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Abstract

The aim of this study was to clone the serine alkaline protease-encoding gene from Bacillus subtilis 168.
This protease, which can have many applications especially in detergent, may be industrially an important
enzyme. For the amplification of the gene, PCR was performed with a pair of primers specifically designed
for this purpose. Electrophoresis of the PCR product showed the expected band of 1329 bp. Restriction
analysis also confirmed the integrity of the PCR product. After ligation of amplified gene into pTZ57R by
the method of TA cloning, digestion with appropriate restriction enzymes confirmed the integrity of the
cloned gene. Successful cloning of the protease gene from B. Subtilis could pave the way for the expression

studies in a suitable host.
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INTRODUCTION

Proteases are one of the most important
industrial enzymes that are used in many
industries, such as detergent, food, pharma-
ceutical, textile and leather industry (1-3).
Alkaline proteases that are active in akaline
pH and high temperatures are industrially
more important, especialy in detergent
industry (3-5). Although these enzymes have
been found in many viruses, fungi and
animals, bacterial alkaline proteases have more
importance (1,6). Among the bacteria, many
species of the genus Bacillus are widely used
inindustrial production of proteases (7).
Bacillus subtilis 168 as a member of this
genus that can produce severa proteases is
also used as a host organism for cloning. This
is a gram-positive aerobic rod-shape bacterium
with ability to produce endospore and lives in
water, soil and plant residues (8,9). B. subtilis
168 produces a variety of extracellular
proteases at the end of the exponential phase
of its growth (10,11). This bacterium also
produces an intracellular alkaline protease
called alkaline protease X. This protease that is
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expressed in stationary phase of bacterial
growth has significant similarity to subtilisins,
thermitases and pyrolysins (12). As mentioned
above, proteases isolated from bacteria have
widespread industrial uses. In this study the
protease gene from Bacillus species was
cloned for future production of this enzymein
our laboratory.

MATERIALSAND METHODS

Bacterial strains and plasmids

The B. subtilis 168 used in this study was
purchased from DSMZ (Germany, DSM No.
402). E. coli Hb101 as the host cell was
provided by Cinnagen (Tehran, Iran).
Oligonuclectide primers were synthesized by
Fazabiotech (Tehran, Iran). Taq polymerase
was purchased from BioRon (Tehran, Iran).
The vector pTZ57R, DNA ligase, DNA
molecular size marker, Hindlll digested
ADNA and al restriction enzymes were from
Fermentas (Tehran, Iran). High Pure PCR
template preparation kit, QIA quick gel
extraction kit and Ins T/Aclone PCR product
cloning kit were prepared from Roche, QiaGen
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and Fermentas, respectively. All other
chemicals were from Merck (Tehran, Iran).

Amplification of the gene by PCR

After the overnight culture of B. subtilis
168 in LB broth, the genome of the bacterium
was extracted by High Pure PCR Template
Preparation Kit. PCR was performed using the
forward primer (22mer, 5-
CATATGTTTGGGTACTCTATGG-3) and
the reverse primer (25mer, 5-
GGATCCTTATTGGCCGGGAACGGAA-
3'). Two ul of B. subtilis extracted genome (60
ng) was amplified in a 50 ul reaction mixture
containing 2.5 uM of each primers, 5 u of Taq
polymerase, 0.5 mM each deoxyribonucleotide
triphosphateand 10X-PCR buffer (containing 2
mM MgCl,). The thermocycling profile was as
fallow: initial denaturation at 94 °C for 5 min;
35 repeated cycles of 94 °C for 1 min, 55 °C
for 2 min, and 72 °C for 3 min; and a fina
extension of 72 °C for 20 min. The PCR
product was analyzed using 0.8% agarose gel
electrophoresis and digestion with restriction
enzymes at 37 °C for 1 h.

Construction of the cloning vector containing
alkaline protease gene

The PCR product was extracted from the
0.8% agarose gel using QIA quick Gel
Extraction Kit. The amplified gene was
inserted into pTZ57R cloning vector by
TAcloning method. For this purpose the insert
and vector (molar ratio of 3/1, respectively),
DNA ligase (1 u) and its buffer were added at
final volume of 10 pl and incubated at 16 °C
overnight. Transformation was carried out by
heat shocking the E. coli Hb101 competent
cells prepared by CaCl, method 39 °C for 1
min (13). After the screening of transformed
colonies on LB agar-ampicillin culture
medium, plasmid preparation was accomp-
lished by akaline lysis method (13). The
recombinant plasmids were confirmed with
appropriate restriction enzymes

RESULTS

Amplification of the gene

After the electrophoresis of the PCR
product, a band of approximately 1300 bp was
observed as shown in Fig. 1. The PCR product
was then digested by Xbal and EcoRI enzymes
and was run on 0.8% agarose gel. Restriction
enzymes anaysis showed two bands of
approximately 500 bp and 800 bp for Xbal,
and two bands of nearly 250 bp and 1100 bp
for EcoRI as shownin Fig. 2.

Construction of the cloning vector

After ligation and transformation, the
product was spread on LB agar-ampicillin and
incubated in 37 °C for an overnight to screen
the transformed colonies. Fifty seven colonies
were observed on plate. Plasmid preparation
was performed for a number of colonies. To
screen the recombinant plasmids, the prepared
plasmids were digested by EcoRI. Two bands
about 1100 bp and 3000 bp were observed as
shown in Fig. 3. Further analysis was carried
out by double digestion with Ndel and BamHl,
causing isolation of insert from vector. The
electrophoresis showed two bands of
approximately 1300 bp and 3000 bp asin Fig.
4.
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Fig. 1. Electrophoresis of the PCR product of akaline
protease gene from Bacillus subtilis 168. After PCR, 5
pl of the product was run on 0.8% agarose gel
electrophoresis. The expected band of approxi-mately
1300 bp was observed. Lane 1: DNA size marker 100
bp, Lane 2: PCR product sample.



Fig. 2. Anaysis of the PCR product of alkaline
protease gene with restriction enzymes. For
confirmation of the correctness of the amplified gene
two sample of it were digested with EcoRI and Xbal
enzymes, separately and then were run on 0.8%
agarose gel electrophoresis with a DNA size marker
100 bp. By the enzyme EcoRI, two bands of
approximately 1100 bp and 250 bp and by Xbal two
bands of nearly 800 bp and 500 bp must be shown.
Lane 1: DNA size marker 100 bp, Lane 2: Digested
sample of Apr gene with enzyme EcoRI, Lane 3:
Digested sample of Apr gene with enzyme Xbal.
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Fig. 3. Analysis of pTZ57R/akainepro plasmids
prepared from colonies with EcoRI. To screen the
recombinant  pTZ57R/akalinepro  plasmids, the
plasmids prepared from colonies were digested by
EcoRl and then were run on 0.8% agarose gel
electrophoresis with a DNA size marker 100 bp. Two
bands about 3000 bp and 1100 bp must be observed
after digestion. Lane 1: DNA size marker 100 bp, Lane
2-10: Prepared and digested pTZ57R/alkalinepro
plasmids with EcoRl.
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Fig. 4. Anadysis of pTZ57R/akainepro plasmids
prepared from colonies with Ndel-BamHI double
digestion. Further screening of the recombinant
pTZ57R/ dkalinepro plasmids was performed by
double digestion with Ndel and BamHI enzymes and
then the samples were run on 0.8% agarose gel
electrophoresis with a DNA size marker 100 bp. Two
bands about 3000 bp and 1300 bp must be observed
after digestion, representing the vector and the isolated
insert respectively. Lane 1. DNA size marker 100 bp,
Lane 2 and 3: Digested pTZ57R/ alkalinepro plasmids
with both Ndel and BamHI.

DISCUSSION

The aim of this study was to clone the
alkaline protease gene of B. subtilis 168. The
size of PCR product conformed to expected
size i.e. 1329 bp. The results obtained from
digestion of the PCR product with the
restriction enzymes confirmed the correctness
of gene amplify-cation. After cloning of the
gene, restriction of the plasmid product with
appropriate enzymes confirmed the integrity of
cloning. Isolation of insert from vector using
double digestion method further confirmed the
correctness of cloning.

As we discussed before, many studies have
been performed in cloning of alkaline protease
gene from Bacillus species. The gene encoding
subtilisin Carlsberg from B. licheniformis have
been cloned in pPBR322 vector by Jacob et al.
(1985) that has a 1137 bp open reading frame
(ORF) encoding 379 aa (14). Peng et 4.
(2003) have cloned the subtilisin DFE gene
from B. amyloliquefaciens DC-4 in pGEM-T
plasmid that has a 1146 bp ORF encoding 382
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aa (15). Also B. lentus and B. alkalophilus
alkaline protease genes have been cloned and
seguenced which both encode 380 aa proteins
(7,16). As the sequence analysis of akaline
proteases of subtilase super family shows,
amost all of them have total length of about
380 aa.

In this study we could clone the B. subtilis
168 akaline protease X gene in pTZ57R
cloning vector by the fast method of
TAcloning. This enzyme is a member of
subtilisin like protease family with a 1326 bp
ORF encoding a 442 aa protein.
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