Staphylococcus sp. MBBJP S43
The phylogenetic position based on 16S rRNA gene sequence
analysis of strain Staphylococcus sp. MBBJP S43 (KX907247) indicated that it was placed in a Staphylococcus group with closest
relatives, Staphylococcus sp. Cobs2Tis23 (EU246837) (99% of identity with 89% coverage), Staphylococcus arlettae BP47 (AB009933)
(99% of identity with 89% coverage), and Staphylococcus gallinarum
ATCC 35539 (D83366) (98% of identity with 89% coverage). On habitat basis Staphylococcus sp. MBBJP S43 strain was clearly positioned
within the genus Staphylococcus and form a sub group together with
other tissue isolates (Staphylococcus sp. Cobs2Tis23, Staphylococcus
arlettae BP47 and Staphylococcus gallinarum ATCC 35539) as shown
in Fig. 1.
3.2. Conﬁrmation of staphylocoagulase production
Fig. 2A illustrates the clotting activities of all the strains including S43 and ﬁve different positive controls, namely MTCC 9886,
MTCC 9760, MTCC 87, MTCC 9542, and MTCC 7443 after 4, 8, and
12 h of incubation. Among the six strains, only one strain, MTCC
9760 showed weak positive result after 4 h of incubation. Five of
the strains, such as S43, MTCC 9886, MTCC 9760, MTCC 9542, and
MTCC 7443 showed weak positive result after 8 h of incubation and
after 24 h of incubation all strains showed strong positive results.
Comparing with the results from all the positive controls these data
suggests that S43 is a coagulase-positive strain. Fig. 2B describes
the formation of clot in sodium citrated plasma by Staphylococcus
sp. MBBJP S43 in comparison with standard Positive control MTCC
9886 and Negative control after 12 h of incubation.

2.10. SDS gel electrophoresis
3.3. Scanning electron microscopy
The homogeneity and the molecular weight of the protein were
checked following the method of Laemmli (1970). SDS-PAGE was
performed with 10% resolving and 5% stacking gels using Bio-rad gel
electrophoresis system. The molecular weight markers of the range
10–250 kD was used. Gels were stained with Coomassie Brilliant
Blue G 250 [21].
2.11. Determination of protein concentration
The protein concentrations of the experimental samples were
measured according to the method of Bradford using crystalline
BSA as standard [22].

SEM analysis was done to visualize what might happen to
plasma after incubation with the cell suspension of S43 strain for
4, 8, and 12 h time points. Fig. 3A, B shows that no clots were
observed in the control sample (containing citrated plasma and
culture media) as well as in the 4 h incubated sample (containing citrated plasma and S43 cell suspension). The images in Fig. 3C
revealed evidences of the formation of weak ﬁbrin threads while
Fig. 3D showed the formation of strong clumps in the treated sample.
3.4. Effect of carbon and nitrogen utilization on the bacterial
growth of S43

2.12. FTIR measurements
An ALPHA FTIR spectrometer (Bruker, Germany) was used for
the measurement in attenuated total reﬂection (ATR) mode using
an ATR accessory, equipped with zinc selenide (ZnSe) prism that
did not require any sample preparation. A small amount (approximately 2–5 mg) of sample enough to cover the prism was placed
onto the ATR accessory and spectra were collected. Measurement
range was 375–7500 cm−1 for ATR with a resolution of <2 cm−1
[23]. Each sample was measured in three to ﬁve independent replicates.

Fig. 4A, B illustrates the bacterial growth of S43 in different
sources of carbon and nitrogen supplemented media at various
time periods respectively.
Fig. 4A shows that S43 strain grew well in glucose supplemented media with a lag phase of 5 h followed by S shaped growth
and a doubling time of 1.1–1.5 h.In addition the maximum cell
density was slightly higher in glucose supplemented culture with
approximately 1.5 ± 0.5 absorbance value at 600 nm. The lactose
supplemented cultures also showed a similar growth pattern. On
the contrary sucrose, glycerol, xylose, and maltose supplemented
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Fig. 1. Phylogenetic tree showing relationship of Staphylococcus sp. MBBJP S43 with other Staphylococcus strains. The strain was in the same cluster with different strains of
Staphylococcus and showed 99.8% homology to Staphylococcus arlettae BP47. The phylogenetic tree was drawn by MEGA 7 software using Maximum Likelihood method and
the signiﬁcance of junctions was established using bootstrap method (1000 replicates).

cultures were limited to 0.6 ± 0.2 absorbance value. Fig. 4B showed
a maximum growth of S43 in casein supplemented media with a
lag phase of 7 h followed by S shaped growth and a doubling time
of 1.1–1.5 h. Data also suggest that an increase in carbon as well as
nitrogen concentration increased the growth of staphylocoagulase
production.
Fig. 4C, D shows the effect of different carbon and nitrogen
sources on the enzyme activity of S43 strain, respectively. The
enzyme activity was found to be the highest using glucose as the
sole carbon source and casein as the sole nitrogen source.

3.5. Effect of temperature and pH on the enzyme activity of S43
Fig. 4E, F illustrates the effect of temperature and pH on the
enzyme activity of S43, respectively. It was found that S43 did not
exhibit any growth or protein production in the pH range 4.0–5.0
(data not shown). Fig. 4C shows that very less enzyme activity was
observed from pH 5.0–to pH 6.0. The most favorable conditions for
enzyme activity were found to be in the pH interval of 6.5–7.5. At
pH 8.0–10.0 the enzyme activity was again found to decrease.
The optimum temperature for the enzyme activity of S43 was
found to be 37 ◦ C. Fig. 4D shows that incubation of S43 at other
temperatures, such as 20◦ , 25◦ , 30◦ , 40◦ , and 45 ◦ C decreased the
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Fig. 2. Tube tests for conﬁrmation of staphylocoagulase clotting assay (A) Comparative analysis of the plasma clot formed after 4 h, 8 h, 12 h of incubation with standard
coagulase positive Staphylococcus sp. and S43 strain along with culture media; (B) Formation of clot in sodium citrated plasma by Staphylococcus sp. MBBJP S43 in comparison
with standard Positive control MTCC 9886 and Negative control after 12 h of incubation.

Fig. 3. Scanning electron microscopy images for detection of ﬁbrin thread formation (Magniﬁcation 50.00 K X). (A) Sodium citrated plasma treated with culture media; (B–D)
Sodium citrated plasma treated with cell suspension of Staphylococcus sp. MBBJP S43 after 4, 8 and 12 h incubation.

enzyme activity of S43. Increase in temperature beyond 45 ◦ C was
found to ﬁnally inhibit the enzyme activity.

3.6. Puriﬁcation of staphylocoagulase protein
Fig. 5A, B summarizes the protein concentration and enzyme
activity of (NH4 )2 SO4 precipitated samples collected from the
selected Staphylococcus sp. The precipitation from 20 to 40% saturation yielded very less protein concentration and a negligible
enzyme activity was observed. However, with 80% ammonium sulfate concentration a signiﬁcant amount of protein concentration
as well as higher enzyme activity has been observed. Further rise
in ammonium sulfate concentration did not cause any increase in
protein concentration and enzyme activity.

Fig. 6A, B shows the Sephadex G-75 chromatogram of the protein sample collected from 80% ammonium sulfate precipitated
fraction. Elution by 0.1 M Phosphate buffer showed three peaks
and the maximum enzyme activity was observed in the third peak
materials.
The active peak materials were pooled, concentrated, and
applied on a DEAE cellulose column and the elution proﬁle from
DEAE cellulose is shown in Fig. 7A, B .The highest enzyme activity
was found in the ﬁrst peak (P1). This peak material was then applied
on a C18 hydrophobic column for HPLC. The HPLC chromatogram
showed one major peak along with one small peak. The major peak
which was eluted in 35% acetonitrile showed maximum enzyme
activity and it was rechromatographed under the same condition.
A symmetrical and sharp peak with potential enzyme activity was
found, which indicates the homogenous preparation of the protein
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Fig. 4. Effect of carbon and nitrogen on the growth of S43 and its enzyme activity and effect of pH and temperature on enzyme activity; (A) Growth of Staphylococcus sp.
MBBJP S43 in different carbon sources at 11 mM concentrations; (B) Growth of Staphylococcus sp. MBBJP S43 in different nitrogen sources at 11 mM concentrations; (C) Effect
of different carbon sources on staphylocoagulase enzyme activity; (D) Effect of different nitrogen on staphylocoagulase enzyme activity; (E) Effect of pH on staphylocoagulase
enzyme activity; (F) Effect of temperature on staphylocoagulase enzyme activity.

from S43 strain in Fig. 8A, B. The summary of puriﬁcation of the
staphylocoagulase from S43 has been shown in Fig. 9.

ﬁnally after HPLC in Fig. 8C the molecular weight of staphylocoagulase was found to be approximately 66 kD.
3.8. FT-IR spectra

3.7. Characterization of the protein
The samples from Sephadex gel ﬁltration shows three prominent bands in Fig. 6C and after ion exchange chromatography with
DEAE cellulose one prominent band were observed in Fig. 7C and

IR spectra analysis of pure staphylocoagulase showed peaks at
1635, 1451 and 1093 wavenumber cm−1 corresponding to double
bonds (e.g. C O, C N and C C) and single bands (e.g. C C,C N,
C O). FTIR spectroscopy provides information about the secondary
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Fig. 5. (A) Protein concentrations of 50%–90% ammonium sulphate precipitated protein of different Staphylococcus strains; (B) Comparative enzyme activity of the ammonium
sulphate precipitated (50%-90%) samples of different Staphylococcus strains.

Fig. 6. (A) Sephadex G-75 gel ﬁltration chromatogram; (B) Enzyme activity of the peak material (P1, P2, and P3); (C) SDS PAGE of the three eluted peak material (P1, P2 and
P3).

Fig. 7. (A) DEAE anion exchange chromatogram; (B) Enzyme activity of the peak material (P1 and P2); (C) SDS PAGE of the active peak material (P1).

structure content of proteins. The broad lumpy peak as observed in
Fig. 10 at 1635. 75 wavenumber cm−1 shows the presence of amide
I bands that leads to stretching vibrations of the C O bond of the
amide. This also indicates the presence of alpha helixwhich allows
the amides to hydrogen bond very efﬁciently with one another. The
interpretations of the FTIR spectra were done as per [24].

4. Discussion
Haemorrhage is one of the major health care issues faced by
modern society resulting in the annual death of more than ﬁve million people worldwide. Several bleeding disorders are also found to
develop in people as a result of medications, liver disease, vitamin
K deﬁciency, etc. Although blood transfusion, iron supplementation, etc are generally used for the treatment of haemorrhage,
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Fig. 8. (A) HPLC chromatogram through C18 hydrphobic column (P1 and P2); (B) Rechromatography of the active peak material (P1); (C) SDS PAGE of the active peak material
(P1). (D) Tube Coagulase test for conﬁrmation of staphylocoagulase clotting assay using pure staphylocoagulase protein in sodium citrated blood plasma at 12 h time point.

Fig. 9. Puriﬁcation chart of staphylocoagulase from Staphylococcus sp. MBBJP S43.

however, no advance has been observed in medical research for
identiﬁcation of novel potential therapeutic targets for haemorrhagic patients. Hence worldwide study is now going on in search
of various sources which could cure blood loss. It has already
been known that staphylocoagulase is a unique protein having
the blood clotting property [25]. Although puriﬁed staphylocoagulase is generally used for development of antibodies to identify
Staphylococcus aureus infections in clinical patients, however, it
has never been thought to be used as a targeted therapeutic drug
that will help blood factors in coagulation during haemorrhagic
conditions [4]. In addition SC has also been found to be produced
by very rare species of Staphylococcus. Recent studies reported
that in addition to Staphylococcus aureus certain other Staphylococcus sp., such as Staphylococcus intermedius, Staphylococcus
pseudintermedius, Staphylococcus hyicus, Staphylococcus schleiferi

sub sp. Coagulans, Staphylococcus lutrae, and Staphylococcus delphini have also been found to be coagulase positive Staphylococci
(CoPS) [2]. Studies also suggest that very limited data related to
the puriﬁcation and characterization of SC isolated from different
species of Staphylococcus other than S. aureus is available. Therefore,
the present study has been designed to purify, characterize, and
examine the enzyme activity of staphylocoagulase isolated from a
Staphylococcus sp. MBBJP S43.
In the last decade, as a result of the widespread use of PCR and
DNA sequencing, 16S rDNA sequencing has played an essential role
in the exact classiﬁcation of bacterial isolates and the discovery
of novel bacteria in medical microbiology laboratories. A total of
almost 52 complete 16S rRNA sequences were acquired from public databases NCBI Genbank and aligned by Clustal W using 1.6
DNA matrixes [26]. Analysis of 16S rDNA sequence revealed its
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Fig. 10. FTIR transmittance spectra of the puriﬁed protein after subtraction from phosphate buffer.

99% homology with Staphylococcus sp. Cobs2Tis23 (EU246837) and
was designated as Staphylococcus sp. MBBJP S43 (KX907247). The
16S rDNA sequence submitted to Gen Bank (KX907247) was in the
same cluster of phylogenetic tree (Fig. 1) with different strains of
Staphylococcus arlettae.
Tube coagulase test is generally used for the detection of coagulase producing species [27]. Therefore we performed the tube
coagulase test of the particular bacterial strain in comparison with
ﬁve standard coagulase positive (CoPS) S. aureusstrains for conﬁrmation of the coagulase producing ability of S43. Results suggest
S43 could produce weak plasma clot after 8 h of incubation while
complete clot was observed after 12 h of incubation.
The goal of the present study was to investigate the formation of
ﬁbrin thread formation in sodium citrated plasma in the presence of
staphylocagulase produced by Staphylcoccus sp. MBBJP S43. Scanning electron microscope (SEM) images of the clots produced in
anticoagulated plasma by staphylocoagulase were studied for conﬁrmation of the coagulation ability of the protein. The mechanical
clotting ability of staphylocoagulase was conﬁrmed by the surface view of the ﬁbrin threads appeared at 8 h and ﬁnally at 12 h
clumps formation was observed. This proves that staphylocoagulase isolated from Staphylcoccus sp. MBBJP S43 has blood clotting
ability which has potential applications for preventing severe local
haemorrhage. Similar clots have been also observed in chitosan
nanoparticles [28].
Nutritional requirements of bacteria are essential not only for
successful cultivation in the laboratory but also for the optimization of industrial fermentation processes [28]. It is well known
that the type and concentration of carbon and nitrogen sources
play important roles on bacterial growth. Manipulation of the
nutritional requirement is the simplest and most effective way
to improve the cultivation of bacteria. Results demonstrate that
glucose as carbon source and casein as nitrogen source greatly
inﬂuence the growth rate and enzyme activity of S43. The temperature and pH of any enzyme are generally distinguishing parameters
which establish whether an enzyme is suitable for biotechnological applications. Results demonstrate that at 37 ◦ Cand a pH
range of 6.5–7.5 the Staphylococcus sp., S43 strain shows maximum
enzyme activity and this is in agreement with the data from other
staphylocoagulase producing species [20,29]. For the isolation of
staphylocoagulase from Staphylococcus sp. MBBJP S43, the crude

protein was ﬁrst extracted by using ammonium sulphate precipitation and its enzyme activity was checked and compared with ﬁve
other standard coagulase positive (CoPS) S. aureus strains. Results
showed that using 80% ammonium sulphate precipitation the highest enzyme activity was found with S43 strain compared to those
seen in other strains and this fraction of S43 was used for further
step of puriﬁcation.
In the next step, Sephadex G-75 gel ﬁltration column was
employed and elution with 0.1 M phosphate buffer showed three
peaks and SDS PAGE analysis of these peak material showed three
prominent bands in the region of 50–75 kD. Among them the maximum enzyme activity was observed in the third peak materials.
The resulting active concentrate was then subjected to DEAE cellulose column. The elution proﬁle of DEAE cellulose showed two
peaks and the highest enzyme activity was found in the ﬁrst peak.
Interestingly, the SDS PAGE analysis of this peak material showed
a single protein band between 50 and 75 kD. The active peak material was then applied on a C18 hydrophobic column for HPLC. The
HPLC chromatogram showed one major peak along with one small
peak. The major peak which was eluted in 35% acetonitrile showed
maximum enzyme activity and it was re-chromatographed under
the same condition. A symmetrical and sharp peak with potential enzyme activity was found, which indicates the homogenous
preparation of the protein from S43 strain. The ﬁndings provide
that the fraction was not absolutely pure until then, however ﬁnally
after rechromatography of the concentrate sample in HPLC, 766 fold
puriﬁcation of the protein was achieved. The protein was puriﬁed
to homogeneity with a molecular weight of 66 kD and this is in
accordance with previous reports [19].
FTIR spectroscopy provides information about the secondary
structure content of proteins, unlike X-ray crystallography and
NMR spectroscopy which provide information about the tertiary
structure. Characteristic bands found in the infrared spectra of
proteins and polypeptides include the Amide I and Amide II.
It has been reported that the amide I band (1700–1600 cm−1)
mainly occurs due to the C O stretching vibrations, and amide II
(1580–1510 cm−1 ) due to the N H bending with a contribution of
the C N stretching vibrations and, with weaker intensity, amide
III band (1400–1200 cm−1 ) prevails due to the N H bending frequency. Figure describes the presence of amide I band which is also
a simple indication of the presence of ∞ helix [23]. Furthermore,
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the vibrations around 1400–1000 cm−1 can be attributed owing to
the side chains and aggregates.
5. Conclusion
The new strain of Staphylococcus sp. MBBJP S43 isolated from the
Brahmaputra River has the ability to produce the cofactor staphylocoagulase that activates prothrombin to initiate blood clotting. The
present strain has the higher enzyme activity compared to other
reported Staphylococcus sp., which may be potential for further
biomedical application.
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