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Abstract The current work was attempted to isolate and characterize the serratiopeptidase producing Serratia sp.
Among the 10 bacterial isolates 7 strains were identified as Serratia sp. Out of 7 strains one showed potent proteolytic
activity and selected for further studies. Based on the morphological, biochemical and molecular characterization, the
potent isolate (RHO03) was identified as Serratia marcescens (GenBank accession number: KC961637) and the strain was
designated as Serratia marcescens VITSD2. The production of serratiopeptidase was carried out in trypticase soya broth
and the enzyme was partially purified using ammonium sulfate precipitation and dialysis. The specific activity was
determined by casein hydrolysis assay and was found to be 12.00, 21.33, and 25.40 units/mg for crude, precipitated and
dialysed samples. The molecular weight of the protease was determined by SDS-PAGE and it was found to be 50 kDa.
The antibacterial activity of the produced serratiopeptidase showed moderate activity against Pseudomonas aeruginosa

MTCC No. 4676 (12 mm) and Escherichia coli MTCC No. 1588 (15 mm).

Keywords

Introduction

Serrapeptase is a proteolytic enzyme available for clinical use
more than a decade. Serrapeptase, also known as serratia-
peptase, serratiopeptidase, serratia E-15 protease, serralysin,
serratiapeptidase or serratiopeptidase, a protease enzyme
produced by Serratia sp. E-15 (Nakahama et al., 1986). This
bacteria was isolated in the late 1960s from silk worm
Bombyx mori L. (Miyata et al., 1970). It was originally
considered to be an innocuous, saprophytic water organism
and it was often used as a biological marker because of its
easily recognizable red colonies (Miguel and Carrascosa,
2013). Serratia marcescens produces many extracellular
serine and thiol proteases and metalloproteases (Aiyappa and
Harris, 1976; Decedue et al., 1979). Serratiopeptidase binds
to alpha-2-macroglobulin in the blood in the ratio of 1:1,
which helps to mask its antigenicity but retains its enzymatic
activity and is slowly, transferred to site of inflammation. The
heterogeneity of the proteases produced is used as a
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diagnostic tool for taxonomic classification and clinical
identification of strains (Grimont et al., 1977). Serrapeptase
was far more effective than any other enzyme in repressing
fibrinolysis and its unique biological phenomenon of the
enzyme led researchers to study clinical applications of the
enzyme. Despite the serratiopeptidase tablets having mini-
mum side effects (Valeria et al., 2003; Trumbore et al., 2005;
Nirale and Menon, 2010). The less pathogenic strain of
Serratia marcescens than the ones presently used can be
substituted for production. Serratia marcescens also pos-
sesses a red pigmentation known as prodigiosin which is
capable for advancement in cancer studies. Obtaining the
most potent enzyme producing strain can provide the ability
to improve the results in cancer research. Hence the current
study involves the identification of a potent serratiopeptidase
producing Serratia sp.

Materials and methods
Isolation of Serratia sp. from soil samples

Seven soil samples were collected in sterile bags from
different locations of Vellore, Chennai and Kochi, India. 1 g
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of the soil samples were serially diluted and inoculated by
pour plate method. The plates were incubated at 37°C for 24 h
(Weissmann, 2006). Individual red colonies were selected and
the pure cultures were maintained on nutrient agar plates and
stored at 4°C.

Primary screening

Casein hydrolysis method

Skim milk agar medium was prepared and sterilized. A single
line streak inoculation of the 7 isolates was made from their
respective pure culture plates onto the labeled sterile skim
milk agar. The plates were incubated for 24 h at 37°C and
observed for the zone of clearance.

Secondary screening

Secondary screening was performed with the culture filtrates
of the 7 isolates using well diffusion method. The isolates
were grown in trypticase soy broth. After two days of
incubation, the cultures were harvested, centrifuged at 10000

r/min for 15 min at 4°C and the supernatant was collected.
100 pL culture filtrate of each isolate was placed in each well
and incubated at 37°C for 24 h. After incubation the plates
were flooded with coomassive brilliant blue staining solution
for 30 min and it was destained by adding destaining solution.
The development of clear zone around the well was observed
and noted.

Strain identification

Morphological and biochemical characterization

The potent producer of serratiopeptidase producing isolate
RHO3 was selected for this study. Morphological and
biochemical characterization was done for the isolate RHO03
and identified according to the Bergey’s manual of determi-
native bacteriology (Holt, 1994).

Molecular characterization

16S rRNA gene amplification and sequencing

16S rRNA gene sequencing of Serratia sp. was amplified
using forward primer 27 F 5-AGAGTTTGATCMTGGCT-
CAG-3' and reverse primer 1792 R (5-TACGGY-
TACCTTGTTACGACTT-3"). The sequences were
subjected to homology search using BLAST program of the
National Centre for Biotechnology Information (NCBI).
(Altschul et al., 1990). The 16S rRNA gene sequences
determined were aligned along with the sequences of the type
strains using the CLUSTAL W program version 2.1 (Chenna
et al., 2003). The phylogenetic tree was constructed by
neighborhood joining method (Saitou and Nei, 1987).
Individual branches in phylogenetic tree were determined
by bootstrap analysis based on 1000 samplings (Felsenstein,
1985).

RNA secondary structure prediction

The gene sequence was transcribed to RNA sequence to
identify the -RNA secondary structure using the RNA fold
server from Vienna RNA website (Gruber et al., 2008). RNA
secondary structure can be predicted by free energy
minimization with nearest neighbor parameters to evaluate
stability (Ding and Lawrence, 2003). It was used to predict
the minimum free energy (MFE) secondary structure of single
sequences using the dynamic programming algorithm (Zuker
and Stiegler, 1981) and equilibrium base-pairing probabilities
are calculated using John McCaskill’s partition function (PF)
algorithm (McCaskill, 1990).

Serratiopeptidase production

Growing cultures of Serratia marcescens VITSD2 was
transferred to 100 mL sterile trypticase soy broth. The broth
culture was monitored for an OD in the range of 02—-0.3 at
610 nm.When the OD value of the broth culture was in the
desired range, 10 mL of the inoculum was transferred to 90 ml
sterile production broth and incubated at 32°C for 24 h in a
shaker at 120 r/min. The broth was centrifuged at 10000 r/min
for 20min at 4°C. The supernatant was filtered through
Whatmann No. 1 filter paper and stored at 4°C (Mohankumar
and Raj, 2011).

Partial purification of enzyme

Precipitation and dialysis

Ammonium sulfate was added to the culture supernatant in
small quantities with constant stirring in order to achieve
saturation. The supernatant was then concentrated by
precipitation with ammonium sulfate to 60%—70% levels.
The precipitates were dissolved in 50 mM phosphate buffer
(pH 7) and dialyzed over night against the same buffer. The
resultant dialysates were regarded as partially purified
serratiopeptidase and were used for further studies.

Total protein estimation

Total protein content of the crude, precipitated and the
dialysed samples were estimated by standard method (Lowry
et al., 1951).

Enzyme assay

A total of 0.5 mL of culture supernatant was added to 2 mL of
casein solution 2.0% (w/v) dissolved in Tris-HCI (pH 8.0) and
incubated at 37°C for 10 min. The reaction was terminated by
the addition of 2.5 mL of 0.1 M trichloroacetic acid (TCA)
and further incubated at 37°C for 30 min. It was centrifuged at
10000 r/min for 10 min at 4°C. To 2.5 mL of supernatant,
3mL of 0.5 M Na,CO5; and 0.5 mL of IN Folic Ciocalteu
reagent was added, mixed well and incubated for 10 min.
Absorbance was measured at 660 nm. The standard curve was
prepared using different concentrations of tyrosine. One unit
of enzyme activity was defined as the amount of enzyme
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required to liberate 1pumol of tyrosine per min under the
defined assay conditions (Subbaiya et al., 2011).

SDS PAGE

The partially purified enzyme was subjected to sodium
dodecyl sulfate-poly acrylamide gel electrophoresis (SDS-
PAGE) (Machielsen et al., 2006) with lower separating gel
(pH 8.8), upper stacking gel (pH 6.8) and 12% acrylamide
concentration. A broad range protein molecular weight
marker was used to compare the protein bands with the
standards, for the confirmation of the enzyme.

HPLC analysis

The high performance liquid chromatographic (HPLC)
separation of the partially purified serratiopeptidase enzyme
was carried out on a LC-10 AT vp model HPLC using 250 x
4.60 mm Rheodysne column (C-18). The proteins were eluted
with 70% (v/v) acetonitrile as the mobile phase at the flow
rate of 1.0 mL/h at 280 nm with C18 column (3.0 mm X
300 mm).

Antibacterial activity

The in vitro antibacterial activity of serratiopeptidase was
determined by agar well diffusion method. Exponential phase
cultures of Pseudomonas aeruginosa MTCC No. 4676 and
Escherichia coli MTCC No. 1588 were used to determine the
antibacterial activity of the enzyme. The pathogens were
overlaid onto the surface of Mueller-Hinton agar plates. Wells
were dug on the agar plates and 100 pL of the crude enzyme,
60% precipitated and dialysed enzyme samples were added
and the plates were incubated at 37°C for 24 h.

Results
Isolation and screening

A total of ten different soil samples were collected from
different locations such as Kochi, Chennai, and Vellore.
Isolates were selected based on the colony color and elevation
(Tables 1, 2). Out of 10 soil isolates, only 7 showed red
pigmentation (Fig. 1) and these isolates were further
subjected to primary screening for the production of
serratiopeptidase. All the 7 isolated strains showed a clear
zone, indicating the presence of serratiopeptidase (Fig. 2).

Table 1 Soil samples collected from different regions of India

Further all the seven bacterial strains were selected for
secondary screening. A clear zone was formed around the
wells containing the crude enzyme. The extracted supernatant
of all the strains were found to have proteolytic activity.
Interestingly, the isolate obtained from the rhizosphere soil,
which was designated as RHO03 remarkably hydrolyzed the
substrate and produced a prominent and maximum zone of
clearance (24 mm) when compared to other strains isolated
(Table 3). Determination of SP enzyme from Serratia was
confirmed by adopting Commasie brilliant blue staining. The
formation of halo zone indicates the production of extra-
cellular enzyme (Fig. 3). The potent strain RHO3 was selected
for further studies.

Morphological and biochemical characterization

Morphological and biochemical assessment of the isolated
potent strain (RHO03) confirmed the characteristic properties
of Serratia sp. (Fig. 4, Table 4).

Molecular charecterisation

Sequence result of 16S rRNA was exported to the database
and checked for the homologous alignment. Based on the
alignment results strain RHO3 was found as Seratia
marcescens which showed 99% similarity and the strain
name was designate as Serratia marcescens VITSD2. The
partial 16S rRNA sequences were deposited in GenBank
under the accession number KC961637. The phylogenetic
tree based on 16S rRNA of the strain Serratia marcescens-
VITSD2 was shown in Fig. 5.

RNA secondary structure prediction

The secondary structure was predicted using RNAfold server
(using MFE) with a minimum free energy of —339.13 kcal/
mol. The centroid secondary structure was predicted with a
minimum free energy of —291.60 kcal/mol. Based on the
energy of the predicted models, the secondary structure
predicted by MFE gives the more stable structure with a
minimum energy. Hence MFE model can be considered as the
optimal secondary structure of the rRNA. The mountain plot
is also derived from RNA fold server which represents a
secondary structure in a plot of height versus position, where
the height is given by the number of base pairs enclosing the
base at position i.e. loops correspond to plateaus (hairpin
loops are peaks), helices to slopes (Fig. 6).

No. Place collected Number of samples Soil type
Thevera, Kochi, Kerala, India 3 soil samples Garden soil

2 VIT University, Vellore, Tamil Nadu, India 3 soil samples Rhizosphere

3 Chennai, Tamil Nadu, India 1 soil sample Garden soil
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Table 2 Colony morphology of the bacterial isolates

Organism name

Morphology

RHO1
(Kochi, Kerala)

RHO02
(Kochi, Kerala)

RHO03
(Kochi, Kerala)

RHO04
(Vellore, Tamilnadu)

RHO5
(Vellore, Tamilnadu)

RHO06
(Vellore, Tamilnadu)

RHO7
(Chennai, Tamilnadu)

Elevated red colonies

Elevated red colonies

Elevated red colonies

Elevated red colonies

Irregular, pale red colonies

Elevated red colonies

Elevated red colonies
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Figure 2 Isolates showing zone of clearance on skim milk agar.

Table 3 Screening of Serratia sp. for Serratiopeptidase enzyme

Strain No. Primary screening Secondary screening

Zone of clearance(mm) Zone of clearance (mm)

RHO1 21 21
RHO02 21 21
RHO03 23 24
RHO04 20 20
RHO5 22 22
RHO06 22 22
RHO7 20 19

Figure 3 Caseinolytic activity of crude enzyme (RHO03).

Figure 4 Pure culture of Serratia sp. (RH03) on nutrient agar.

Total protein estimation and enzyme assay

Results of lysate, precipitated and dialysed sample showed
differences in OD readings as it was due to its variable
presence of total protein content. In crude the enzyme activity
was determined with the protein content as 2.8 mg/mL, the
precipitated protein content as 2.3 mg/mL and the dialyzed
with 1.7 mg/mL. Serratiopeptidase activity was determined
colorimetrically by detecting the amount of protease released.
The specific enzyme activity of the crude supernatant was
found to be 12.00 U/mg whereas the specific enzyme activity
increased after partial purification and determined as 21.33
and 25.40 units/mL for precipitated and dialysed samples.
Casein assay results showed the precipitated and the dialysed
sample has better enzyme activity and more specific enzyme
activity (Table 5).

SDS-PAGE

The molecular weight of the partially purified peptidase was
found to be 50 kDa which was comparable by the banding
patterns along with the protein marker and this further
confirms the peptidase produced by Serratia marcescens-

VITSD2 (Fig. 7).
HPLC analysis

HPLC chromatogram for partially purified enzyme produced
from Serratia marcescens VITSD2 is shown in Fig. 8. Peak 1
indicates the presence of serratiopeptidase in the extract.
Retention time of the peak was found to be 3.45 min.

Antibacterial activity of serratiopeptidase

The serratiopeptidase produced by Serratia marcescens
VITSD2 were found to exhibit antibacterial activity against
Pseudomonas aeruginosa (12 mm) and E. coli (15 mm). The
maximum activity was found when dialysed sample was used
against the test pathogens. The diameters of zone of inhibition
are shown in (Table 6, Fig. 9).
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Table 4 Morphological and biochemical characterization of the strain RHO03

Gram staining Motility Margin Capsule Indole = MR VP Citrate Lysine Urease Nitrate  Hps  Glucose Adonitol Lactose
reduction
-ve rods + Smooth + - - + + + - + - + +
and
raised

Serratia 5p, J260 165 fibosomal RMA gene, parfial sequence
sUncultured Serratia sp. clone Frmay2.4 3 165 ribosomal RMaA gene, partial sequence
f'r\'urmrr'u sp. endosymbiont of Nilaparvata lugens clone 1149 165 rbosomal RMA gene, partial sequence
o bacteria] 2 leaves
| Serratia sp. F1165 ribosomal RNA gene, parfial sequence
“ bacteria | 3 leases
4 Uncultured Serratia sp. clone FPmay2.41 165 nbosomal RMA gens, parfial sequence
@ Uncultired Serraria 5p. clone FPmay2 36 165 ribosomal RMA gene, parfial sequence
+ Uncultured Serratia sp. clone Frmay2 31 165 nbosomal RMA gene, parfial sequence
@ uUncultured Serratia sp. clone Femay2.30 165 ribosomal RMNA gene, partial sequence
o backeria] 2 leaves
W Uncultured bacterium clone s3h23 165 ibosomal RMA gene, parfial sequence
2 Unculfured bacterium clone f2h21 165 nibosomal RMA gene, parfial sequence
Uncultured Serratiaosp. clone FRmay2.29 165 ribosomal RMA gene, parfial sequence
sUncultured Serrariasp. clone Frmay2 28 165 ibosomal RN gene, partial sequence
faUncultured Serraria sp. clone FRmay2.5 165 nbosomal RMA gene, parfial sequence
o Bacterium 24 165 nibosomal RMA gene, parfial sequence
uncultured Serratiasp. clone FPmay2 4 165 ribosomal RNA gene, partial sequence
- Uncultured Serratia sp. clone FPmaw2.20 165 fibosomal RMA gene, partial sequence
PuUnculbured Serratia sp. clone FPmay2.19 165 nbosomal RNA gene, parfial sequence
A enterobacterial 3 leawes
® Duncultured Serratiasp. clone Frmay2 42 165 ribosomal RMA gene, partial sequence
Buncultured Serrasiasp. clone FRmay2.21 165 ribosomal RMA qene, partial sequence
« Bacterium enrichment culture clone JCN13 165 ribosomal RMA gene, parfial sequence
@ Uncultured bacterium clone s2hSa 165 ribosomal RMA gene, parfial sequence
uUncultured bacterium clone s2h 122 165 rbosomal RMA gene, partial sequence
D Uncultured bacterium clone s1514a 165 ribosomal RWA gene, partial sequence
] Suncultured bacterium clone 51512 165 ribosomal RMA gene, parfial sequence
2 Uncultured Serratia $p. clone FRmay2.72 165 fibosomal RNA gene, parfial sequence
@ 130329 38_M0O9_VIT- SD2_515Fab1
> uUncultured bacterium gene for 165 rRMA, partial sequence, clone: KM13
@uncultured bacterium clone CR_156 165 ribosamal RMA gene, parfial sequence
* | enterobacteria ] 2 leaves
B uncultured bacterium clone s2h10 165 fibosomal RNA gene, parfial sequence
suUncultured bacterium gene for 165 rRrA, partial sequence, clone: SK43
3 Unculhured bac terium clone CR_124 165 ribosomal RNA gene, partial sequence
‘enterobacteria | 2 leaves
Uncultured bacterium clone POME_TFO_E31 165 rbosomal RMA gene, partial sequence
13 Bacterium BR121 165 ribosomal RMA qene, partial sequence
» Bacterium BR115 165 ibosomal RMA gens, parfial sequence
@ Serratia 5p, HUE- 107 1635 ribosomal RMA gene, parfial sequence
g - Serratiasp. LM+ 165 ibosomal RMA gene, parfial sequence
o Uncultured bacterium clone s2h2a 165 ribosomal RMA gene, partial sequence
| bacteria] 3 leaves

@ Serratia marcescenssubsp. Marcescens gene for 165 rRNA, parfial sequence, shain: MERC 102204

I bactenia| 3 leaves
" lenferobacteria | § leaves
W Serratia marcescensgene for 165 rRNA, parfial sequence, shain: NBRC 3736
D Serratia marcescensgene for 165 rEMA, parfial sequence, shain: NBRC 3046
@ Serratio marcescensgene for 165 rRMA, parfial sequence, strain: NERC 3052
@ Serratia marcescensshain GRD 1 165 ribosomal RNA gene, partial sequence
@ Serratio 3p. B1-2 165 ribosomal RMA gene, partial sequence
@ Serratia marcescensstain BIHE 1411 165 nbosomal RMA gene, parfial sequence
@ Serratia marcescensstain Sm- 128 165 ribosomal RMA gene, parfial sequence
@ Serratiasp, PERS 1 165 ribosomal RMA gene, parfial sequence
2 Serratiasp. KMS4 165 rbosomal RMA gene, parfial sequence
@ Serrariasp, M1 165 ribosomal RMA gene, parfial sequence
@ Serratiasp. M1- 3 165 ribosomal RMA gene, partial sequence
@ Serratio marcescensstrain P3 165 nbosomal RMA gene, parfial sequence
B Serratia marcescensstain H14 165 ribosomal RMA gene, partial sequence

& Serratiasp. endosymbiont of Milaparvada lugens clone M280 165 ribosomal RMA gene, partial sequence

Suncultured Serratia sp. clone Frmaw2.79 165 ribosomal RNA gene, parfial sequence
Suncultured Serratia sp. clone FPmay2.58 165 ribosomal RNA gene, parfial sequence
@ uUncultured Serratia sp. clone FPmaw2.57 165 ribosomal RMA gene, parfial sequence
@ Serratia marcescensstrain TCCC 11387 165 ribosomal AMA gene, partial sequence

Figure 5 Phylogenetic tree of the strain Serratia marcescensVITSD2

Discussion

Serratiopeptidase is known very well for its anti inflammatory
properties, anti bacterial properties and anti cancer properties.
It is used in the clinical treatment of pain and inflammatory
disorders due to arthritis, trauma, surgery, sinusitis, bron-
chitis. Screening of Serratia sp. producing serratiopeptidase
was done by casein hydrolysis method. The maximum zone
of clearance was noted by isolate RHO3 (23 mm). A similar
study was completed by Jo et al. (2008) in which protease
producing Serratia marcescens strains were isolated from soil

samples and it was screened by growing the isolates on LB
agar plates containing 1%(w/v) skim milk at 30°C for 3 days
and the isolates that showed a zone of clearance were grown
on 1%(w/v) skim milk agar plates. Serratia marcescens FS-3
isolate showed maximum zone of clearance and was found to
have specific activity of 60.7 U/mg. The medium used in this
study for the production of serratiopeptidase by RH03 was
trypticase soya broth. The data clearly showed that RH03
(VITSD2) produces serratiopeptidase in trypticase soy broth.
Subbaiya et al. (2011) used casein or cysteine as a substrate
for the production of serratiopeptidase. The specific activity
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Figure 6
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Table 5 Determination of SP activity and yield of enzyme from isolate Serratia marcescens VITSD2

Fraction Volume  Protein content Total protein Tyrosine (ug/ Activity units Total activity Specific activ-  Yield(%) Purification
(mg/mL) (mg/mL) mL) (units/mL)  ity(units/mg) fold
Lysate 100 2.8 280 80.6 33.6 3359.4 12.00 100.00 1
50% 2 2.3 4.6 117.8 49.1 98.1 21.33 2.92 1.8
Dialysed 2 1.7 3.4 103.6 432 86.4 25.40 2.57 2.1
800.00 6
: 2 |
3
o 2|
= 600.00 2
E £|
o (=9
£ 400.00 |
g /
200.00
0.00 R
0.00 2.00 4.00 6.00 8.00 10.00
Time(min)

Figure 7 SDS PAGE

of the crude extract, 60% ammonium sulfate precipitated and
dialysed enzyme was 12.00 U/mL, 21.33 U/mL, and 25.7 U/
mL. A similar experiment conducted by Subbayia et al.
(2011) produced serratiopeptidase from Serratia marcescens
showed a specific activity of 0.65 U/mL in filtered solution.
The specific activity of RHO3 (VITSD2) was found to be
more compared to the serratiopeptidase produced by Serratia
marcescens in Subbayia et al. (2011). However, serratiopep-
tidase produced by Serratia marcescens FS-3 isolate showed

Figure 8 HPLC chromatogram of the partially purified serra-
tiopeptidase enzyme

more specific activity (60.7U/mg) compared to the serratio-
peptidase produced by RHO3(VITSD2) (25.7U/mL).

By SDS-PAGE, the molecular weights of the serratiopep-
tidase was found to be 50 kDa. Machielsen et al. (2006)
demonstrated that the molecular weights of serratiopeptidase
was 52 kDa by using SDS-PAGE. The molecular weights
were comparable and this further confirms that the exopro-
tease produced by RHO03 (VITSD2) was serratiopeptidase.
Hence the present study justifies the potent producer of
serratiopeptidase from Serratia marcences VITSD?2 isolated
from soil source. Further studies into utilization of peptide
sequencing may reveal the new finding and help to
identify and cleave a distinct peptide bond within the specific
protein.
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Table 6 Antibacterial activity of partially purified enzyme

Organisms

Zone of inhibition (mm)

(Reference drug) Chloramphenicol 25pg/mL

Partially purified enzyme(60%)

Escherichia coli MTCC No. 1588
Pseudomonas aeruginosa MTCC No. 4676

18mm

12mm

15mm

12mm

Figure 9 Zone of inhibition of serratiopeptidase against E. coli
and Pseudomonas aeuroginosa. (A) Escherichia coli MTCC No.
1588 (15mm); (B) Pseudomonas aeruginosa MTCC No. 4676
(12mm).

Acknowledgements

We are greatly indebted to Vellore Institute of Technology for the
constant encouragement, help and support for extending necessary
facilities.

Compliance with ethits guidelines

Subathra, Renuka, Harini, Jemimah and Mohanasrinivasan declare
that they have no conflict of interest.

This article does not contain any studies with human or animal
subjects performed by any of the authors.

References

Aiyappa P S, Harris J O (1976). The extracellular metalloprotease of
Serratia marcescens: 1. Purification and characterization. Mol Cell
Biochem, 13(2): 95-100

Altschul S F, Gish W, Miller W, Myers E W, Lipman D J (1990). Basic
local alignment search tool. J Mol Biol, 215(3): 403—410

Chenna R, Sugawara H, Koike T, Lopez R, Gibson T J, Higgins D G,
Thompson J D (2003). Multiple sequence alignment with the Clustal
series of programs. Nucleic Acids Res, 31(13): 3497-3500

Decedue C J, Broussard E A N 2nd, Larson A D, Braymer H D (1979).
Purification and characterization of the extracellular proteinase of
Serratia marcescens. Biochim Biophys Acta, 569(2): 293-301

Ding Y, Lawrence C E (2003). A statistical sampling algorithm for RNA
secondary structure prediction. Nucleic Acids Res, 31(24): 7280-
7301

Felsenstein J (1985). Confidence limits on phylogenies: An approach
using the bootstrap. Evolution, 39(4): 783791

Grimont P A D, Grimont F, Dulong de Rosnay H L C (1977).
Characterization of Serratia marcescens, S. liquefaciens, S. ply-
muthica and S. marinoruba by electrophoresis of their proteinases. J

Gen Microbiol, 99(2): 301-310

Gruber A R, Lorenz R, Bernhart S H, Neubock R, Hofacker I L (2008).
The Vienna RNA websuite. Nucleic Acids Res, 36 (Web Server
issue): W70-74.

Mohankumar A, Raj R H K, (2011). Production and characterization of
Serratiopeptidase enzyme from Serratia marcescens. Int J Biol, 3(3)

Holt J G (1994). Group 17 Gram-Positive Cocci: Bergey's Manual of
Determinative Bacteriology, ed 9th. Baltimore: William & Wilkins:
529-541

Lowry O H, Rosebrough N J, Farr A L, Randall R J (1951). Protein
measurement with the Folin phenol reagent. J Biol Chem, 193(1):
265-275

Machielsen R, Uria A R, Kengen S W M, van der Oost J (2006).
Production and characterization of a thermostable alcohol dehydro-
genase that belongs to the aldo-keto reductase superfamily. Appl
Environ Microbiol, 72(1): 233-238

McCaskill J S (1990). The equilibrium partition function and base pair
binding probabilities for RNA secondary structure. Biopolymers, 29
(6-7): 1105-1119

Miguel F, Carrascosa José R (2013). Serratia marcescens rhabdomyo-
lysis. Adv Inf Diseases, 3(02): 63-64

Miyata K, Maejima K, Tomoda K, Isono M (1970). Serratia protease.
Part I.Purification and general properties of the enzyme. Agric Biol
Chem, 34(2): 310-318

Nakahama K, Yoshimura K, Marumoto R, Kikuchi M, Lee I S, Hase T,
Matsubara H (1986). Cloning and sequencing of Serratia protease
gene. Nucleic Acids Res, 14(14): 5843-5855

Nirale N M, Menon M D (2010). Topical formulations of serratiopepti-
dase: development and pharmacodynamic evaluation. Indian J Pharm
Sci, 72(1): 65-71

Saitou N, Nei M (1987). The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Mol Biol Evol, 4(4): 406425

Subbaiya R, Ayyappadasan G, Mythili S V, Dhivya E, Ponmurugan P
(2011). Pilot scale microbial production and optimization of Serratia
peptidase from Serratia marcescens. J Ecobiotechnol, 3(12): 10-13

Trumbore MW, Rariy RV, Hirsh M, Hirsh J, Saunders JA(2005).
Composition for topical enzymatic debridement. Collegium Pharma-
ceuticals, Inc, USPT application no. 20050281806—A1

Valeria M D, Borin M F, Fonseca M J (2003). Topical formulation with
superoxide dismutase: Influence of formulation composition on
physical stability and enzymatic activity. J] Pharm Biomed Anal, 3
(32): 97-105

Weissmann G (2006). Homeopathy: Holmes, Hogwarts, and the Prince
of Wales. FASEB J, 20(11): 1755-1758

Yourassowsky E, van der Linden M P, Lismont M J, Crokaert F (1989).
Growth curve patterns of Escherichia coli, Serratia marcescens, and
Proteus vulgaris submitted to different tigemonam concentrations. J
Chemother, 1(Suppl 2): 49-53

Zuker M, Stiegler P (1981). Optimal computer folding of large RNA
sequences using thermodynamics and auxiliary information. Nucleic
Acids Res, 9(1): 133-148



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


