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Isolation and Molecular Cloning of Cellulase gene from Bacillus licheniformis

Jonnathan Bin Stephan
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ABSTRACT
Cellulase enzymes have a wide range of applications in various industries. The recent discovery of the
complete genome of Bacillus licheniformis has invoked great interest in utilising these bacteria for mass
production of the enzyme such as cellulase. Through molecular cloning technology, cellulase derived from
the gene of Bacillus licheniformis can be produced at higher rate and quantity by cloning the cellulase gene
into Escherichia coli. The enzymatic activity of cellulase produced by Bacillus lichentformis is displayed by
using Congo red stained Carboxy Methyl Cellulose agar plate. The cellulase gene from Bacillus licheniformis
is isolated by using Polymerase Chain Reaction (PCR) method. The cellulase gene is inserted into a
constructed expression vector and the expression of the target protein is optimized through the use of
Escherichia coli. Bacillus licheniformis was found to displayed high rate cellulase activity. The findings from
this study can serve purpose for future study involving isolation of gene from Bacillus lichenifOlmis.
Keywords: Cellulase, Bacillus licheniformis, Congo red staining, PCR

ABSTRAK
Enzim selulase mempunyai banyak kegunaan. dalam pelbagai industri. Penemuan terkini jujukan genom
Bacillus licheniformis yang lengkap telah menimbulkan minat yang mendalam dalam pengunaan bakteria
tersebut dalam penghasilan enzim seperti selulase secara besar-besaran. Melalui teknologi pengklonan
molekular. selulase yang diambil dari gen Bacillus lichenifOlmis dapat dihasilkan dalam kuantiti dan kadar
yang tinggi dengan menghasilkan klon gen selulase itu dengan menggunakan bakteria. Escherichia coli.
Aktiviti tindak balas enzim selulase yang dihasilkan oleh Bacillus licheniformis boleh dilihat dengan
menggunakan agar Carboxy Methyl Cellulose yang diwarnakan dengan lamtan 'Congo red'. Gen selulase
daripada Bacillus licheniformis akan diasingkan dengan teknik PCR. Gen selulase tersebut dimasukkan ke
dalam vektor pengekspresan dan penghasilan protein yang terlibat dioptimakan melall/i pengunaan
Escherichia' coli. Bacillus lichenifo1mis didapati mempunyai kadar aktiviti selulase yang tinggi. Semua
dapatan daripada projek ini berguna dalam pelaksanaan projek yang berkenaan dengan pengasingan gen
daripada Bacillus licheniformis pada masa hadapan.
Kata kunci: Sell/lase, Bacillus licheniformis, pewarnaan congo red, PCR

Introduction
The aim of this project is to isolate cellulase gene from Bacillus lichen(formis and using
expression vector to express the protein produced by the cellulase gene. This project is
important in order to study the expression of the cellulase gene of Bacillus licheniformis
while using E.coli as the host cell.

According to Schallmey et ai., (2004) Bacillus

lichen iform is is known to be used widely in industrial enzyme production and

recombinants are used for mass production of this enzyme for commercial purpose. The
result gained from this project can be used to demonstrate the production of enzyme using
DNA recombinant technology.
Cellulase is a group of enzymes that catalyzes the endohydrolysis of (1 ~4)-fj-D-glucosidic
linkages in cellulose, lichenin and cereal fj-D-glucans. Cellulase can also be known as
endo-1, 4-fj-glucanase. The modes of the action of the enzyme are the base of the name of
the enzyme (IUBMB, 2001). Cellulase enzymes are produced by organism that able to
catalyze the hydrolysis process of cellulose. It is produced by bacteria, fungi, protozoa and
also by some plants and animals.
Cellulase enzyme are widely used for the biotechnological application in various industries
and production involving food, beer and wine, animal feed, textile and laundry, pulp and
paper, research and development and also in agriculture. Biotechnological applications
included the utilisation of cellulase-producing microorganism such as bacteria and fungi in
processing and production. It is also concluded that the current interest in cellulase related
research is caused by the increasing request for this enzyme (Bhat, 2000).
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One of the organisms of choice used for cellulase production is Bacillus lichen!formis.

Bacillus lichen!formis is a gram-positive bacterium that can usually be found in soil. It
belongs to the same group as the bacteria, Bacillus subtilis (Soneshein et ai., 1993).
Various studies had described few enzymes from Bacillus lichen{formis that had been
isolated and studied for expression and characterization. Bacillus licheniformis had been
described as an organism with great potential to contribute in the industry involving
enzyme and fermentation. Among the Bacillus species, Bacillus licheniformis is also
known as an organism that can produce higher production of enzyme and this gives a
reason for Bacillus lichen!formis to be used as one of the host cell other than E.coli for
enzyme production (Schmalley et ai., 2004)

In this study, CMC agar plate stained with Congo red was used as a method to screen for

Bacillus lichen(formis with the high cellulase activity. Genomic DNA of Bacillus
licheniformis was extracted using DNA extraction method and later the cellulase gene was
isolated from the genomic DNA of Bacillus lichen(formis by using PCR method. Prior
knowledge on PCR is crucial to guarantee successful gene isolation.
Molecular cloning method was used to clone the cellulase gene and study its expression.
Cloning is a branch of gene manipulation that allowed a DNA fragment with the desired
gene to be isolated from the genome of the organism and cloned in another organism or
host cell to produce multiple copies of the gene product. This technique can be used for
various biotechnological applications (Primrose et ai., 2002).
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Objectives

The objectives of this study are as followed :
1) To screen for Bacillus species with high celullase activity.
2) To isolate the cellulase encoding gene from Bacillus licheniformis using peR
method.
3) To construct expression plasmid for cellulase expression in E.coli
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Literature Review

Cellulase

Cellula e is a group of enzyme that works together to hydrolyze cellulose. Because it
works by acting on the endohydrolysis of (l74)-13-D-glucosidic linkages, this enzymes is
also known as endo-I, 4-13-g1ucanase (lUBMB, 200 i ).
Cellulase enzymes are produced by organisms such as bacteria, fungi, protozoa and also by
some plants and animals. Most of cellulase enzymes came from fungi and microbial
sources and had been reported in many publications. Cellulase enzymes had been purified
and characterised from Aspergillus niger (Hurst et aI., 1977). Another study that had been
reported is the expression of cellulase gene from Ruminococcus a/bus (Ohmiya et aI.,
1988).
Cellulase is a useful enzyme due to its vast application and importance in various fields.
Cellulase is widely used in agriculture, food, textile, paper and pulp and also in research
and development activities which has lead to the impressive progress of these enzyme
applications (Bhat, 2000). Thus this development makes the study of this enzyme as
significant to the scientific community.
Bacillus species
The history of Bacillus can be traced back in 1872 when Bacillus subtilis was discovered
by Ferdinand Cohn. Generally all Bacillus species are known for these characteristics;
Gram-Positive, endospore-forming, and grow in aerobic environment (Todar, 2004). The
popularity of this particular type of bacteria is due to its diversity which generates a whole
lUI more potential especially for commercialization of product derived from or made by the
5

utilisation of Bacillus species. In industrial field, Bacillus are sought after for their enzyme
which is a source of income generation with market value as high as 1.6 billion US dollar
(Outtrup and Jorgensen, 2002). There are various types of enzyme produced by Bacillus
species. The Japanese had a long history with Bacillus as they have been using Bacillus
subtilis in their food production through fermentation technology, natto a type food made

from fermented soybean had become one of Japanese favourite delicacies thanks to the
Bacillus subtilis (Hara and Ueda, 1982). The recent knowledge about the genetic of the
Bacillus (Veith et aI., 2004) and also the development of recombinant technology has

become the driving force to use Bacillus as enzyme producer. One of the most commonly
used Bacillus species in industry ranging from paper, food and textile is the Bacillus
licheniformis.
Bacillus licheniformis
Bacillus licheniformis is a gram-positive bacterium that can be found mainly in soil and

also from feathers of bird, it can grow in the presence of oxygen and able to form
endospore. B. licheniformis is in the same group of bacteria with Bacillus subtilis and
Bacillus pumilus and all are belong to the subtilis group due to similarity in their DNA

coding sequence (Soneshein et al., 1993).
Bacillus licheniformis is useful and had been used by researchers in enzyme research due

to its capability to produce various extraceIlular enzymes. A study by Williams et al.
(1990) has reported the ability of these bacteria to degrade feather which is important in
the agriculture field because feather wastes had been used as livestock feed.
The success of sequencing the genome of Bacillus iichen(/'ormis DSM 16 recently has
e the bacterium as the bacteria with huge potential in giving contribution to the
6

enzyme industry (Veith et al,. 2004). The knowledge gained from the genome sequence of

Bacillus can be applied together with recombinant DNA technology to create mass
production of enzyme from the bacteria.
Molecular Cloning

The method of molecular cloning involved skills such as preparing the pure sample of
DNA, DNA molecules cutting, DNA fragment size analysis, ligation of DNA molecules,
transformation of DNA into the chosen host cell and screening the cells with the
recombinant DNA (Brown, 1995). An extension of this technology is the expression of the
gene using host cell and an expression vector.
The protocol and method that will be used is based on molecular cloning method described
by Sambrook and Russell (2001) and Perbal (1988) and also modifications of method used
by previous reports.
Isolation of Bacillus licheniformis DNA will be done by using CTAB Protocol (Moore et

al. , 2004). This method utilise the ability of lysozyme and Proteinase K in disrupting the
cell membrane. DNA extraction of Gram-positive bacteria required harsher method of
extraction due to the nature of its cell wall which is not easily disrupted.
Plasmid DNA will be prepared using alkaline lysis method (Birnboim and Doly, 1979).
Although the method of transformation described by Hanahan has high frequency of
yielding competent cell, it still required very strict conditions in order for it to be achieved
successfully (Sambrook and Russell, 2001). Thus, an alternative method is used which is
the Calcium chloride transformation method (Cohen, et al.. 1972).

7

Polymerase Chain Reaction (peR)
PCR was invented by Kary Mullis in the 1980s as a method of amplifying a strand of DNA
into large amount of copies by using reactants such as dNTPs, DNA polymerase and
primers. peR involved the synthesis of DNA by using reagents used in molecular biology
with regulated heating and cooling and it is useful for analytical purpose and manipulation
of DNA (McPherson and M Oller, 2006).
Basically, PCR required four important components such as DNA template, DNA
polymerase, primers and nucleotides or dNTPs. The ON A fragment containing the desired
DNA sequence is used as a template for synthesis of ON A. ON A polymerase is used to
synthesise DNA that is complementary with the sequence of the template. The
characteristic of an enzyme used as DNA polymerase are heat tolerant and able to
synthesis DNA by employing the DNA template and the primer. Nucleotides or dNTPs are
the monomers or component of a DNA consists of the A, T, G and C bases, thus, it is
required to create a new strand of DNA from the template (NCBI, 2011).
There are three different steps involved in PCR which are the denaturation, annealing and
synthesis steps. Each steps are have different set of temperature and the differences are
crucial in the process of amplification in PCR. During denaturation, the double-stranded
DNA is separated into a single strand when heated with high temperature, usually 94

0c. In

annealing or binding of primers step, the single strand DNA will act as a template for DNA
synthesis and during this steps, the primer will anneal to the template. Then, the DNA
po lymerase will start the synthesis process by extending the primers that was already
attached to the DNA template. The annealing temperature is usually lower than the
naturation and this rapid temperature change from high to low can prevent the reanneal
8

of the single strand DNA. The annealing temperature is calculated based on the primer
sequence as wrong calculation of temperature can lead to problem of primer attachment.
The last step is the DNA synthesis step. For an efficient synthesis of DNA the temperature
will be increased usually to 72

De

and the synthesis is done by using DNA polymerase.

These steps are usually repeated for a few cycles ranging from 25 to 40 times depending on
the purpose of the peR. After the cycles are completed the peR product are usually cooled
down to 4 °e or room temperature (McPherson and M Oller, 2006).
peR is used as a in various fields of science as a tool. The applications of peR includes

DNA sequencing, diagnostic of microorganism, forensic, population genetics, archaeology
and evolution research. In molecular cloning, peR is used to amplify target sequence from
a genomic DNA of an organism. When possible, peR is chosen as a method of amplifying
gene over the method of using cell because of its simplicity and rapid result production
(Howe, 2007).
In a molecular cloning experiment, Ecoli is the favoured microorganisms to carry the
vector carrying the target gene. The choice of using Ecoli for a recombinant experiment is
based on several bases.
E.coli is a bacterium with a small genome size with about 4,400 genes. EcoU stayed in
haploid state throughout its life, thus it has no second allele and as a result mutations will
always be expressed. These criteria allowed scientists to manipulate Ecoli genome to do
study in expression of proteins. (Weaver and Hedrick, 1989; Madigan et aI. , 2000).
E. coli can grow fast under suitable conditions. The benefits of these are bacteria culture
can be prepared overnight and experiment result for genetic research can be obtained
fru

. Besides that, Ecoli is suitable for industrial fermentation as production rate can be
9

maximized. The knowledge of the genome sequence of E.coli as well as its protein
expression system has make it preferable to be used for experiments involving the
expression of foreign protein (Weaver and Hedrick, 1989).
Currently, there are other organisms that can be used as host cell other than E. coli
however E.coli is still preferred due to its transformation efficiency with plasmid or other
type of vectors, the ease of making it competent and also the ease for it to undergo
transduction.
Cloning and Expression Vector

Cloning vector is used to clone and create multiple copies of the desired gene. There are
various types of commercially available cloning vector and one of it is the pGEM®-T
vector produced by Promega Corporation. There are several known features of the
pGE~-T vector as stated in its technical manual by Promega (2010) that make it a

suitable choice to be used as a cloning vector. Both ends of the linearized vector have a
single 3'- terminal thymidine which can prevent the vector from turning circular and in
tum can optimize the ligation process of the targeted PCR product. The presence of (X
peptide coding region of ,B-galactosidase enzyme in the vector allowed the use of
BluelWhite Screening of the recombinant products through inactivation of the a-peptide by
the inserted target product. The pGEM®-T vector is supplied with 2 X Rapid Ligation
Buffer that helps to increase the number of transformed colonies in a shorter period
compare to not using the 2 X Rapid Ligation Buffer. The multiple cloning site of the vector
has many restriction sites. This gives user the ability to choose various types of enzyme to
release the insert from the vector.
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Expression vector differ with cloning vector in which the former are able to express the
protein from the inserted gene with the added ability to control the rate of expression. The
pET Expression System created by Novagen is one of the available expression systems
available to be used in expression study of target gene. In pET vector, the component that
is responsible in controlling the amount of protein expressed is the T7 promoter. T7
promoter can be activated by using inducer such as IPTG. Increasing the amount of this
inducer will increase the amount of expressed protein and vice versa. By using this system
the gene can also be rendered silent if not exposed with the inducers.

pET

--5.4 Kb

Figure I: A simplified representation of a pET vector. The green arrow represent the ampicilin resistance
marker, the blue arrow is the lacI gene, the red arrow is the n polymerase promoter, the black line is the
polylinker region, the pale green line is the lac operator region. The origins of replication labelled as fl ori
and ori and both served different purpose. This image is taken from Jamie Causey (20 II).
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Materials and Methods
Screening of Bacillus sp. Using 0.5 % (w/v) CMC agar plate
Prior to bacteria screening, nine types of Bacillus sp. including Bacillus aquimaris,

Bacillus licheniformis, Bacillus cereus E33, Bacillus thuringiensis, Bacillus pumilus,
Bacillus amyloliquefaciens, Bacillus licheniformis P7, Bacillus cereus E35, and Bacillus
lichenifonnis E33 were inoculated in LB media and incubated overnight at 37°C with
agitation at 240 rpm.
0.5 % (w/v) CMC agar plate was prepared by mixing 1.25 g of CMC and 7 g of nutrient
agar in 250 ml distilled water in a laboratory bottle and autoc1aved at 121°C for 15
minutes. Then, the agar was poured into plastic petri dishes in the laminar flow hood and
was let dried until solidified. The CMC agar plate was stored at 4 °C for later use.
On the next day, the prepared overnight culture was inoculated on the CMC agar plate by
pipetting 20 III of the culture on the agar. The CMC agar plates containing the inoculums
of different Bacillus strain was incubated for 4 days at 37°C. After 4 days, the CMC agar
plate was stained with Congo red solution for 15 minutes and later washed with 1M NaCl
solution for another 15 minutes. The CMC agar plate was observed for clear zones. The
size of the clear zones or halo was used to screen the bacterial cellulase activity.
Preparation of Bacillus licheniformis bacterial culture

A single colony of Bacillus licheniformis was inoculated from the nutrient agar plate
containing the Bacillus licheniformis culture using autoc1aved tips. The tip was dropped
into bijou bottle containing 5 ml of sterile (autoc1aved at 121 °C) LB media. The culture
was incubated with shaking overnight at 37°e.
12

Bacterial culture was prepared for genomic DNA extraction and stock culture. For stock
culture preparation, 500 J-tl of bacteria overnight culture was added to 500 J-tl 20 % (v/v)
glycerol in a microcentrifuge tube and stored at -20 °c.
Isolation and preparation of genomic DNA from Bacillus licheniformis
2.0 ml of overnight culture was transferred into a 2.0 ml microcentrifuge tube and was
centrifuged at 15 000 x g for 15 minutes. After centrifugation, the supernatant was
discarded and resuspend in 564 J-tl TE buffer. 5 J-tl of 20 mg/ml lysozyme was added and
thoroughly mixed by inverting the tube up and down. The tube was incubated for 60
minutes at 37°C. After incubation, 6 J-tl 10 mg/ml Proteinase K and 30 J-tl 20 % (v/v) SDS
was added and thoroughly mixed. The tube was incubated at 37°C until clear. After the
mixture was clear, 100 J-tl 5M NaCI was added and mixed thoroughly. The tube was
incubated at 65 °C for 2 minutes. Then, 80 J-tl CTABlNaCI preheated at 65°C was added.
The tube was incubated at 65 °c at 10 minutes. After that, the suspension was extracted
with equal volume (approximately 800 J-tl) of C:I (24: 1) solution and was centrifuged at
10 000 x g for 5 minutes. The supernatant was transferred into a new 2.a ml tube. The
supernatant was added with equal volume (approximately 800 J-tl) of P:C:I (25:24: I)
solution and centrifuged at 15 000 x g for 5 minutes then the supernatant was transferred
into a new tube. The supernatant was added with equal volume of C: I (approximately 800
J-tl) and was centrifuged at 10 000 x g for 5 minutes. After centrifugation, the supernatant
was transferred into new Eppendorf tube. 0.7 volume (approximately 560 J-tl) isopropanol
was added to precipitate the nucleic acid, the content was mixed gently. The tube was
incubated for 5 minutes at room temperature. After 5 minutes, the tube was centrifuged at
13 000 x g for 30 minutes. After that, the isopropanol was discarded. The pellet formed at
ttom ofthe tube was washed with 500 J-tl 70 % (v/v) ethanol and was inverted up and
13

down. The tube was centrifuged at 12 000 x g for 30 minutes at room temperature. Then,
ethanol was removed and the residue was blotted. The tube was dried. The pellet was

uspend in 50 p.l TE buffer for further use.
PCRMethod
PCR was used to obtain the cellulase gene from the DNA template extracted from
Bacillus licheniformis. Specific forward and reverse primers compliment to the cellulase

gene had been designed and was used to amplify the cellulase gene segment.
For this project, PCR was used to isolate the cellulase gene from Bacillus licheniformis
using BCel 3 and BCel 5 primer set: 5'-AAGCTTGGAGTGGTTATTCA-3' and 5'
CATATCCGTTTCATCGAAGT-3'.
Using a sterile 0.5 ml microfuge tube the following materials was mixed in an order:
Table I: peR Reaction mixture for cellulase isolation

lO x amplification buffer

2.5 p.l

2.5mMMgCh

1.5 p.l

20 mM dNTPs (pH 8)

0.5 p.l

20 p.M BCet5 primer

1.25 p.l

20 p.M BCel 3 primer

1.25 p.l

Taq DNA Polymerase

0.5 p.l

Distilled water

15.875 p.l

DNA template

2.0 p.l

Total volume 25 p.l
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egative control was made to detect contamination with DNA that has the target sequence.

D A template was not added to the tube intended as negative control.
The microfuge tubes was placed in a thermal cycler with 5 minutes at 96 C preliminary
D

denaturation, then followed by 25 cycles 95 DC for 30 seconds (denaturation), 47.1 DC for
45 seconds (annealing) and 72 DC for 45 seconds (extension). Later, proceed with fmal
extension period for 72 DC for 7 minutes and cooling period of 4 DC infinitely. Analysis of
PCR product was done by running the product on 1 % (w/v) agarose gel to confirm the
length ofthe fragment. PCR product was purified before further use.
Another PCR was conducted universal primers. This method is used as part of the PCR
optimization steps to determine whether the DNA samp[e extracted from Bacillus

licheniformis

was

suitable

for

PCR

use.

The

pnmers

used

are

pA

(5'-AGAGTTTGATCCTGGCTCAG-3') and pH (5'-AAGGAGGTGATCCAGCCGCA-

3') primers. The PCR reaction materials were mixed together in a microfuge tube
according to the order stated in the table below.
Table 2: PCR reaction mixture for PCR using pA and pH primers

Buffer A

2.5 III

MgCh
dNTPs
pA primers
pH primers

1.25 III

Taq DNA Polymerase

0.5 III

Distilled water

72.5 III

Total volume

117. 5 III
I

15

~....Ie

gel electrophoresis (AGE)

Agarose gel electrophoresis was used for qualitative and quantitative evaluation of DN A
template and peR product.
An agarose gel was prepared by mixing 0.5 g of agarose powder with 50 ml T AE buffer in

a conical flask. The flask was heated in a microwave oven until the agarose was
completely dissolved. Then, 1.0 f.ll of EtBr was added into the flask. The content was
poured into the casting tray with the comb attached. After the gel had completely
solidified, the comb was removed and the gel was transferred into the AGE tank containing
TAE buffer. The sample was loaded into the well accordingly. All loaded samples were
pre-mixed with 6 X loading dye before loading into the well. Later, the AGE tank was
connected to the power supply. The AGE was run at 70 V for 40 minutes with constant
current at 400 rnA. After 40 minutes, the gel was exposed under UV light for visualisation
purpose using the transilluminator.
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