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Proteases are potential enzymes that utilized in various industrial fields, and the
demand of these enzymes is increasing. Bacillus halodurans CM1 is Indonesia indigenous
bacterium which is detected to be able to produce alkalotermophilic protease enzyme. In this
study, we subcloned the protease gene consist of Open Reading Frame of protease gene and
its promoter from Bacillus halodurans CM1 in Bacillus subtilis DB104 via conjugation, and
analyzed the expression of the recombinant protease. The protease gene is 1 417 bp length
including the open reading frame and the promoter, and obtained by PCR and cloned into pGEM
T easy. After confirmed by sequencing, the gene was subcloned into vector pPBBRE194, then the
recombinant plasmid was transformed into E. coli S17-1. This E.coli was then conjugated to
Bacillus subtilis DB104. The target recombinant B. subtilis DB104 has been obtained confirmed
by plasmid verification and erythromycin resistance. The recombinant protease produced
showed the highest enzyme activity at 50°C and pH 9 (with pH range 5-9) which with protease
activity 13.66 U/mL.
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Proteases are proteolytic enzyme that
catalyze the breakdown of proteins through
hydrolysis of peptide bonds. Proteases enzyme
are ubiquitous and being found all living organism
because is crucial for cell growth and differentiation
1.2 They can be produced by various type of
organisms, including bacteria, actinomycetes,
yeast, mold, and animal tissues®. The use of
microorganisms such as bacteria to produce
enzyme has many advantages. These advantages
are easily produced on a large scale, relatively short
production time, and can be produced sustainably
at low cost*.

*Corresponding author E-mail: is.helianti@bppt.go.id

Proteases have high commercial value
in the industrial fields. They widely used in the
food, animal feed, pharmaceutical, leather tanning,
and detergent industries. Moreover, proteases are
one of the largest selling enzymes in the world,
accounting for 60% of the total commercialized
enzymes> ¢. Industries generally use protease
produced by bacteria. The type of bacteria that is
widely used for protease production comes from
the genus Bacillus’. Several studies of protease
gene cloning have been reported from Bacillus
pumilus, Bacillus halodurans JB99, and Bacillus
licheniformis 2709%% 10, Several species of Bacillus
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sp. are also known to have the ability for producing
alkalothermophilic protease. This protease active
at pH>7 and resistant in high temperatures', so
that make it suitable for harsh industrial processes.
Therefore, many studies have been conducted to
find new isolates as producer of alkalotermophilic
protease enzymes.

Bacillus halodurans CM1 is Indonesia
indigenous alkalotermophilic bacteria, that was
successfully isolated by the Center for Bioindustrial
Technology, BPPT from hot spring sediment,
Cimanggu, West Java. Based on the analysis of 16S
rRNA gene and biochemical characteristics, it was
identified as a new strain with 99% similarity to B.
halodurans C-125"2. Bacillus halodurans C-125 is
one of the strains of species B. halodurans whose
whole genome has been readily determined'* .
Bacillus halodurans CM1 was identified as a new
strain, because it has different morphological and
biochemical characters with B. halodurans C-125.

Bacillus halodurans CM1 produces
potential xylanase enzyme and show activity of
other enzymes, such as protease, amylase, and
gelatinase'. Cloning of the ORF of protease gene
from B. halodurans in E. coli DH54 has been
reported by Helianti'®. However, the cloning of
the whole gene with the promoter and expressed
in Bacillus subtilis has not been reported yet. This
protease gene consists of the open reading frame
(ORF) and the original promoter region (upstream)
measuring 1 411 bp. It had 99% similarity with
alkaline thermostable protease of B. halodurans.

Bacillus halodurans CM1 has great
potential, because it has not been genetically
engineered (wild type) and commercialized. It
can also produce alkalotermophilic protease that
make it promising opportunity to be developed
and utilized in the industrial scale. Therefore, in
this study we subcloned the protease gene from 5.
halodurans CM1, then transformed it to Bacillus
subtilis DB104 via conjugation and analyzed the
expression of the recombinant gene product.

MATERIAL AND METHODS

Strains, Plasmids, and Media

The bacterial strain originally used as host
for obtaining and maintaining the recombinant
plasmid was E. coli DH54. Escherichia coli S17-1
served as the donor and Bacillus subtilis DB104 as

the recipient cell in conjugation experiments. The
plasmid DNA of pGEM-T easy containing protease
gene from B. halodurans CM1 served as the
source of the protease gene and the plasmid DNA
of pBBRE cell-A served as the vector. Cloning
vector pPBBRE194 used is conjugative shuttle
vector of E. coli-Bacillus. It was constructed from
pE194 and PBBR MCS3, that carries two origins
of replication as well as two antibiotic resistant
genes (erythromycin and tetracycline) [16]. All
strains and plasmids are collection of Center for
Bioindustrial Technology, Agency of Assessment
and Application of Technology (BPPT). LB and
LB-skim milk media with tetracycline (12.5 pg/
mL) was used to select E. coli DH54 transformants,
or erythromycin (5 pg/mL) was used to select B.
subtilis DB104 transconjugants.

DNA Extraction and Primers Design

Plasmid DNA from the recombinant E.
coli DH54 harboring plasmid pGEM-T easy prot-
CM1 and the recombinant E. coli DH54 harboring
plasmid pBBRE194 cell-A were extracted by using
small scale alkali lyses method. Plasmid pGEM-T
easy prot-CM1 was used as PCR template of the
protease gene and plasmid pPBBRE194 cell-A was
used as the source of plasmid pBBRE194 by cutting
it with Kpnl and Ps¢l. All genetic experiments were
performed according to the protocols in Sambrook
and Russel". The protease gene was amplified by
using a pair of oligonucleotides, 5’-AAG GGT
ACC GAAATC GAG CTATAG GGAGCGAAC-
3’ as the forward and 5’-GTT CTG CAG CTATTG
TGT TGC ACC TGC AGC ATG-3” as the reverse
primer. Concomitantly designed Kpnl and Pstl
restriction sites, which were used for cloning, are
underlined. Primers were designed manually by
analyzing sequence of the protease gene from B.
halodurans CM1 with strictly considering to the
temperature melting and GC content.
Polymerase Chain Reaction (PCR)

After the initial denaturation 30 s at 98
°C, the mixture was subjected to 30 cycles, each
consisting of 10 s denaturation at 98 °C, 15 s
annealing at 65 °C, and 45 min extension at 72
°C, followed by 10 min final extention at 72 °C
to complete the elongation. The thermal cycler
from Eppendorf (Germany) and the High Fidelity
Phusion DNA Polymerase (Thermo scientific,
UK) were used. The amplified fragment was
purified using the Geneaid PCR Clean Up Kit
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(Geneaid, China), then cut it with Kpnl and Ps¢l
and subsequently ligated into pPBBRE194, which
was linearized by the same restriction enzymes.
The ligation mixture was used to transform E. coli
DHS54. The procedure of cloning and transformation
is shown schematically in Fig 1.
Bacterial Conjugation

The recombinant plasmid pBBRE194
prot-CM1 was isolated from recombinant E. coli
DH54 and retransformed into E. coli S17-1, which
would serve as the donor for the conjugative
transfer. The conjugation process was carried out
to B. subtilis DB104 as the recipient cell. The
bacterial conjugation from the recombinant E.
coli S17-1 to B. subtilis DB104 was conducted
based on the protocol developed by Aquino
de Muro and Priest's, which was optimized by
Richhardt et al' with considering to Helianti'S.
For conjugation process, B. subtilis DB104
cells were initially grown in LB broth without
antibiotics, whereas E. coli S17-1 harboring the
recombinant plasmid pPBBRE194 prot-CM1 was
cultivated at 30°C over night in LB media with
tetracycline. Two 200-ml Erlenmeyer flasks, each
containing 27 ml of sporulation medium, was
subsequently inoculated with either 3 ml of the
overnight B. halodurans CM1 or E. coli culture.
The cultures were then grown at 30°C until OD,,
..reached 0.6-0.8. The cells were then harvested by
centrifugation (3000 x g, 4°C) and washed twice in
15 ml holding buffer (12. 5 mM KH,PO, 12.5 mM
K,HPO,, 1 mM MgSO,, pH 7.2) and pelleted by
centrifugation. After resuspension in the holding
buffer, the recipient cells are mixed with the donor
cells. Using syringe and filter, the mixture was
compressed on a sterile nitrocellulose 0.45 pm
filter to ensure close contact of donor and recipient
cells. The filter was placed on sporulation agar for
48 h at 30°C with the side containing cells facing
upwards®. Counter selection of B. subtilis DB104
transconjugants against E. coli was performed by
pasteurization, where cells were collected from
the filter by suspending in 1 mL holding buffer
and then incubated for 20 min at 80 °C, before
subsequently spread on LB agar plates containing
erythromycin. The transconjugants were further
analyzed with respect to their protease activity and
gene verification by restriction and PCR analysis.

Enzyme Preparations from Recombinant B.
subtilis DB104

A single recombinant B. subtilis DB104
colony harboring pBBRE194 prot-CM1 was used
to inoculate in 25 mL media (LB containing
erythromycin) and grown overnight. The culture
(3 mL) was then transferred into an Erlenmeyer
flask with 30 ml media and shaken at 150 rpm, 37
°C in a Kithner Shaker (Kiihner, Switzerland). The
culture was grown until OD,, reached 0.6-0.8. As
control, a single B. subtilis DB104 colony without
plasmid was used as inoculum and subjected to the
same procedure, with media without antibiotic. All
cultures must have same optical density to be starter
for enzyme production.

The recombinant Bacillus subtilis DB104
starter was added in the production medium, which
is 50 mL medium (LB and LB with 4% corncob)
containing erythromycin 5 mg/mL. Meanwhile,
5 mL of Bacillus subtilis DB104 starter was also
add in 50 mL media (LB and LB with 4% corncob)
without antibiotics. The production culture is
homogenized with the starter, then each production
culture is sampled 1 mL to measure the initial OD
of the production culture before fermentation.
Furthermore, the production culture was fermented
in a shaker incubator at a speed of 150 rpm at 37 °C
for 24 hours. For harvesting, the production culture
was centrifugated at 4 °C at rate of 8 000 x g for 30
minutes, so was obtained crude extract enzyme.
Enzymatic Activity Assay

The protease activity was measured (each
sample in triplicate) by the method from Amano
200721, using folin reagent and sodium carbonate
to quantify the caseins reduced. Tyrosine was
used as standard. A unit of protease activity is the
number of enzymes that liberate amino acids and
peptides. In this case, the value corresponds to the
number of enzymes liberating 1ig of tyrosine per
minute (from casein) under test conditions (U/mL).
Comparison of protease enzyme activities between
the recombinant B. subtilis DB104 and B. subtilis
DB104 was measured at temperature of 50 °C and
pH 9. The protease enzyme activity was measured
using a spectrophotometer at a wavelength of 660
nm.

Characterization of temperature on the
protease activity was measured (each sample in
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triplicate) at temperature range between 30-60
°C, pH 9. Characterization of pH on the protease
activity was measured (each sample in triplicates)
in arange of 5-9 at 50 °C*. For measuring enzyme
activity, was used 50 mM of the following buffers;
Na-citrate buffer (for pH 5-6), Na-phosphate buffer
(for pH 7), and Tris-HCI buffer (pH 8-9).
Protein Assay

Protein content was determined using
the method of Bradford 1976 [23]. Bovine
Serum Albumin (BSA) Fraction V was used as
a protein for preparing the standard solutions.
The samples were tested by mixing 20 mL of
enzyme and 1 mL of Bradford reagent, then being
examined and allowed to stand for 15 minutes
at room temperature. Meanwhile, the blank was
tested by mixing 20 pL milli-Q sterile and 1 mL
Bradford reagent, then left for 15 minutes at room
temperature. After 15 minutes, the sample and
blank were measured by the spectrophotometer at
a wavelength of 595 nm. Readable absorbance is
compared to the standard protein curve obtained.

RESULTS AND DISCUSSION

We successfully amplified the specific
1417 bp DNA fragment using primers designed
based on the protease gene from B. halodurans
CMI. The protease gene consisted of the open
reading frame (ORF) and the original promoter
region. This specific fragment was then cloned
in pBBRE194 vector of 8402 bp, and produced a
recombinant DNA with 9 819 bp length namely
plasmid pPBBRE194 prot-CM1.

Plasmid pBBRE194 prot-CM1 was
transformed to E. coli DH54 using the heat
shock method"”. This transformation resulted two
clones grew in the selection media, which is LB
media containing tetracycline. The transformants
who grew well in LB containing tetracycline
indicated that the plasmid pBBRE194 prot-CM1
has successfully entered in the cell. Plasmid
pBBRE194 prot-CM1 is a plasmid carrying the
tet” gene from E. coli, so if it is in the host cell of
E. coli will be able to live and be resistant in the
media containing tetracycline. Two clones of the
transformants were then verified through plasmid
extraction and restriction (Fig 2). The results of the
plasmid restriction showed that the plasmid was
successfully cut into 2 specific DNA fragments
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by Kpnl and Pst] with 8,402 and 1,417 bp length.
DNA fragment of 8.402 bp is plasmid pPBBRE194
as vector, while DNA fragment 1417 bp is the
protease gene insert. Therefore, the results of
plasmid extraction from two clones were positively
plasmid pPBBRE194 prot-CM1.

The confirmed plasmid of pBBRE194
prot-CM1 was transformed to E. coli S17 as the
donor cell for conjugation process. Escherichia
coli S17 harboring pBBRE194 prot-CM1 was then
conjugated to B. subtilis DB104 as the recipient
cell. Conjugation to B. subtilis DB104 was
obtained 20 clones that successfully grew on the
selection media (calcium casein agar) containing
erythromycin 5 pg/mL, but there was only one
clone that produced a clear zone, that was clone 2.
Clone 2 was tested for proteolytic activity by using
control B. subtilis DB104 which harboring empty
plasmid. The result showed that clone 2 produced
a larger clear zone than control, with proteolytic
index was 1.4 and control was 1.2 (Fig 3A).

The clone 2 of B. subtilis DB104
transconjugant was verified by using PCR method
(Fig 3B). The result showed a DNA band of 1,417
bp located between 1,400-1,500 bp markers.
The DNA band of 1 417 bp is the protease gene
(insert) from B. halodurans CMI1, because it
was successfully amplified by using the same
primer as when amplified insert to be ligated into
vector pPBBBRE194. Therefore, it was concluded
that clone 2 was a positive clone carrying the
recombinant plasmid pPBBBRE194 pro-CM1.

Analysis of the expression of protease
gene product in the recombinant B. subtilis DB104
was carried out by testing protease activity using
crude enzyme extract. Protease activity was
tested based on the “Amano” protease assay [21].
Protease enzyme activity of the recombinant B.
subtilis DB104 was compared with B. subtilis
DB104 in LB, skim milk 2%, and LB corn cobs
4% with the aim to determine the difference in
the amount of enzyme produced. The protease
enzyme activity from the recombinant B. subtilis
DB104 had a higher activity than the protease
enzyme produced by B. subtilis DB104 in both of
production media. In LB with 2% skim milk, the
recombinant B. subtilis DB104 had an activity of
4.26 U/ mL, while B. subtilis DB104 had an activity
of 2.34 mL. Meanwhile, in the media of LB with
4% corn cobs, protease activity of the recombinant
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Fig. 1. Schematic representation of the cloning procedure of protease gene from Bacillus halodurans CM1 and
conjugation to Bacillus subtilis as the recipient cell
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B. subtilis DB104 was 7.38 U/mL and B. subtilis
DB104 was 5.42 U/mL (Fig 4A). The ability of the
recombinant B. subtilis DB104 to produce a higher
protease enzyme than B. subtilis DB104 proved that
the protease gene in the plasmid pPBBRE194 prot-
CM1 can be expressed properly in the recombinant
B. subtilis DB104

Characterization of recombinant protease
enzyme was carried out on enzyme produced by
the recombinant B. subtilis DB104 in LB with 4%
corn cobs. This is based on the consideration that
the recombinant B. subtilis DB104 in LB with 4%
corn cobs was obtained higher protease activity
than LB with 2% skim milk. The recombinant
protease enzyme was characterized based on the
influence of temperature and pH, with temperature
range of 30-60°C and pH range of 5-9.

This result showed that activity of
the recombinant protease enzyme increased in
proportion to the rise of temperature from 30-50
°C, but decreased at a temperature of 60 °C (Fig.
5A). The highest protease enzyme activity was
obtained at 50°C at 13.66 U/mL, but decreased at
60 °C with an activity of 11.96 U/mL. It occurred
because the temperature increasing who exceed
the optimum temperature caused structural bonds
in the enzyme would break®. At the maximum

10.000 pb
£.000pb
1.500 pb
1.000 pb

Fig. 2. Restriction of plasmid pPBBRE194 prot-CM1 by
using Kpnl and Pstl. M) Marka (DNA ladder 1 kb); 1)
Positive control (pBBRE194 pro-CM1); 2) Kpnl and
Pstl cut the plasmid became 2 fragments, fragment of 8
402 bp (vector) and fragment of 1 417 bp (insert)

temperature, enzyme would denatured because
the structure of the open protein and the non-polar
group within the molecule became open out, the
protein solubility in the polar water decreased, so
that enzyme activity decreased®.

The activity of the recombinant protease
enzyme increased in proportion to the pH
increasing. The highest activity of the protease
enzyme was obtained at pH 9 of 13.66 U / mL,
which proved that the protease enzyme produced
by the recombinant B. subtilis DB104 worked best
at alkaline pH (Fig 5B). Protease enzymes that are
able to work in the range of neutral to alkaline pH
(7-12) are grouped into alkaline proteases®*?’. The
protease enzyme produced by B. subtilis DB104
recombinant has good activity at pH 7-9, so it
belongs to the alkalthermophilic protease group.

The protein level in the recombinant
protease enzyme from B. subtilis DB104 has a
higher protein level than B. subtilis DB104 in

(A)

B)

1500 phoy__
1.000 pb

Fig. 3. Proteolytic activity of the recombinant B. subtilis
DB104 on LB-skim milk agar containing Erythromycin
(A) Verification of clone 2 by using PCR. M) Marker
(DNA ladder 1kb); 1) Control negative (ddH20); 2)
DNA fragment of 1 417 bp as the cloning insert (the
protease gene) (B)
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both production media (LB with 2% skim milk
and LB with 4% corn cob. Protein levels of the
protease enzyme produced by B. subtilis DB104
recombinant and B. subtilis DB104 on LB with 4%
corn cobs media were 0.464 mg/mL and 0.381 mg/
mL, respectively. Meanwhile, the protein content of
the protease enzyme produced by B. subtilis DB104
recombinant and B. subtilis DB104 in LB with 2%
skim milk media was 0.434 and 0.341 mg/mL (Fig
4B). The recombinant B. subtilis DB104 and B.
subtilis DB104 produced higher protein content
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in LB with 4% corn cobs than LB with 2% skim
milk. This is because corn cobs are a good source
of natural carbon for bacterial growth®, so that
protein levels can be produced in greater quantities.

Despite of the availability of whole gene
information of Bacillus halodurans C-125 and
the several report described properties of many
other proteases from Bacillus genus®- 33!, there
was no report regarded to the cloning of protease
gene from Bacillus halodurans in Bacillus subtilis.
The isolation of ORF of this protease in E.coli has

(M4 = E. subtitizs DE14 { contwol)

[

=]
|

1btilis DB 104 {contral)

Fig 4. Comparison of activity and protein concentration of protease produced by the recombinant B. subtilis DB104

and B. subtilis DB104 (control)
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subtilis DB104

been also reported by our group', this study is the
continued research and first report of cloning of B.
halodurans protease gene in B. subtilis.

CONCLUSION

The protease gene from B. halodurans
CMI1 was successfully subcloned into the
expression vector pPBBRE194 and produced a
recombinant plasmid pPBBRE194 prot-CM1 with
9 819 bp size. Plasmid pPBBRE194 prot-CM1
was successfully transformed by conjugation to
B. subtilis DB104 and selected 1 positive clone
that had been verified by plasmid and produced
a clear zone. The recombinant protease enzyme
produced by B. subtilis DB104 recombinant has

higher activity than B. subtilis DB104, and the
highest activity at 50 °C and pH 9 of 13.66 U/mL,
so it is considered belonging to alkalothermophilic
proteases.
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