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ABSTRACT 

Amylase is one of the essential enzymes that break down starch and glycogen and it is consist of alpha-

amylase and beta-amylase. It is one of the crucial enzymes that is widely used in industry. It responsible in 

degrading alpha 1-4 glucosidic linkages of starch and related substrates in an endo-fashion producing 

oligosaccharides including maltose, glucose and alpha limit dextrin. The isolation of the amylase gene is 

fundamental steps before cloning and characterizing of the gene take place. The amylase gene can be isolated 

from many microorganisms. However, the most commonly used for the industrial production are Bacillus 

licheniformis, Bacillus subtilis, Bacillus amyloliquifaciens and Aspergillus niger. The characterization of the 

amylase gene allows the understanding of expression level of amylase gene through the production of 

amylase enzyme in different parameters such as effect of pH, temperature and metal ions on enzyme activity. 

In this research study, the amylase gene is isolated from Bacillus licheniformis P7. The bacteria was also 

screened for amylase production. The amylase gene is detected using primers that specifically targeting the 

amylase gene with expected size 900 bp. The experiment was continued with molecular cloning, 

transformation followed by characterization of the isolated amylase gene. However, the plasmid was failed to 

be extracted and was troubleshoot in the discussion. Consequence to that, characterization of the amylase 

gene were also failed to be performed and the isolate was sent for direct sequencing.  

Keywords: Amylase,  Bacillus licheniformis, isolation, amylase gene. 

 

ABSTRAK 

Amilase terdiri daripada alfa-amilase dan beta-amilase. Amilase merupakan salah satu enzim penting yang 

digunakan secara meluas di dalam industri. Enzim ini berupaya untuk menurunkan ikatan alpha 1-4 

glikosidik pada kanji  dan substrat yang berkaitan dalam menghasilkan oligosakarida termasuk maltosa, 

glukosa dan alpha limit dextrin. Pemencilan gen amilase boleh dilakukan daripada pelbagai 

mikroorganisma. Namun begitu, mikroorganisma yang lazim digunakan dalam sektor industri adalah 

Bacillus licheniformis, Bacillus subtilis, Bacillus amyloliquifaciens and Aspergillus niger. Pemahaman 

terhadap gen amilase juga dapat dipertingkatkan menerusi pencirian gen ini terutama dari segi tahap 

ekspresi gen amilase menerusi penghasilan enzim amilase yang dipengaruhi oleh beberapa parameter 

berbeza seperti pH, suhu dan ion logam terhadap aktiviti enzim.. Pada kajian ini, gen amilase yang 

dipencilkan dari genomik DNA Bacillus licheniformis P7. Bakteria tersebut juga menjalani kaedah 

penyaringan bagi penghasilan gen amilase.Gen amilase dikesan menggunakan jujukan khusus yang 

mensasar kepada pemencilan gen amilase telah dibentuk melalui jujukan tertentu pada saiz 900bp. 

Eksperimen diteruskan dengan pengklonan gen amilase yang dipencilkan dan pencirian gen amilase yang 

dipencilkan. Walaubagaimanapun, plasmid gagal diekstrak dan punca kegagalan telah dibincangkan. 

Sehubungan dengan itu, pencirian gen amilase juga gagal dilakukan dan pencilan tersebut telah dihantar 

untuk penjujukan.  

 

Kata kunci: Enzim amylase, Bacillus licheniformis, pemencilan, amylase gene. 
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1.0  INTRODUCTION 

 

Bacillus licheniformis is an example of bacteria that produced amylase and 

isolation of the gene producing amylase will allow in depth studies of amylase application 

in various areas. Classified as saprophytic bacterium, Bacillus licheniformis can be found 

widespread in nature and believe to contribute substantially to nutrient cycling due to the 

multiplicity of enzymes produced by members of the species. It is also a ubiquitos 

bacterium thought to be of importance in the environment as a contributor to nutrient 

cycling due to the production of protease and amylase enzyme (Claus and Beerkeley, 

1986). This potential bacterium is being used in the fermentation industry for production of 

proteases, amylases, antibiotics, and specialty chemicals for over decade with least reports 

of undesirable effects to human health or the environment. 

Amylases is one of the important enzymes in any living organism regardless 

whether in prokaryotes nor eukaryotes as it plays its role in catalysing starch to glucose to 

use as a primary bio-energy. For example, alpha amylase play it roles as an extracellular 

enzyme which help to degrade alpha 1-4 glucosidic linkages of starch and related 

substrates in an endo-fashion producing oligosaccharides including maltose, glucose and 

alpha limit dextrin. It seems more important as the enzymes are applied widely in 

industries especially in biotechnology, starch liquification, brewing, food, paper, textile, 

detergents, waste management and pharmaceutical products. Consequence to that, it makes 

a greater stress on increasing amylase production and search for more efficient process 

(Riaz et al., 2003). 
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The isolation of the amylase gene via PCR allowing the increment number of the 

gene as the reaction amplify the desired fragment. The fragment then can be cloned and 

sequence to construct libraries (Lagging et. al., 2000). At the moment, there are two types 

of libraries present which are genomic library and cDNA library. The genomic library is 

important in determining the complete genome sequence of a given organism, serving as a 

source of genomic sequence for generation of transgenic animals through genetic 

engineering, study of the function of regulatory sequence in vitro and study of genetic 

mutations in cancer tissues. The cDNA library play its role in discovery of novel genes, 

cloning of full-lenght cDNA molecules for in vitro study of gene function, study of the 

repertoire of mRNAs expressed in different cells or tissues and study of alternative splicing 

in different cells or tissues.  

The aim of the research study is to isolate and characterize of amylase gene from 

Bacillus licheniformis in Escherichia coli system for further analysis and recombinant 

amylase production.  

Thus, in order to achieve the aim, the specific objectives of this research study are: 

i) To confirm Bacillus licheniformis with amylolytic properties 

ii) To extract the DNA from the Bacillus licheniformis 

iii) To isolate the amylase gene of Bacillus licheniformis 

iv) To clone and characterize the amylase gene isolated 
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2.0     LITERATURE REVIEW 

 

2.1 Amylase 

 

Amylases are classified as starch degrading enzymes which abundantly can be found in 

microbial, plant and animal. In industry, they are mainly produced from microbes, due to 

their higher yield and thermostability (Thippeswamy et al., 2006). Primarily, the term 

amylase was used originally to designate enzymes capable of hydrolizing alpha-1,4- 

glucosidic bonds of amylase, amylopectin, glycogen and their degradation products (Aiyer, 

2005).  

There are two types of amylases that had been recognized which are alpha amylase 

and beta amylase (Maidment and Ringham, 2001). The focus of this study is upon alpha 

amylase as Bacillus spp. are considered to be the most important sources of alpha amylase 

and have been used for its production (Thippeswamy et al., 2006).  

Alpha amylases are ubiquitos enzymes produced by plants, animals and microbes 

which is crucial in carbohydrate metabolism. Generally, alpha amylase family can be 

divided into two groups which are the starch hydrolizing enzymes and the starch 

modifying, or transglycosylating enzymes. As it brings several advantages such as 

specificity of the reaction, stability of the generated product, lower energy requirements 

and elimination of neutralization steps, the enzymatic hydrolysis is preferred compared to 

acid hydrolysis in starch processing industry (Sivaramakrishnan et al., 2006).  

Microbial alpha amylases are widely used in the modification of starch in cereal 

products and in cereal processing. The level of endogeneous alpha amylase in cereal grains 

and products significantly affects the industrial exploitation of these commodities.  
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Another example of application of alpha amylase is in the brewing industry whereby the 

level of malt alpha amylase is a key quality parameter. It is also act as a silage additive, to 

assist in the degradation of starch and thus to provide fermentable sugars for bacterial 

growth (Megazyme, 2004). Figure 2.1 show the structure of a chain of amylose. 

 

 

 

 

 

 

 

 

Figure 2.1: Structure that shows a chain of amylose which contain simple glucose molecules that have a bond 

between the 1 carbon in the ring and the 4 carbon in the ring. 
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2.2 Bacillus licheniformis 

 

Bacillus licheniformis is the gram-positive bacteria which involved in the production of 

alpha amylase. It is said to be the most important sources of alpha amylase as it is 

commonly used for its production especially for industrial purposes (Thippeswamy et al., 

2006).  It has been widely used for commercial production of the enzyme for various 

applications because of its thermostable characteristics which meet the industrial needs. 

Other Bacillus spp. that involves in alpha amylase production in industry are B. subtilis, B. 

stearothermophilus, B. licheniformis and B. Amyloliquefaciens (Sivaramakrishnan et al., 

2006). There are some similarities between the species in terms of the pattern growth and 

enzymes profiles. However, the optimized conditions of the enzymes differ widely 

depending upon the strain (Thippeswamy et al., 2006). As for being the common sources 

of alpha amylase production does not mean that Bacillus systems do not have the 

shortcomings that will complicate the process. Bacillus systems are not only secrete the 

recombinant protein but also secrete a large number of hydrolytic enzymes including 

protease into the medium. This will cause complication in processing and affect the 

product stability (Yamabhai et al., 2007). Figure 2.2 shows Bacillus licheniformis on plate. 

 

 

 

 

 

 

 

             Figure 2.2: Bacillus licheniformis grown on blood agar by streaking technique. 
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2.3 Isolation of gene of interest 

  

The advancement of the DNA technology makes the cloning of the gene of the interest 

become possible. The isolation and cloning of the gene of the interest is the fundamental 

steps in the functional analysis of the genes. For example, it makes easier to study the 

proteins they encode as cloning can produce its protein product which can then be purified 

and used for biochemical experimentation. It also can be used for DNA sequencing, which 

is determination of the precise order of all base pairs in the gene, as a means to construct 

mutants and to get hold of the protein by overexpression.  

The invention of polymerase chain reaction (PCR) creates a new evolution of 

method in isolating gene of interest. It makes isolation of gene fragments from genes 

containing just two or more blocks of conserved amino acids with little or no homology 

interspersed between these blocks become possible. The PCR has the working principle of 

reverse translation of amino acid sequence of a conserved region and synthesis of a 

mixture of oligonucleotides which represent all possible DNA sequences coding for the 

particular amino acid sequence (Laging et al., 2001).  

Other types of PCR that can amplify the number of genes of interest to be cloned 

and make the construction of genomic libraries possible are real-time RT-PCR. In this 

moment, real-time RT-PCR is the most sensitive method for the detection of low 

abundance mRNAs and can be applied in several problems or detection concerning clinical 

diagnostics, the analysis of gene expression and for plant studies (Evers et al., 2005). 

Isolation and cloning of gene of interest produce abundance of the desire genes which lead 

to the construction of genomic libraries. Fragments obtained after amplification and 

enrichment are cloned using cloning vehicle such as plasmids, phage, cosmids, bacterial 

artificial chromosomes (BAC), yeast artificial chromosome (YAC) and human artificial 
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chromosomes (HAC). It also can be sequenced and populated to create genomics libraries 

(Laging et al., 2000). cDNA libraries can be constructed in order to store DNA fragments.  

According to Gamas et al., the technology advancement allow the constructions of cDNA 

libraries by the massive production of ESTs, corresponding to single pass sequencing of 

randomly sampled cDNAs, allowing a global analysis of transcript populations 

(transcriptomes).   

2.4 Amylase gene 

  

There are widely studies of amylase gene had been done as amylase enzyme is very 

essential used in food industry for hydrolysis of starch to yield glucose syrups amylase and 

proper formation of dextrin during baking. In textile, it is used for removal of starch sizing 

and dissolves starches from fabrics. For example, industrial enzymes are frequently 

immobilized onto solid supports in order to increase resistance fluctuations in conditions 

such as pH and temperature and to facilitate repeated usage.  

The production of amylase by the bacteria such as Bacillus licheniformis cannot 

access to large starch molecules through pores. In order to optimize the immobilization of 

Bacillus licheniformis, the amylase gene is engineered to mediate intracellular formation of 

spherical polyester beads that display highly active amylase covalently attached at high 

density and homogenous functional orientation (Rasiah et al., 2008).  

Other than that, site-directed mutagenesis can also be applied to reconstruct the 

function of the gene. According to Fang et al., 2010, based on the original thermostable 

alpha-amylase gene from Bacillus licheniformis, two amino acids were site-directed 

mutagenised by PCR to obtain a new gene. The gene was substituted for acid-resistant 

capability previously. The mutagenised protein was found to be more acid resistant than 
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the native protein. Based on the study done by Maruo et al., 2000, mutation of Bacillus 

subtilis caused hyperproduction of alpha-amylase. The mutants produced two to three 

times more alpha-amylase than their parent. 

2.5 DNA Extraction 

The advancement of technology era create a lot of methodologies for the analysis of 

microorganisms and other microbial at the molecular level such as analysis of nucleic 

acids, proteins, lipids and their genes. Each of the methodology has their pros and cons that 

need to be considered before attempted to use the method.  

DNA extraction is the fundamental first step that needs to be encountered before 

any other analysis can be done. Some cases, it is difficult to extract the DNA since many 

bacteria are extremely resistant to cell disruption. There are three general steps in DNA 

extraction which are cell disruption by an enzyme-detergent lysis, extractions with organic 

solvent and recovery of the DNA by alcohol precipitation. However, modifications have 

been made by altering the general steps in order to suit the condition or the nature of the 

sample for optimal extraction of its DNA (Arnscheidt et al., 2004).  

A research study had been done in order to provide a DNA yield of sufficient purity 

suitable for PCR amplification in date palm leaf. The modifications had been made in one 

of the DNA extraction method which is cetyltrimethylammonium bromide (CTAB) 

method with the involvement of certain detergent such as sodium chloride (NaCl), 

polyvinylpyrrolidone (PVP) and lithium chloride (LiCl). Reaction of LiCl and PVP alone 

or together in the lysis buffer did not significantly improve the DNA yield and purity 

compared with the addition of NaCl. It is suggested that the date palm leaf was grinded 

with sterile sand and inclusion of NaCl in the lysis buffer without the costly use of liquid 

nitrogen, PVP and LiCl (Ahamed et al., 2010).  
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There is also research study on modification of DNA extraction method for 

extracting bacteria. The research study is focusing on a rapid and low-cost DNA extraction 

method for isolating Escherichia coli DNA from animal stools which involve the presence 

of α-casein in lysis buffer in order to decrease PCR inhibition associated with isolated 

DNA. The result showed method using the lysis buffer containing α-casein produces PCR 

ready DNA at a fraction of the cost of commercial DNA extraction kits (Bernard, et al., 

2011). 

2.6 Cloning of gene 

According to Oxford dictionary tenth edition, the term clone in biology can be defined as 

an organism or cell, or a group of organisms or cells, produced asexually from one 

ancestor to which they are genetically identical. However, the gene cloning is defined as 

the production of lineage all cells all of which contain one kind of DNA fragment of 

interest derived from a population of many kinds of DNA fragments.  

A lot of study had been done in gene cloning such as the cloning of human insulin 

genes. Insulin is really important for normal glucose hemeostasis. Depletion of insulin in 

body will cause diabetes. Based on the research study done by Bell et al., 1980, mouse and 

rat insulins are identical suggests that the insulin gene sequence and organization are 

similar. Thus, genomic DNA segments containing human and rat insulin genes have been 

cloned and the DNA has been sequenced. The understanding of restriction endonuclease 

map of both insulin genes allow the distinguishing in somatic cell hybrids between two 

spesies which also been used to determine the chromosome localization of the human 

insulin gene.  
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Recently, molecular cloning of marine bacterium, Psedoalteromonas which 

produce alpha-amylase had been done. As had been stated before, alpha-amylase brings a 

lot of benefit in industrial area. Amylases from Psedoalteromonas species have not been 

purified to date, thus the cloning of amylase gene from the marine bacterium allow the 

understanding the expression and production level of the gene through characterization of 

the isolated gene (Kim et al., 2008).  

 

2.7 Characterization of amylase gene 

The characterization of isolated gene such as amylase gene can be done by looking at the 

level production of amylase enzyme in different parameters such as pH, temperature, 

incubation of time and the presence of metal ions. This can be seen in characterization of 

α-amylase gene from a marine bacterium Pseudoalteromonas sp. MY-1 by investigating 

the α-amylase activity in different parameters which is temperature, pH and metal ions. 

The characterization was done upon purified recombinant α-amylase which revealed the 

maximum enzyme activity at pH 7 and at temperature of 4⁰C (Jang, et al., 2008).  

Other than that, amylase gene can also be isolated from the plant.  For example, the 

extraction of RNA from several parts of the cassava plants and the presence and level of 

expression of α-amylase and β-amylase gene were analyzed. The genes were isolated using 

PCR amplification with DIG-labeled α-amylase and β-amylase probe. From the research 

study, the level of gene expression of each amylase gene can be detected based on the area 

of the plant. The highest expression of α-amylase gene was observed in storage roots and 

lower expression in leaves and stems yet still can be detected. For the β-amylase gene was 

observed for highly expressed in leaves and storage roots (Lengbamroung, et al., 2005)  
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3.0 MATERIALS AND METHODS 

3.1 Screening of Bacteria Producing Amylase 

Bacteria screening was done in order to identify which Bacillus sp. that produce the best 

amylase enzyme by the observation of halo zone produced around them. The Bacillus sp. 

involve is Bacillus licheniformis P7. According to Attaphinyo, et al., approximately, 3 µl 

of glycerol stock of the bacteria was added into 5 ml of LB broth and grow in incubator 

shaker at 37 ⁰C for overnight. Media containing nutrient agar + 0.5 % starch were prepared 

for observation of halo zone. About 20 µl of each overnight culture was dropped on the 

media which was divided into 4 sections for replicates. Then, the plate was incubated at 37 

⁰C for overnight. In order to observe the halo zone, the overnight plate was flooded with 

iodine and the halo zone produced by the bacteria was observed. 

3.2 Enzyme assays 

Approximately, 3 µl of bacteria from glycerol stock is added into 5 ml of Luria Broth and 

grow overnight with shaking (125rpm) at 37 ⁰C. Minimal salt media (MSM) were prepared 

for growth media of the overnight culture. The MSM used had the following composition 

(in g/L): Satrch 1.0, Peptone 6.0, KCl2.4H2O 0.5, MgSO4.7H2O 0.5 and 20ml MSM were 

prepared. Replicate was done and 500 µl of overnight culture (24 hours) were added into 

each of 20 ml MSM. Then, it was left overnight for grow with shaking (125 rpm) at 37 ⁰C. 

The enzyme was harvested by centrifugation (3000 rpm) for 5 minutes at 4 ⁰C. 

Approximately, 1 ml of the supernatant was transferred into a test tube containing 400 µl 

of 1 % Starch solvated in Tris-HCl buffer. The test tube was vortex and incubated at 55 ⁰C 

for 10 minutes.  
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Approximately, 800 µl of 3,5- dinitrosalicyclic acid (DNS) reagent was added, 

vortex and boiled for 5 minutes. Then, 400 µl of Rochelle salt was added and 1.5 ml of the 

mixture was transferred into fresh cuvettes. The color intensity was determined at 540 nm. 

The glucose standard curve (refer to Appendix B) was used to estimate the amylase 

enzyme activity of the bacteria. This method was based on Oyeleke et al. 

 

3.3 DNA Extraction using cetyltrimethylammonium bromide (CTAB) method 

 

According to Moore et al., approximately, 3 µl of bacteria from glycerol stock was pipette 

into 5 ml of Luria Broth (LB) and grows overnight with shaking (125 rpm) at 37 ⁰C for 18 

to 20 hours (until log phase).  Approximately, 2000 µl of overnight culture were 

centrifuged using 2 ml microcentrifuge tube at 15, 000 g for 15 minutes. The cell pellet 

was resuspended in 565 µl TE buffer. In order to lysed the cell, 5 µl of 10 µg lysozymes 

was added and it was mixed truly, inverted and incubated for 1 hour at 37 ⁰C. Nuclease is 

known as enzyme that can degrade nucleic acid. In order to protect the nucleic acid from 

nuclease attack, 3 µl of Proteinase K (10 mg/ml) and 30 µl of SDS 10 % were added and 

mixed truly. Then, it was incubated at 37 ⁰C until the clear solution appeared (1 hour).  

The experiment continued by adding 100 µl 5M NaCl, truly mixed and incubated at 

65 ⁰C for 2 minutes. Approximately, 80 µl of CTAB/NaCl was added and it was preheated 

at 65 ⁰C for 10 minutes. The DNA of the cell was extracted with equal volume (700 µl-800 

µl) of chloroform/isoamyl and was centrifuged at 10, 000 g for 5 minutes. The upper phase 

of the solution was transferred into new 2 ml microcentrifuge tube. Then, it was extracted 

with equal volume (800 µl) of phenol/chloroform/isoamyl and centrifuged at 15, 000 g for 

5 minutes. The upper phase was again transferred into new 2 ml microcentrifuge tube. The 

solution was extracted again using equal volume of chloroform/isoamyl (800 µl) and 

centrifuged at 10,000 g for 5 minutes. 
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The upper phase or supernatant was transferred into new 2 ml microcentrifuged 

tube. 0.7 volume of isopropanol was added to precipitate the nucleic acid and it was gently 

mixed until white precipitate appeared. Then, it was sat at room temperature for 30 

minutes. The solution was centrifuged at 15,000 g for 30 minutes to remove the 

isopropanol. The pellet was washed with 500 µl 70 % ethanol, inverted and centrifuged at 

15,000 g for 30 minutes at room temperature to remove the ethanol. The pellet was air 

dried and resuspended in 50 µl -60 µl TE buffer.  

 

3.4 Polymerase Chain Reaction  

Polymerase chain reaction (PCR) is used to detect and isolate the amylase gene from 

genomic DNA of Bacillus licheniformis. Specific primers were designed and used in order 

to detect the desired gene of interest. In this study, the primers that had been used for 

amylase gene detection were ApA 1 and ApA 2 primers (Appendix A). The volume of 

reaction mixture used for optimization of DNA is 25 µl which consist of 2.5 µl of 10X 

PCR Buffer, 2.5 µl of 10 mM dNTP, 3 µl of 25mM of MgCl2, 1.25 µl of 25 pmole ApA 1 

and ApA 2 respectively, 0.5 µl of Taq polymerase and sterile distilled water up to 25 µl. 

The master mix components were purchased from PROMEGA and Fermentas. 

Amplification was done at certain conditions which are preliminary denaturation at 96 ⁰C 

for 5 minutes followed by 25 cycles of 95 ⁰C for 30 seconds, 49 ⁰C for 45 seconds 72 ⁰C 

for 45 seconds. This was followed by a final extension at 72 ⁰C for 7 minutes before 

samples were cooled at 4 ⁰C. 
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3.4.1 Agarose Gel Electrophoresis (AGE)  

In this experiment, 1 % agarose gel was used. For each preparation of 50 ml, 1 µl ethidium 

bromide is added. The electrophoresis was run for 40 minutes at 80 volt. The ladder used 

for both DNA and PCR products are 1kb DNA ladder purchased from Fermentas. 

 

3.5  Purification of PCR Products (QIAquick Gel Extraction Kit Protocol) 

The purification of the PCR products was done by excising the DNA fragment from the 

agarose gel with a clean, sharp scalpel. The gel slice was weighed in a colorless tube 3 

volume of Buffer QG to 1 volume of gel. Then it was incubated at 50 ⁰C for 10 minutes or 

until the gel slice has completely dissolved. The tube was inverted every 2-3 minutes 

during the incubation in order to help it dissolved. After the gel slice was dissolved 

completely, the color of the mixture was checked which was yellow, similar to Buffer QG 

without dissolve agarose.  

 Approximately, 1 gel volume of isopropanol was added to the sample and mixed. A 

QIAquick spin column was placed in a provided 2 ml collection tube. To bind DNA, the 

sample was applied to the QIAquick column, and centrifuge for 1 minute. The flow-

through was discarded and QIAquick column was placed back in the same collection tube. 

To wash, 0.75 ml of Buffer PE was added to QIAquick column and centrifuge 1 minute. 

The flow-through was discarded and the QIAquick was centrifuge for an additional 1 

minute at 13, 000 rpm. QIAquick was placed into a clean 1.5 ml microcentrifuge tube. To 

elute DNA, 50 µl of Buffer EB was added to the center of the QIAquick membrane and the 

column was centrifuged for 1 minute, the column was left to stand at room temperature for 

1 minute, and then centrifuged for 1 minute.  
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3.6  Ligation of DNA Fragment into pGEM-T Cloning Vector 

The ligation of DNA fragment was done using pGEM-T easy cloning kit. It consists of 

several reaction components which are 2X Rapid Ligation Buffer, pGEM-T easy vector, 

purify product, and T4 DNA Ligase. All the reaction components will be mixed with 

appropriate amount into a clean 0.5ml microcentrifuge tube. Then, the reaction mixture 

was incubated for 1 hour at room temperature and left overnight at 4⁰C. The amount of 

each reaction component for cloning is summarized in the table below: 

Table 3.1: The amount of each reaction component for cloning 

 

 

3.7  Overnight Bacterial Cell Culture and Calcium Chloride (CaCl2) Bacterial   

  Competent Cells Preparation 

3.7.1 Preparation of Overnight Bacterial Culture 

According to Sambrook et al., 3 µl of glycerol stock of Escherichia coli XL 1Blue was 

added into bijou bottle containing 5 ml of LB media. The culture was incubated with 

shaking for overnight at 37 ⁰C. 

 

 

 

 

REACTION COMPONENTS AMOUNT (µl) 

2X Rapid Ligation Buffer 5 

pGEM- T Easy Vector 1 

Purify product 3 

T4 DNA Ligase 1 


