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ABSTRACT

Serrapeptidase is pharmaceutically, entomologically important protease isolated
from Serratia marcescens, a saprophytic organism. Presently available
pharmaceutical product, used as an anti-inflammatory drug, has been isolated from
Serratia piscatorum, an entrobacterium found in intestinal canal of silk worm. Here
we report the characterization of the geneisolated from an organism of plant source
with an objective to understand the biochemical basis of its encoded protein. The
genomic DNA of Serratia marcescens MTCC 8708 was isolated using standard
protocol and used as a source for the gene. Primers corresponding to Serrapeptidase
were designed based on the sequences available in the data base and gene
amplified. A single amplified DNA of 1.5Kb was purified and cloned into pJET 1.2
cloning vector and subjected for sequencing. The sequence analysis reveaed the
presence of single Open reading frame (ORF) of 1464 nucleotide with high G+C
content (58%) encoding a protein of 487 amino acid residues. The sequence
alignment using the BLAST search in NCBI Gen Bank showed 100% homology
with serralysin metalloprotease from Serratia marcescens strain 2170. The derived
amino acid sequence was further analyzed for conserved domains and motifs in
database which showed the presence of three conserved domains for Zinc binding
site and Histidine amino acid at active site. The similarities of these regions with
other proteases like thermolysin, and a neutral protease of Bacillus subtilis, suggest
that the derived amino acid sequence from the gene may correspond to a
metalloprotease. The gene may be used to produce a protein for pesticidal /
pharmaceutical application.

I ntroduction

Serrapeptidase is a  metaloprotease
(EC.3.4.24.40), first isolated from Serratia
piscatorum, an entrobacterium found in
intestina canal of silk worm (Kodamaet al.,
1965). The enzyme was tentatively named
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as Serratia peptidase for the reason of origin
(Miyata et al., 1971). Subsequently this
enzyme was also isolated from Serratia
marcescens ATCC 25419 (Decedue et al.,
1979). Serratia marcescens is a gram
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negative entrobacteria characterized by its
pink / red colony (Grimont and Grimont,
1984). It is omnipotent, found in water, soil,
bathtub, and sink etc. (Bayona et al., 2008
2009). A few species of entrobacteria secrets
protease extracellular, one such species is
Serratia marcescans (Schmitz and Braun,
1985).

According to Matsumoto et al. (1984)
clinical strains of Serratia species produce
more than four proteases. The major
metalloprotease (51 Kda) has anti
inflammatory activity. This enzyme breaks
down the protein debris which includes
toxins and other molecules released in
inflammation (Y amasaki et al., 1967). It acts
especially on dead cells such as scar tissue,
blood clot, cyst, mucus (Nakamura et al.,
2003), arterial plague and inflammated cells.
Dr. Hans Nieper identified the wonderful
property of serrapeptidase and subsequently
named it as ‘Miracle Enzyme’, which can be
used to dissolve blood clots and shrink/
diminish varicose veins (Alexander 11l and
and Eagle-Oden, 1999). After having
identified the potentiality of serrapeptidases
in pharmaceutical applications, attempts
have been made to isolate and purify the
major protease for subsequent use not only
as therapeutic agent but also in insecticidal
application (Mohankumar and Hari Krishna
Raj, 2011; Tao et al., 2007; Nakahama et
al., 1986). However the conventional
methods of isolating from the parent
organism have severa limitations like, high
cost involvement, due to low amount present
in the culture. Also possible presence of
impurities may cause problems in
application. More over purification to
homogeneity is not possible by conventional
methods of isolation from the cultured
organism, and homogenous preparation is
needed for above applications and also for
conducting  further  studies on its
characterization. Thus the well known
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rDNA approach isideal, need based and will
have no problem for getting regulatory
approval for subsequent application.

As a preliminary step in present work, the
gene of serratiopeptidase was amplified
from genome of Serratia marcescensMTCC
8708 (Selvakumar et al., 2008) and cloned
and sequenced. The sequence was further
analyzed by bioinformatics tools to
understand its characteristic features.

M aterials and M ethods

| solation of genomic DNA

Genomic DNA used in this study was
isolated from Serratia marcescens strain
SRM MTCC 8708 isolated from flowers of
summer sguash (cucubita pepa). Genomic
DNA was isolated by using Tri-Xtract (G-
Biosciences St. Leuis, Mo, USA) as per
manufacturer’s protocol. Briefly, single
colony of the bacteria was inoculated in LB
broth and grown over night. About 1X10’
(2 mL) bacterial cells were collected by
centrifugation, 1 mL of Tri-extract was
added and the cells were lysed by repeated
pipetting. Following incubation at room
temperature for 5 min, 200 uL of
chloroform was added and the contents were
mixed vigorously for 15 seconds. The
mixture was incubated for 30 minutes,
centrifuged at 12, 000 g for 15 min at 4°C.

The centrifuged tube contains a lower pink,
a colorless upper aqueous phase and phenol-
chloroform at interphase. The aqueous phase
containing RNA was discarded. The organic
phase containing DNA and protein as
impurities was purified by adding 300 uL of
100% ethanol and incubated at room
temperature for 3 min. The mixture was
centrifuged at 2000g for 5 min at 4°C. The
phenol/ethanol supernatant was carefully
removed and the pelleted DNA was washed
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with 1 mL 0.1M sodium citrate in 10%
ethanol at room temperature. The mixture
was centrifuged again at 2000g for 5 min.
For the final wash, the pellet was suspended
in 1.5 mL 70% ethanol and then centrifuged
at 2000g for 5 min at 4°C and the DNA
pellet was air dried for 15 min. Finally, the
DNA was resuspended in 300uL of 8mM
NaOH to give a final concentration of
0.3ug/uL. The final pH was adjusted to 8.4
with HEPES buffer for PCR amplification.

Amplification of serrapeptidase gene by
PCR

The serrapeptidase gene was amplified using
specific forward [Ser pep (L): %
GGAAGCTTCATATGCAATCTACTAAA
AAGGCAAT] and reverse [Ser pep (R):
5’GCGAAGCTTACACGATAAAGTAGT
GGCGACGT] primers which were designed
based on the sequence available in database.
The primers were used at working dilution
of 20pm/pul in sterile filtered water (FQW).

Optimum annealing temperature was
determined by employing gradient PCR.
Amplification reaction was carried out in
0.5 ml thin walled PCR tubes in a reaction
mixture of 50 ul which consisted of 20 pm
of each primer, 25 mM Tris - HCI (pH 8.3),
50 mM KClI, 1.5 mM MgCl,, 200mM each
of four dNTPS, 100ng template DNA and 1
unit of Tag DNA polymerase (Accu. Taq,
Sigma). The PCR conditions used were;
initial denaturation at 95°C for 5 min,
followed by 35 thermal cycles, each with
denaturation at 94°C for 1 min, annealing at
60°C for 1 min and extension at 72°C for 3
min with a final extension at 72°C for 10
min in an Eppendorf Master Cycler 5330
(Germany). No template DNA was used in
negative control. The amplified DNA
fragments were runned in 1% agarose gel
electrophoresis along with negative control.
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Cloning of serrapeptidase gene in pJET
1.2 cloning vector

PCR product was purified from Agarose gel
using GeneJET PCR Purification Kit (#
k0701, Thermo Scientific, USA). The
overhangs generated by Tag DNA
polymerase in purified PCR fragment was
removed using DNA blunting enzyme. The
blunting reaction mixture contained about 1
pl purified DNA, 10 uL of 2X reaction
buffer, 17 pL of nuclease free water and 1
puL  DNA Dblunting enzyme (Thermo
Scientific, USA). The contents were mixed
by vortexing, centrifuged for 3-5 seconds
and incubated at 70°C for 5min. The ligation
reaction was carried out by adding 1 ul of
pJET 1.2 cloning vector and 1 uL T4 DNA
ligase enzyme with the blunted PCR
product. The ligation mixture was kept at
22°C for 5 min. The ligated mixture (1 ul)
was transferred into competent E. coli DH o
cells and plated on LB agar containing
50ug/mL ampicillin. The plates were kept
overnight in an incubator at 37°C.

Sequencing and sequence analysis

Colonies were screened by colony lysis and
colony PCR. Plasmid DNAs were prepared
from two of the positive clones and were
subjected for sequencing at the facility
available with Chromous Biotech Pvt Ltd.,
Bangalore, India, using ABI 3730 XL
Genetic Analyzer. Sequence analysis was
performed using the NCBI online
programme  “BLAST”  (http:/blast.nch
nim.nih.gov/).

Results and Discussion

Amplification of 1.5 Kb serrapeptidase
gene by PCR:

Genomic DNA of Serratia marcescens
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(MTCC 8707) was extracted as described
above. Serrapeptidase gene was amplified
using suitable primers. The amplified DNA
of 1.5 kb was analyzed by 1% Agarose gel
electrophoresis ((Fig. 1). As seen in the
figure, 2™ lane, a single intense band of size
1.5 kb was visible in the case of positive
reaction with DNA template which is not
seen negative control, indicating that the
PCR product is the specific gene amplified
from the template using serrapeptidase
specific primers.

Cloning of serrapeptidase gene in pJET
1.2 cloning vector

The purified PCR product was ligated into
pJET1.2 cloning vector. The ligated mixture
was transferred into competent E. coli DH

5a and plated on LB agar plate (Ampillicin
resistance). Only cells with recombinant
plasmids were propagated because pJET 1.2
vector contains a lethal gene, which
disrupted by ligation of a DNA inserted into
cloning site. Above 10 transformants with
white colonies were observed. The white
colonies were subjected to lyss and
analyzed by 1% Agarose gel stained with
ethidium bromide to check there mobility.
Plasmids from al the 10 were found to be
migrating slower than the control vector
(Figure not shown), indicating that these are
positive for the presence of inserted DNA.
Plasmid DNAs from two of the positive
colonies were purified and further studied
for the presence of serrapeptidase gene by
sequence analysis.

Fig. 1 Agarose gel electophoresis of amplified gene
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Fig. 2 Nucleotide sequence of the cloned serratio peptidase gene [initiation codon (ATG) and

ORIG N

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441

Fig.3 Sequence alignment showing homology between the cloned Serrapeptidase gene and

ATGCAATCTA
GGTTACGATG
AATGGCAAGG
ACCTGGAACG
TATAAGTTCT
CAGCAGCAGC
ACCGAAGTGG
CCOGGCCACT
GGOCAGGATT
GCGACCGAAG
AGCCACCCGG
GCGGAAGATA
GACAACGGCG
CTGTATGGCG
ACCGGTCGTG
GATGCGGGCG
CTGAACGAGA
GGTGTGACCA
GCCAACAACG
GATGAATTGT
GCACCGGGOG
TCGTTCTTCA
GGCACGGCCG
GTGAACATCG
GTCGCCACTG
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termination site (TAA) underlined]

CTAAAAAGEC
CTGTAGACERA
ATTCATTTTC
GITACAAGGT
CTTCCACCAA
AGGCTAAGCT
CGECCGGTCA
ATGATTACGG
TGGGECGGECCA
ACTACGGECCG
GCGACTACAA
CCCGCCCAGTT
GICACTATGC
CCAACCTGTC
ACTTCCTCAG
GCAACGATAC
AATCGITCTC
TTGAGAACCC
TGCTGAAAGG
GGEEECGGETEC
CTTCAGACTG
ATAAAGAAGC
GIGAGGECECT
GIGGGCATCA
ACTTTATCGT

AATTGAAATT
CCTGCTGCAT
TAACGAGCAA
ATTTGGCCAG
CGICECCEEC
GICGCTCCAG
AAAGGCCAAT
CACCCAGECC
GACCTGGTAC
CCAGACGITC
CCCCGGTGAG
CAGCCTGATG
CGCGECTCCG
GACCCGCACC
CACCACCAGC
CTTCGACTTC
CGACGTGEEC
CATTGECGEGET
CGECECEEET
CGCCAAAGAC
GATCCGCGAC
GCAGAGCAGC
GCTGAGCTAC
GGCGCCCGAC
GTAA

ACTGAATCCA
TATCATGAGC
GCTGEECTGT
CCGGTCAAAT
GACACCGGEEC
TCCTGEECCG
ATCACCTTCG
TACGCCTTCC
AACGTCAACC
ACCCATGAGA
GGCAACCCGA
AGCTACTGGA
CTGCTGGATG
GGCGACACCG
AACTCGCAGA
TCCGGITACA
GGCCTGAAGG
TCCGGECAACG
AACGACGTGC
ATCTTCGIGT
TTCCAGAAGG
GATTTCATTC
AACGCGT CCA
TTCCTGGTGA

GCCTCGCTGEC
GGGEGTAACGG
TTATTACCCG
TAACCTTCTC
TGAGCAAGIT
ACGTCGCCAA
GCAATTACAG
TGCCGAACAC
AATCCAACGT
TTGGCCATGC
CCTATAGAGA
GIGAAACCAA
ACATTGCCGC
TGTACGCECTT
AAGTGATCTT
CCGCTAACCA
GCAACGICTC
ACGTGATCGT
TGTTCGECGG
TCTCTGCCGC
GGATCGACAA
ACTTCGTCGA
GCAACGTGAC
AAATCGTCGG

corresponding gene of Serratia marcescens strain: 2170

Serratia marcescens ser gene for serralysin metalloprotease,

CGCGACAACC
GATTCAGATT
TGAGAACCAA
GITCCCGGAC
CAGCGCGGAA
TATCACCTTC
CCAGGATCGT
CATTTGCECAG
GAAGCATCCG
GCTGEECCTG
TGTCACCTAT
TACCGGTGEC
CATTCAGCAT
TAACTCCAAT
TGCGECCTCG
GCGCATCAAC
GATCGCCGECC
CGGECAACGCG
CGECEEEECG
CAGCGATTCC
GATCGACCTG
TCACTTCAGC
AGATTTGICG
CCAGGTAGAC

W .
Select seq dbj|AB873002.1  complete cds, strain: 2170

Length: 1482

Features in this part of subject sequence:

Serratio peptidase

Score = 2687 bits(1455), Expect =0.0
|dentities = 1461/1464(99%), Gaps = 0/1464(0%)
Strand = Plus / Plus

Query 1
Shj ct
Query
Shj ct
Query
Shj ct

19

61

79

121

139

ATGCAATCTACTAAAAAGGCAATTGAAATTACT GAAT CCAGCCTCGCTGCCGCGACAACC 60

ATGCAATCTACTAAAAAGGCCAATTGAAATTACT GAAT CCAGCCTCGCTGCCGCGACAACC 78

GGTTACGATGCTGTAGACGACCT GCTGCATTATCATGAGCGEGGTAACGEGATTCAGATT 120

GGITACGATGCTGTAGACGACCTGCTGCAT TATCATGAGCGGGEGTAACGGGATTCAGATT 138

AATGGCCAAGGATTCATTTTCTAACGAGCAAGCT GEGCTGT TTATTACCCGT GAGAACCAA 180

210

AATGCCAAGGATTCATTTTCTAACGAGCAAGCTGGEGCTGI TTATTACCCGT GAGAACCAA 198



Query
Shj ct
Query
Shj ct
Query
Shj ct
Query
Shj ct
Query
Shj ct
Query
Shj ct
Query
Shj ct
Query
Shj ct
Query
Shj ct
Query
Shj ct
Query
Shj ct
Query
Shj ct
Query
Shj ct
Query
Shj ct

181

199

241

259

301

319

361

379

421

439

481

499

541

559

601

619

661

679

721

739

781

799

841

859

901

919

961

979
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ACCTGGAACGGT TACAAGGTAT T TGGCCAGCCGGTCAAATTAACCTTCTCGT TCCCGGAC

VLT e e e e e e e e L e |
ACCTGGAACGGT TACAAGGTAT TTGGCCAGCCGGT CAAAT TAACCT TCTCGT TCCOGGAC

TATAAGT TCTCTTCCACCAACGT CGCCGECGACACCGEEECT GAGCAAGT TCAGCGCGGAA

N R AR R AR AR ARy
TATAAGT TCTCTTCCACCAACGT TGOCGGOGACACCGEECT GAGCAAGT TCAGCGCGGAA

CAGCAGCAGCAGGCTAAGCT GT CGCTGCAGT CCTGGEECCGACGT CGCCAATATCACCTTC

AR AR A AR AR RN
CAGCAGCAGCAGGCTAAGCT GTCGCT GCAGT CCT GGGECCGACGT CGCCAATATCACCTTC

ACCGAAGT GECGEGECCGGT CAAAAGGCCAATAT CACCT TCGGECAAT TACAGCCAGGAT CGT

AR R N AR RN E AR RNEEN ANy
ACCGAAGT GECGGOCGGT CAAAAGGCCAAT ATCACCT TCGGCAAT TACAGCCAGGATCGT

CCCGGCCACTATGAT TACGECACCCAGGCCTACGCCT TCCTGCCGAACACCATTTGGECAG

R AN R AR AR A AR RN
CCOGGCCACTATGAT TACGGCACCCAGGOCTACGCCT TCCTGCCGAACACCAT TTGGCAG

GGCCAGGAT TTGGGECGGECCAGACCT GGTACAACGT CAACCAAT CCAACGT GAAGCATCCG

||||||I||I||I||I||I||I||I||||||||||I||I||I||||||||||||||||||
GGOCAGGAT TTGBGECGECCAGACCT GGTACAACGT CAACCAAT CCAACGT GAAGCATCCG

GCGACCGAAGACT ACGGECCGCCAGACGT TCACCCATGAGAT TGECCATGCGCTGEECCTG

R R AR AR AN AN AN AR
GCGACCGAAGACT ACGGCOGCCAGACGT TCACCCAT GAGAT TGBCCATGOGCT GGGCCTG

AGCCACCCGGEECGACT ACAACGCCEGT GAGEECAACCCGACCTATAGAGATGI CACCTAT

R AR R R A AN RNy
AGCCACCCGGECGACT ACAACGCCGGT GAGGGCAACCCGACCTATAGAGATGT CACCTAT

GCGGAAGATACCCGCCAGT TCAGCCT GATGAGCTACT GGAGT GAAACCAATACCGGTGGC

RN AR RN
GCGGAAGATACCCGCCAGT TCAGCCT GATGAGCTACT GGAGT GAAACCAATACCGGT GGC

GACAACGGCGGT CACTAT GCCGCGGECT CCGCTGCT GGATGACAT TGCCGCCAT TCAGCAT

||||||I||I||I||I||I||I||I||||||||||I||I||I||I||I||I||||IIIII
GACAACGGCGGT CACTATGOOGCGGECT COGCT GCTGGAT GACAT TGCCGOCAT TCAGCAT

CTGTATGGCGCCAACCT GT CGACCCGCACCGGECGACACCGT GTACGCCTTTAACT CCAAT

AR R R A AR R R AR
CTGTATGGCGCCAACCT GT CGACCCGCACCGGOGACACCGT GTACGGCT TTAACTCCAAT

ACCGGT CGT GACT TCCT CAGCACCACCAGCAACT CGCAGAAAGT GATCT TTGCGECCTGG

R R AR AR R AR EEERAA Y
ACCGGT CGTGACT TCCT CAGCACCACCAGCAACT CGCAGAAAGT GATCT TTGCGGCCTGG

GATGCGEECGECAACGATACCT TCGACT TCTCCGGT TACACCGCTAACCAGCGCATCAAC

I|II|II|II|II|II|II|II|II|II|II|II|II|II|II|II||||||||||||||
GATGOGGGCGGCAACGATACCT TCGACT TCTCCGGT TACACCGCTAACCAGCGCATCAAC

240

258

300

318

360

378

420

438

480

498

540

558

600

618

660

678

720

738

780

798

840

858

900

918

960

978

CTGAACGAGAAATCGT TCTCCGACGT GEECGEECCT GAAGEECAACGT CTCGATCECCECCL020

R R R AR A AR R A AN
CTGAACGAGAAATCGT TCTCOGACGT GGGOGGCCT

211

GAAGGGECAACGT CTCGATCGCCGCC1038
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1021 GGTGTGACCATTGAGAACGCCAT TGECGGT TCCGECAACGACGT GATCGT CGGCAACGCGL080

AN AR RN A A R A AR R A AR
GGTGT GACCAT TGAGAACGCCAT TGECGGT TCOGGCAACGACGT GATCGT CGGCAACGCGL098

Query

Sbjct 1039

1081 GCCAACAACGT GCTGAAAGGECGECGCEEGET AACGACGT GCTGT TCGECEECEECEEEECE1 140

RN AR AR R RN RN RN
GCCAACAACGT GCT GAAAGGCGGOGCGGGT AACGACGT GCTGT TCGGOGGECGGOGEEGCGL 158

Query

Sbjct 1099

1141 GATGAATTGIGEEECAEET GCCGECAAAGACATCTTCGTGT TCTCTGCCGCCAGCGATTCC1200

AN AR AR R R AR
GATGAATTGT GBGEGCGGT GCCGGCAAAGACAT CTTCGT GT TCTCTGCOGCCAGCGATTCC1218

Query

Shjct 1159

1201 GCACCGGEECCCT TCAGACT GGAT CCGCGACT TCCAGAAGGEGEGAT CGACAAGATCGACCTGL260

R R R AR RN RN RN RN
GCACCGGGCGCT TCAGACT GGATCOGCGACT TCCAGAAGGGGAT CGACAAGATCGACCTGL 278

Query

Shjct 1219

1261 TCGITCTTCAATAAAGAAGCGCAGAGCAGCGATTTCATTCACTTCGTCGATCACTTCAGCL320

RN R AR A RN AR
TCOGT TCTTCAATAAAGAAGCGCAGAGCAGCGAT TTCATTCACT TCGT CGATCACT TCAGC1 338

Query
Sbjct 1279
1321 GGCACGGCCGGTGAGGOGCT GCTGAGCTACAACGOGT CCAGCAACGT GACAGATTTGTCGL380

R AR AR AR AR AR AR
GGCACGGCCGGT GAGGOGCT GCTGAGCTACAACGCGT CCAGCAACGT GACCGATTTGTCGL398

Query

Shjct 1339

1381 GIGAACATCGGT GGGECATCAGGCGECCGGACT TCCTGGTGAAAAT CGT CGECCAGGTAGACL 440

R R AR A AR RN AR AR
GTGAACAT CGGT GBGCAT CAGGOGCCGGACT TCCTGGT GAAAAT CGTCGECCAGGTAGACL 458

Query

Sbjct 1399

1441 GICGCCCACTGACTTTATCGIGTAA 1464

LLCEEEE TR
GTCGOCACGGACTTTATCGTGTAA 1482

Query

Sbjct 1459

Fig.4 Deduced amino acid sequence of Serratia marcescens serrapeptidase gene (Zinc ligand binding
domains are underlined and * active site amino acid)

1 ATGCAATCTACTAAA
1M QS T K
61 GGTTACGATGCTGTA
21 G Y D A V

121 AATGGCAAGGATTCA
41 N G K D S

181 ACCTGGAACGGTTAC
61 T W N G Y

241 TATAAGTTCTCTTCC
81 Y K F S S

301 CAGCAGCAGCAGGCT

101 Q Q Q Q A

361 ACCGAAGTGGCGGCC

121 T E V A A

421 COCGGCCACTATGAT

141 P G H Y D

481 GGOCAGGATTTGGGC

161 G Q D L G

541 GOGACCGAAGACTAC

181 A T E D Y

AAGGCAATTGAAATT ACTGAATCCAGCCTC GCTGCCGCGACAACC
K Al EI TESSL AAATT
GACGACCTGCTGCAT TATCATGAGCGGGGT AACGGGATTCAGATT
DDLLH YHERG NGI QI
TTTTCTAACGAGCAA GCTGGGCTGTTTATT ACCCGTGAGAACCAA
F SNEQ AGLTF FEFI TRETNDQ Q
AAGGTATTTGGCCAG CCGGTCAAATTAACC TTCTCGTTCCCGGAC
K VF GQ PV KLT FSFTPTD
ACCAACGTCGCCGGC GACACCGGGCTGAGC AAGTTCAGCGCGGAA
T NVAG DTGL S KFSATE
AAGCTGTCGCTGCAG TCCTGGGCCGACGTC GCCAATATCACCTTC
K LSLQ SWADV ANI TF
GGTCAAAAGGCCAAT ATCACCTTCGGCAAT TACAGCCAGGATCGT
GQKAN I TFGN Y S QDR
TACGGCACCCAGGCC TACGOCTTCCTGOCG AACACCATTTGGCAG
Y GT QA YAFLP NTI WOQ
GGCCAGACCTGGTAC AACGTCAACCAATCC AACGTGAAGCATCCG
GQTWY NVNOQS NVIKHTP
GGOCGCCAGACGTTC ACCCATGAGATTGGC CATGOGCTGGGCCTG
GRQTTF T*HE I G *HAL G L

212
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601 AGCCACCCGECECGAC TACAACGCCGGTGAG GGCAACCCGACCTAT AGAGATGICACCTAT

200 s H P G D

Y N A G E

G NPTY RDVTY

661 GCCGAAGATACCCGC CAGITCAGCCTGATG AGCTACTGGAGTGAA ACCAATACCGGTGEC

221 A E D T R Q F S L

S YWSE T NT GG

721 GACAACGGCGGTCAC TATGCCGCGGCTCCG CTGCTGGATGACATT GCCGCCATTCAGCAT

241 D N G G H

261 L Y G A N

Y A A AP
781 CTGTATGGCGCCAAC CTGICGACCCGCACC
L S TRT

L L D D I A A1l QH
GGCGACACCGTGTAC GGCTTTAACTCCAAT
G DTVY GFNSN

841 ACCGGTCGTGACTTC CTCAGCACCACCAGC AACTCGCAGAAAGTG ATCTTTGCGECCTGG

281 T G R D F

301 D A G G N

L S T T S
901 GATGCGGGECGEECAAC GATACCTTCGACTTC
D T F D F

N S QK V I F A AW
TCCGGITACACCGCT AACCAGCGCATCAAC
S GY T A N QR I N

961 CTGAACGAGAAATCG TTCTCCGACGTGGEGEC GGCCTGAAGGGCAAC GTCTCGATCGCCGCC

321 L N*E K S

F S DV G

G L KGN V SI AA

1021 GGTGTGACCATTGAG AACGCCATTGECGGT
341 G vV T I E N A | G G
1081 GCCAACAACGTICCTG AAAGGCGECGECEEET
K G G A G
1141 GATGAATTGTGGGEEC GGTGCCGECAAAGAC
G A G K D
1201 GCACCGGEECGECTTCA GACTGGATCCGCGAC
401 AP G A S D WI R D
1261 TCGTTCTTCAATAAA GAAGCGCAGAGCAGC
E A Q S S
1321 GGCACGCECCGGTGAG GCCCTGCTGAGCTAC
AL L S Y
1381 GTGAACATCGGTGEG CATCAGGCGCCGGAC

361 A N N V L

381 D E L W G

421 S F F N K

441 G T A G E

461 V NI G G H Q A P D

1441 GTCGCCACTGACTTT ATCGTGTAA

481 V A T D F | V *
Sequence analysis

A nucleotide sequence of 1500 bp could be
read from the ladder sequence. The derived
amino acid sequence showed single open
reading frame of 1464 nucleotides (Fig. 2)
encoding a protein of 487 amino acid
residues (Fig. 4).

The sequence has an ATG codon at
nucleotide position 1-3 and a termination
codon at nucleotide position 1462-1464. The
sequence was compared with the published
sequence (Fig. 3), which showed homology
of 100% with Serralysin metalloprotease
gene of Serratia marcescens, strain 2170.
The sequence was submitted to NCBI
genbank nucleotide database and accession
number (KP869847) was obtained. The GC

TCCGGCAACGACGTG ATCGTCGGCAACCCG
S GNDV I V G NA
AACGACGTICCTGITC GECGECEECEEEECE
N DVLF G GGGA
ATCTTCGTGITCTCT GCCGCCAGCGATTCC
I F V F S A A S D S
TTCCAGAAGGEGGATC GACAAGATCGACCTG
F Q K G | D K1 DL
GATTTCATTCACTTC GICGATCACTTCAGC
bDFI HF V DHF S
AACGCGTCCAGCAAC GTGACAGATTTGICG
NAS SN V TDIL S
TTCCTGGTGAAAATC GTICGECCAGGTAGAC
F L V K I vV G Q VvV D

content of the amplified gene was 58% and
AT content was 42%. The derived amino
acids from the sequenced nucleotides were
found to be of 487 amino acids (Fig. 4) with
the stop codon TAA at 1464 bp from ATG
(start codon). The derived amino acid
sequence has total of 56 acidic amino acids
including 18 glutamic acid residues and 38
aspartic acid residues, and 29 basic amino
acids including 10 arginine residues and 19
lysine, yielding a net negative charge on
protein rendering the protein acidic.

In silico analysis of the conserved domains
using databases available at:

wrpsb.cgi  clearly showed that the

serrapeptidase has a conserved domain
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which isresponsible for the zinc binding and
contains the motif 192 HEIGHAL 199,240
GDNGGHY 247,321 LNEKSFSDVGG 331
and His- 192,196 residue and Glu- 323 at
active site (Fig. 4), hence it belongs to zinc
metall oprotease super family.

The similarities of these conserved domains
with other proteases like thermolysin,
Bacillus subtilis neutral protease, suggest
that the derived amino acid sequence may be
a metalloprotease. The new Genetic
engineering approaches have helped to
express gene of interest in heterologous host
resulting in overproduction of the gene
product.

Similarly cloning of Serrapeptidase gene in
heterologous host will help in qualitatively
and quantitively better protease production
for further biochemical characterization.
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