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Abstract 

The keratinase gene (kerA) of Bacillus licheniformis ATCC
®
53757 was PCR amplified and 

subsequently cloned into Bacillus megaterium expression vector; pHIS1525.SPlipA and 

transformed in Bacillus megaterium ATCC
®
14945. The kerA gene carrying the recombinant 

plasmid pKERHIS1525.SPlipA was expressed in Bacillus megaterium under xylose inducible 

promoter, purified using Ni-NTA affinity column chromatography and consequently 

produced an extracellular keratinase activity of 29 U ml
-1

 after 18 h of incubation. The 

recombinant strain was further examined for feather degradation of intact chicken feathers. 

The chopped chicken feathers were partially degraded by the recombinant strain after 3days 

and the total macroscopic digestion was ultimately observed after seven days resulting in a 

yellowish peptide rich fermentation broth.   
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1. Introduction  

Vast quantity of chickens are being utilised every day in the society that produces a large 

amount of feathers waste in poultry industries. So far, feathers are known to have been 

chemically and physically prepared to be used as feather meal as well as digestible nutritional 

protein for animal feed. Keratin as a major constituent of feathers, possessing almost 90% of 

feather weight [1]. 

Keratin-consisting materials have always been plentiful in the nature but restricted in practical 

usages, mainly because of their insolubility and non-degradability by the ordinary proteolytic 

enzymes. New developments of keratinase production have attracted many attentions to apply 

keratinase in poultry industry. Feathers waste in poultry industries present a high-quality 

supply of keratins. This valuable source of keratin could be used either as a source of fertilizer 

glues and films, or many selected amino acids, and proteins which are applied in animal feed 

industry [2].  

Ever since the discovery of water solubility and proteolytic ability of keratinase, many 

keratinase application have been emerged. A newly invented application to handle poultry 

waste is to turn feathers into biogas. These huge amounts of keratins are required to break 

down by keratinase before the feathers can be turned into biogas. Obviously, large amounts of 

keratinase for industrial scale processes are essentially needed which is not cheap. Many 

researches show bacteria able to produce keratinase. However, best host cell for 

overproduction of keratinase will remain unknown. Several efforts have been done to 

overproduce keratinase as demands increasing. Such efforts moved the attentions to gene 

cloning to improve the recombinant keratinase gene [3]. It is now certain that many different 

species such as bacteria, actinomycetes, and fungi are able to produce keratinase. However, 

the level of production and providing conditions are still remaining and are yet to be 

discovered [4]. In the world of molecular biology, a few number of keratinase encoding genes 

are known to have been cloned and expressed in heterologous systems for instance genus 

bacillus [5]. In Escherichia coli, the accumulation of the cloned and expressed protease was 

seen within the boundaries of the cells making it impossible for the cells to secrete out the 

keratinase into the medium similar to the same problem for a few other proteins [6-8]. 

Bacillus subtilis was successfully cloned and expressed without accumulation of keratinase 

inside the cells, even though the amount of products was too little when comparing protein 

content of wild-type and recombinant cells [7, 9]. Bacillus megaterium was finally found out 

to be an appropriate host cell for keratinase production due to adequate content of 

recombinant protein [10]. On the other hand, degrading ability of keratinase contributes to 

reduction of both economical expenses and environmental dangers, ultimately leading to 

biohydrogen production which is ecologically safe and cheap.  

The aim of this work was to clone the kerA gene in an expression vector followed by 

expression of keratinase under xylose inducible promoter in Bacillus megaterium and 

investigate the ability of the purified recombinant keratinase to digest poultry feathers. 
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2. Background  

2.1 Keratinase 

Keratinase is a protease capable of digesting keratins in chicken feathers as well as animal 

wool and hair. Proteases are by and large classified into two major groups based on their 

cleavage habits. First group is called “Endopeptidases” which cleaves non-terminal peptide 

bonds inside polypeptide chains. Second group so-called “Exoproteases” breaks down peptide 

bond at the amino termini (aminopeptidases) or at the carboxy termini (carboxypeptidases) of 

their substrates [3]. Proteases are further categorized based on functional groups of their 

active sites. Four major groups are: serine proteases, cysteine proteases, aspartic proteases, 

and metalloproteases. Keratinases are mostly known to be endopeptidase which is a member 

of serine protease family [11].  

Keratins are less likely to be digested by enzyme such as trypsin, pepsin, and papain [12]  

Because the stiff packing of the protein chain in α-helix and β-sheet structures resists and 

mechanically stabilizes the keratin to microbial degradation. However, keratin can be 

degraded by a number of species of saprophytic and parasitic fungi, a few actinomyces and 

Bacillus species [13].  

Keratins proteolysis like the other proteins is effectively directed by proteases. Nevertheless, 

keratinases are known to have an effect on their hydrolysis [1]. Keratinases have already been 

purified from several microorganisms such as fungi, a few bacteria, and some Streptomyces 

species [13]. Keratinase belongs to a group of proteinase enzymes that have high level of 

activity on insoluble keratin, playing a crucial role in hydrolyzing feather, hair, wool, collagen 

and casein in removing barriers in waste water treatment systems. Not only have these 

enzymes been applied in sewage systems but have also recently emerged in many applications 

including food, textile, medicine, and cosmetics industries [14]. In fact, using of keratinases in 

skin medications to get rid of acne and psoriasis as well as removing of human callus in 

medical applications is well known. It is also utilized for the erection of a vaccine for 

dermatophytosis therapy [1, 13]. More interestingly, keratinases are well identified in leather 

industry to have been employed in dehairing process of animal skins instead of treating them 

with sodium sulfide [15]. 

2.2 Keratin Structure 

Keratins are components of epidermal and skeletal tissues constructing hard fibres. The 

structure of keratin is formed through disulphide, hydrogen, and salt bonds as well as the 

other crosslinkages[16] . In fact, keratins are identified to be insoluble proteins due to higher 

degree of cross-linking by disulfide bridges, hydrogen bonds, and hydrophobic interactions. 

Keratins are structurally split up into α and β keratins. β keratins are mostly characterized in 

reptiles (i.e. snakes) and birds [17], whereas α keratins are predominantly found in mammals 

like humans [18]. Existence of firmly packed helical filaments verified by x-ray investigations 

shows the continual units of both α and β in hair and feathers. In avian feathers and reptilian 

scales, filaments contain pair of twisted β-sheet domains, each formed with a 32-residue 

domain [17]. The other part forms the matrix of the keratinaceous structures. In fact, 

mammalian keratins have filaments which are made of heterodimeric rod-like particles. 

Spooling a type I (acidic) and a type II (neutral/basal) α keratin that results in a coiled coil 



7 

structure basically forms these building blocks. On the other hand, Non-helical N terminal 

and C terminal domains hold up the multilerisation of the rods yielding long filaments [19].  

2.3 Polymerase chain reaction 

2.3.1 Polymerase chain reaction 

Polymerase chain reaction (PCR) is a technique of molecular biology experiments to quickly 

amplify fragments of DNA. PCR counts on thermal cycling concept including cycles of 

repeated heating and cooling of the reaction for DNA melting and enzymatic reaction of the 

DNA [20]. Throughout each cycle of PCR, the reaction mixture is exposed to different 

temperatures during three main steps; 

1. Denaturation at 94
0
C (breaking base pairs and releasing single-stranded DNA),  

2. Hybridization at 50-60 
0
C (annealing primers to the template) 

3. Extension at 74
0
C (occurring DNA synthesis via Taq polymerase) 

By rising up the temperature to 94
0
C, newly synthesized strands can disconnect from the 

template giving rise to more cycles. Ultimately, millions of amplified DNA fragments are 

copied [21].  

For a basic polymerase chain reaction set up, a number of reagents should be mixed in a 

solution and ultimately placed into the PCR machine. This mixture consists of: 

A. DNA template; carrying a target that is to be amplified. 

B. Primers; which are complementary to the DNA regions.   

C. Taq-polymerase; for initiation of the replication 

D. Deoxynucleotide triphosphates (DNTPs); building blocks from which the DNA 

polymerases synthesizes a new DNA strand. 

E. Buffer solution; supplies necessary chemicals for optimization of the activity and 

stability of the DNA polymerase. 

F. Magnesium; normally MgCl2, essential cofactor for the DNA polymerase. 

G.  Nuclease free water; free of DNA exonuclease and endonuclease activities and RNase 

activity that is suitable for DNA and RNA work  

By the time PCR is finished, the samples are resolved in Gel electrophoresis and subsequently 

visualized under the UV eliminator. The resulting bonds are recognized simply by comparing 

the 1 Kb ladder. All the DNA molecules are analyzed according to the distance they pass 

based on the ladder map shown in the figure 1. Those DNA molecules which can reach the 

distance corresponding to the desired bp in the ladder map are certainly the target DNA 

molecules which has been successfully amplified [22].  
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Figure 1, Gel electrophoresis ladder map 

 

2.3.2 Designing the oligonucleotide primers for PCR 

A primer that serves as a beginning point for the DNA replication is the only place that DNA 

polymerase can be bound. The polymerization catalyzes the replication process at the 3'-end 

of the primer and subsequently copies the opposite strand. A heat-stable DNA polymerase; 

Taq-polymerase which is originated from the bacterium Thermus aquaticus is taken into use 

mainly in PCR applications. It functions by enzymatically assembling the new DNA strand by 

employing single strand DNA as a template and primer as an initiator [21].     

Finding the right complementary primer with accurate size (in practice with size no greater 

than 30-mer in length) to its template strand is the key to work out the polymerase chain 

reaction. Long primers basically hybridize at slow rate which is not obviously desired. Short 

primers might target non-specific sites leading to unwanted results. More importantly, primers 

must not anneal with other primers in the mixture. If happens, 'primer dimer' products will 

pollute the mixture. On the other hand, to avoid any delay in annealing process of primer- 

DNA, hardly annealing of the primers to themselves must be prevented .To kick off any 

polymerase chain reaction (PCR), the specification of the gene that is to be amplified must be 

first laid out [21]. 

Generally, Taq polymerase is likely to add an additional nucleotide, usually an adenosine, to 

the end of every strand that it synthesizes, which basically makes most 3 termini of double-

stranded DNA have a single nucleotide overhang instead of being blunt-end which could be a 

problem as it can destroy the product and also make it difficult to get this overhang removed. 

Not only it is necessary to cope with this problem but also this PCR experiment requires the 

ligation of the PCR products into the vectors. Thus, it is essential to get the restriction site 
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included in the primers. Accordingly, DNA fragments can be simply cut within their primer 

sequence by the restriction endonuclease at their sites resulting in sticky ends and is 

productively ligated into a cloning vector [21]. 

Subsequent to identify the gene it is very significant to find the right primers which basically 

means having primers designed with correct temperature and nucleotide sequence. 

Considerably, forward and reverse primers should have the same melting temperature. 

Annealing is a simultaneous process which is crucial to get a specific result, meaning that 

designing primers with melting temperature lower than annealing temperature may fail to 

extension of the primers, whereas primers with melting temperature greater than annealing 

temperature leads to mishybridization [21].  

Although there is always a mathematical way to calculate the melting temperature and 

obviously the correct annealing temperature, there are plenty of software which are 

specifically developed to design the primers with correct relating temperatures and accurate 

primers length. Using such software has made it possible to find the right sequence of the 

primers and even more the optimized percentage of CG-content. CG-content is the percentage 

of the either guanine or cytosine in a DNA molecule which undergo a specific hydrogen-

bonding within PCR procedure. 

2.3.3 Accurate PCR-temperature 

Hybridization temperature that anneals the primers to templates is most crucial factor 

regarding this respect, which has most effect on the reaction due to the dependency of the 

hybridization to temperature. Optimization of the annealing temperature is based on the fact 

that it should be sufficiently low to enable the hybridization but still high to avoid 

mismatched hybrids. Melting temperature (Tm) is calculated by: 

Tm (Tm = {4 × [G + C]} + {2 × [A + C]}
 0
C)  

Where [G + C] and [A + C] are the number of nucleotides in primer sequence. Experiences 

have shown that it is more reliable to determine Tm mathematically even though it is 

experimentally possible. Therefore, the annealing temperature is assumed to be 1-2
0
C below 

Tm, which basically means that two primers must have designated with identical Tms for the 

proper annealing [21] .    

 

2.4 Digestion with restriction enzymes 

2.4.1 Restriction digestion 

Restriction digestion is a method of cutting DNA molecules into small segments by means of 

certain enzymes so called restriction enzymes which can recognize and subsequently cleavage 

the special sequence within the DNA molecule well know as restriction sites where the new 

genes can be incorporated [21]. 

Generally, restriction digestion processes are carried out by incubation of double-stranded 

DNA molecules with proper quantity of restriction enzyme, in its respective buffer solution 

that is normally recommended by the supplier. Restriction digestion should be carried out at 

the optimal temperature for that specific enzyme. The optimal sodium chloride concentration 
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in the reaction mixture is another important factor that usually varies for different enzymes. 

Typical digestions involve a unit of enzyme per microgram of starting DNA. Generally, these 

reactions are incubated for 1-3 hours, to assure complete digestion, at the optimal temperature 

for enzyme activity, normally 37
0
C [21]. 

In the world of gene cloning experiments, it is essentially required to cut the DNA molecules 

at very exact positions. On the other hand, each vector molecules as cloning vehicles have to 

be cleaved at specific sites so that DNA molecules can be inserted. Nucleases are enzymes 

known to break down the phosphodiester bonds that link nucleotide molecules to each other 

resulting in two different products; blunt-ends and sticky-ends. There are basically two types 

of nucleases. Exonuclease which removes nucleotides molecules at the end of a DNA 

molecule, and Endonuclease that breaks within the DNA molecules. Restriction enzymes are 

identified to be able to cut either single or double strand DNA at a well-defined nucleotide 

sequence so-called restriction site. In molecular biology, restriction enzymes are used to 

facilitate the insertion of genes into the plasmid vectors making them ready for the 

transformation. In order to optimize the utilization of these restriction enzymes, plasmid 

vectors are designed in a way that they carry a polylinker sequence so known as cloning site. 

This modification eases the restriction of either genes or plasmid vectors for further ligation. 

In this way, both genes and plasmid vectors must be substantially cut by the similar restriction 

enzymes [21].  

2.4.2 Vector, pHIS1525.SPlipA 

Vectors are DNA molecules in which new DNA is inserted and carried to a new cell in order 

to isolate, multiply, and express the genetic material in the host cell. Plasmids and 

bacteriophages are two most popular types of cloning vehicles. All vectors have three similar 

properties; origin of replication, multicloning site, and selectable marker. Away from the 

cloning vectors which only carry the genetic information into the new cells, similarly 

expression vectors carrying tremendously active promoter which enables them to enlarge the 

quantity of mRNA production [21]. 

The plasmid used for this experiment is pHIS1525.SPlipA. This plasmid consists of strong xylA 

promoter which is basically originated from Bacillus megaterium. Primarily, transcription can 

be induced by xylose. After xylose addition transcription process is basically initiated through 

releasing xylose repressor coded by the xylR gene on the plasmid. The most appropriate 

cloning sites for proper insertion of the genes are located in the reading frame of the xylA. 

Genes of interest carrying their own ribosome binding sequence (RBS) and translation 

initiation codon can be successfully fused into any restriction sites within orf1 leading to 

express the desired protein. Accomplishment of transcriptional fusion resulting to express the 

ambitious gene is however up to position of the lately created orf1 stop codon along with start 

codon of the desired gene. In fact, ribosomes translating the orf1 reading frame would 

terminate at its newly created stop codon if stop and start codons placed closed together, 

resulting in greater concentration of ribosomes leading to more efficient translation initiation 

at the gene’s start codon compared to construct in which these stop and start codons are 

located far away from each other [23].  

Right after the expression of the target gene, the purification of the protein is essentially 

required. Due to the introduction of the vector into a new host cell, the desired proteins have 

to be essentially purified from the proteins of the host cells. Hence, to ease the purification 

process the cloned gen is attached by a His tag which is a marker peptide. In this experiment 

His-tag is provided by the vector. 
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His-tag is basically a protein possessing six histidine amino acids. In gene cloning, the main 

point with this amino acid is that it can facilitate the purification process. In the purification 

process during affinity chromatography procedure, His-tags can be easily detected by the 

resins due to their high tendency to main elements on the resins [24]. 

The figure 2 gives an insight look into sequence of the multiple cloning sites (MCS) of the 

Bacillus megaterium expression vector pHIS1525.SPlipA, where start and stop codons as well 

as restriction sites with the relating nucleotide sequence are clearly underlined.  

 

 

Figure 2, multiple cloning site of pHIS1525 [23]  

Sequence of the SPlipA is clearly seen in the above picture by the green highlight. The main 

advantage of this sequence is that some of the Bacillus megaterium cells fundamentally 
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contain series of gateways that facilitate transportation of the proteins from inside toward 

outside of the cell wall. In fact, these specific gateways work in a way that they can easily 

recognize these signal peptide sequence; SPlipA and help the proteins to exit the cells resulting 

in greater protein secretion [23]. 

 

2.5 Bacillus megaterium as a host cell 

Bacillus megaterium with an increasingly importance in industry and science is a rod-shape, 

Gram-positive bacteria found in the soil. Being able to grow on wide range of the carbon 

sources has raised its significance in many biological fields such as waste from the poultry 

industry which is substantially the main idea behind this project. In molecular biology, 

Bacillus megaterium has been proved to be a great host for the expression of non-homologous 

DNA. Speaking of the other bacilli strains, due to the fact that none of the alkaline proteases 

are present in Bacillus megaterium it is evident that tremendous cloning and expression of the 

foreign proteins without degradation is achievable. More significantly, no endotoxins are 

found in the cell wall. Protein yields are possibly exponentially plausible if expensive 

substrates utilized more than a few numbers of proteins have been successfully overproduced 

in Bacillus megaterium. Possessing the xylose operon has ascended the gene induction in 

Bacillus megaterium making it offers exclusive possibilities for industrial production of 

proteins [25].   

2.6 Protoplast formation 

To avoid cells from blocking the passage of the DNA molecules into the host cells, they must 

be protoplast. Gram positive bacteria with having their cell wall completely lost are called 

protoplasts. It is occurred when the outer membrane and rigid layers are removed. In this 

situation protoplast is covered by a cytoplasmic membrane that forms the outer boundary of 

the cell.  Lysozyme is currently a sufficient active enzyme for protoplast formation under the 

usual methods since gram-positive organisms readily form protoplasts. Cell wall after the 

transformation must be regenerated. Soon after the formation of a wall around the protoplast 

the reconstituted cells show considerable increase in size, and consequently proper 

metabolism to be able to grow the transformants [26]. 

2.7 Enzyme purification 

Immobilized-metal chromatography (IMAC) was primarily tried to purify proteins in 1975 

[27], using the chelating ligand iminodiacetic acid (IDA). IDA was charged with metal ions 

for instance Zn
2+

, Cu
2+

, or Ni
2+

, and later used to purify several peptides and proteins [28]. 

IDA has only 3 metal-chelating sites and consequently cannot firmly bind metal ions resulting 

in low yield, impure products, and metal-ion contamination. Nitriloacetic acid (NTA) is a 

tetradentate chelating adsorbent that essentially prevails over these problems. NTA binds 

metal ions a lot more steadily compare to other available chelating resins [29]. Hence, the 

NTA matrices can bind 6xHis-tagged proteins far more tightly than IDA matrices [30]. Ni-

NTA Agarose is composed of Ni-NTA coupled to Sepharose CL-6B and increase binding 

capacity and minimizes the nonspecific bindings. This purification method basically relies on 

the binding ability of Ni-NTA resins to the tagged proteins. 
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The basic principles pertaining to the Ni-NTA affinity purification procedure under either 

native or denaturating conditions are shown in the figure 3. As it can be obviously seen in the 

figure, the Ni-NTA slurry mixed with lysate is loaded into the column and therefore bond to 

the resins in the column. The target His-tagged proteins can be simply eluted and ultimately 

collected from the bottom of the columns [31].   

 

Figure 3, purification of 6xHis-tagged proteins using the QIAexpresss System. [31] 
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2.8 Sodium dodecyl sulphate-Polyacrylamide gel electrophoresis  

In Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), samples are 

mainly injected into the wells at one end of slab in the chamber. The samples can move down 

through the gel to the bottom. The gel is normally composed of two gels. Having this gel 

polymerized would fill in the space between two glass plates which are kept tight to each 

other. Separation gel is initially made and subsequently poured into the space between two 

glasses, which fills the bottom area. Later than polymerization of the separation gel, the 

second gel which is a concentration gel is poured on the top of separation gel. Making 

separation and concentration gels with the correct compositions are extremely crucial to 

successful SDS-PAGE electrophoresis. Separation gels are normally made with different 

percentages varying depending on the molecular weight basis of the target protein. The SDS-

PAEG electrophoresis chamber has the possibility of running two series of samples on its two 

sides. Number of wells also varies a lot depending on the used combs. However, possible 

number of samples that is applied is entirely up to the experiment. 

Bromophenol blue (BPB) is a universal dye marker. It is used widely in SDS-PAGE because 

of the fact that, proteins and nucleic acids are generally colorless. BPB is a feasible, small, 

and negatively charged molecule which tends to move toward anode. It basically makes the 

samples easy to track down [32]. 

The gel usually contains a set of molecular weight marker (proteins of pre-determined weight) 

so that protein molecular weight can be estimated in an unknown solution during the 

visualization. The results are basically compared with the map (table 1) to see which protein 

has the correct molecular weight. 

 

Table 1, Calibrated Molecular Weights of Prestained SDS-PAGE standards 

Protein Molecular weight 

Myosin 200,000 

beta-galactosidase 116,000 

Phosphorylase b  97,400 

BSA 66,200 

Ovalbumin 45,000 

Carbonic anhydrase 31,000 

Soybean trypsin inhibitor 21,500 

Lysozyme 14,400 

Aprotinin 6,500 

 

 

 

 

 

http://en.wikipedia.org/wiki/Molecular_weight
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3. Materials and methods 

3.1 Overnight culture of Bacillus licheniformis 

Bacillus licheniformis ATCC
®
 53757 was bought directly from expert trader ATCC, 

American Type Culture Collection. The bacteria were sent in pellet, vacuumed in vial. The 

vial primarily was opened, making it ready for the propagation. The propagation procedure 

followed initially by aseptically withdrawing 1.5 ml of the LB medium into the vial to get the 

pellet rehydrated. Subsequently, one drop, nearly 10 µl of this aliquot was transferred into the 

10 ml of LB medium to inoculate the broth. Ultimately, the broth tube was put in the 

incubator (New Brunswick Scientific, Excell E24 Incubator Shaker Series) at 37
0
C 

aerobically for 24 hours. 

 

Lysogeny Broth (LB), a nutritionally rich medium, and the most common media used for 

maintaining and cultivating strains of bacterium was prepared according to the recipe for LB 

formulated by Giuseppe Bertani by the following materials (table 2):  

Table 2, Luria-Bertani Broth (LB) 

Ingredients  Sum   

 Bacto-Tryptone  10 (g) 

Bacto-yeast extract  5 (g) 

NaCl 10 (g) 

H2O to 1 (l) 

Total volume 1 (l) 

  

These above chemicals were suspended in autoclaved water to make the total of 1liter 

volume. Eventually, prior to autoclave of the final solution at 121
0
C, pH was adjusted to 8 by 

sodium hydroxide, using pH meter (DENVER, UB.10 Ultrabsic) [14].After 24 four hours of 

incubation, to ensure reaching the right bacterium without any infection, subsequently a 

sample of grown bacteria was taken and microscopically analyzed using fluorescent 

microscope (ZEISS, Axioster, 956830plus), magnifying it at A-plan 100×/1.25, applying 

phase contrast through ph3, ∞/0.17, clearing it with immersol oil (ZEISS, 518N). It was 

clearly seen that, bacilli bacteria had been aggregately grown, moving fast all the way around. 

The following images, figure 4 depicts bacterial morphology. It was captured, using a 

software Axiovision3.1, through AxioCamera (MRc, ZEISS). 
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Figure 4, Grown Bacillus licheniformis in microscope under blue color 

(A) and brown (B) background 

 

 

3.2 DNA extraction 

Isolation of the total DNA from the Bacillus licheniformis overnight culture was followed by 

the steps of the following protocol: 

1. In order to pellet the cells, 10 ml of the overnight grown culture was taken and 

initially centrifuged at 1300 rg for 5 min using centrifuge (Heraeus Centrifuge UK)  

2. Supernatant was poured off, and subsequently pellets were re-suspended in 3 ml of 

lysis buffer. 
 

Lysis buffer was prepared by the following recipe: 

 

 1M NaCl pH 8.0 (using NaCl [Mw= 58.44 gr].  

 1M Tris-HCl (using Tris [Mw= 121.14 gr].  

 1 M MgCl2 (using Mgcl2 [Mw = 10.165 gr].  

 0.5 M EDTA pH 8.0 (using EDTA [292.25 gr].  

 

3. In order to cleave the peptidoglycans leading to break down the cell walls, the cells 

were treated with 0.5 ml 10 mg/ml lysozyme (provided by MP, BIOMEDICALS) added 

in lysis buffer.  
4. For proper break down of the cell walls, the solution was incubated with lysozyme at 

37
0
 C for 60 minutes in water bath (JULABO, U3).  

5. Catalyzing the degradation of RNA into smaller components, 2 μl RNase A (1mg/ml) 

was added to the solution, and then incubated at 37 
0 

C for 15 minutes. 

6. Digesting the proteins and removing the contamination from preparations of nucleic 

acids, 18 μl of 10 mg/ml proteinase K was added to the solution.  

7. Lipids were broken up by treating the solution with 180 μl 10% SDS (sodium dodecyl 

sulphate). 

 

 A  B 
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8. After adding proteinase K, to get RNA, DNA, and proteins in three different phases, 

the solution was transferred into five 1.5 ml phase Lock Gel
TM

. 

9. Interphase including DNA and protein partition and organic phase were separated by 

adding 400 µl of TE-saturated Phenol: chloroform: Isoamyl alcohol (24:24:1) to the 

solution. Subsequently, RNA was present in the aqueous phase.  

10. The solution including phases was span for 5 minutes at 10000 rpm (Labnet 

Microfuge UK). After the centrifuge, the upper phase was transferred into the 1.5 ml 

microfuge tubes.    

11. 1 ml 95% EtOH was added to the mixture and then span for 6 min to resolve the RNA 

and the other residues in the aqueous phase. Next, EtOH was poured off in the sink. 

Again the pellets were washed with 1 ml 70% EtOH. Vortex and then spin the solution 

for 7 minutes was done to make sure that the only DNA is remained in the solution.  

12. Again the supernatant after centrifuge was poured off prior to dry off the pellet.  

 

Pellets were finally Re-suspended in 50 µl TE (10:0.1) (TE is the best reagent for DNA 

storage due to its ability to stabilize the pH). Ultimately, it was put at 37
0
 C for 1 hour in order 

to have it solved.   

3.3 PCR 

In this experiment, the nucleotide sequence of the keratinase gene was initially identified. 

After analyzing the gene, the primers and restriction sites were specified.    

3.3.1 Keratinase gene  

The keratinase gene (Ker gene), sometimes called KerA gene has length of the1441 base pair 

coordinates which is composed of the following nucleotide sequence. It is originated from 

Bacillus licheniformis, PWD-1. 

        1 ctcctgccaa gctgaagcgg tctattcata ctttcgaact gaacattttt ctaaaacagt 

       61 tattaataac caaaaaattt taaattggcc ctccaaaaaa ataggcctac catataattc 

      121 attttttttc tataataaat taacagaata attggaatag attatattat ccttctattt 

      181 aaattattct gaataaagag gaggagagtg agtaatgatg aggaaaaaga gtttttggct 

      241 tgggatgctg acggccttca tgctcgtgtt cacgatggca ttcagcgatt ccgcttctgc 

      301 tgctcaaccg gcgaaaaatg ttgaaaagga ttatattgtc ggatttaagt caggagtgaa 

      361 aaccgcatct gtcaaaaagg acatcatcaa agagagcggc ggaaaagtgg acaagcagtt 

      421 tagaatcatc aacgcggcaa aagcgaagct agacaaagaa gcgcttaagg aagtcaaaaa 

      481 tgatccggat gtcgcttatg tggaagagga tcatgtggcc catgccttgg cgcaaaccgt 

      541 tccttacggc attcctctca ttaaagcgga caaagtgcag gctcaaggct ttaagggagc 

      601 gaatgtaaaa gtagccgtcc tggatacagg aatccaagct tctcatccgg acttgaacgt 

      661 agtcggcgga gcaagctttg tggctggcga agcttataac accgacggca acggacacgg 
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      721 cacacatgtt gccggtacag tagctgcgct tgacaataca acgggtgtat taggcgttgc 

      781 gccaagcgta tccttgtacg cggttaaagt actgaattca agcggaagcg gatcatacag 

      841 cggcattgta agcggaatcg agtgggcgac aacaaacggc atggatgtta tcaatatgag 

      901 ccttggggga gcatcaggct cgacagcgat gaaacaggca gtcgacaatg catatgcaag 

      961 aggggttgtc gttgtagctg cagcagggaa cagcggatct tcaggaaaca cgaatacaat 

     1021 tggctatcct gcgaaatacg attctgtcat cgctgttggt gcggtagact ctaacagcaa 

     1081 cagagcttca ttttccagtg tgggagcaga gcttgaagtc atggctcctg gcgcaggcgt 

     1141 atacagcact tacccaacga acacttatgc aacattgaac ggaacgtcaa tggtttctcc 

     1201 tcatgtagcg ggagcagcag ctttgatctt gtcaaaacat ccgaaccttt cagcttcaca 

     1261 agtccgcaac cgtctctcca gcacggcgac ttatttggga agctccttct actatgggaa 

     1321 aggtctgatc aatgtcgaag ctgccgctca ataacatatt ctaacaaata gcatatagaa 

     1381 aaagctagtg tttttagcac tagctttttc ttcattctga tgaaggttgt ccaatatttt 

     1441 gaatccgttc catgatc 
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The primers for this experiment were designed using software Vector.NTI.Advance.v11.0, 

and bought from the company, Invitrogen Custom Primers with the following certification 

arranged in the table 3 and 4. 

Table 3, BglII-B.M.kerA-F Forward  

Primer 1 

Primer name:                                                                                          BglII-B.M-kerA-F Forward 

Primer Number:                                                                                      C0973D03 

) : GCG GCG AGA TCT ATG ATG AGG AAA AAG AGT TTT TGG 

Molecular weight (µg/µmol) :                                                               11269.2 

Molecular weight (µg/OD) :                                                                  26.3 

Micromolar Extinction Coeff (OD / µmol):                                          427.6 

Micromolar Extinction Coeff (nmoles / OD):                                       2.3 

Primer length:                                                                                        36 

Scale of Synthesis:                                                                                 25n mol 

Purity                                           Desalted                                   OD’s                          7.50                         

Tm (1M Na+)                               81                                             µg’s                           197.66                                            

Tm (50 mM Na+)                         59                                             nmoles                       17.5 

% GC                                           44                                            coupling eff.               99% 

 

Table 4, SphI-B.M-kerA-R Reverse 

Primer 2 

Primer name:                                                                                          SphI-B.M-kerA-R Reverse             

) : ATT ACT  GCA TGC TGA GCG GCA GCT TCG A  

Molecular weight (µg/µmol) :                                                               8614.6 

Molecular weight (µg/OD) :                                                                  27.8 

Micromolar Extinction Coeff (OD / µmol):                                          309.1 

Micromolar Extinction Coeff (nmoles / OD):                                       3.2 

Primer length:                                                                                        28 

Scale of Synthesis:                                                                                 25n mol 

Purity                                           Desalted                                   OD’s                          8.20                         

Tm (1M Na+)                               79                                             µg’s                           228.53                                            

Tm (50 mM Na+)                         58                                             nmoles                       26.5 

% GC                                           43                                             coupling eff.              99% 

 



20 

Normally, when designing nucleotide primers it is important to put couple of nucleotides at 

the beginning of the primer sequence to place the restriction site somewhere closed to 

beginning but not at the first point. Regarding this primer, we settled six nucleotides 

(highlighted by green) preferably c and G (to be able to work out annealing time) at the very 

start point of the primer sequence to make sure those restriction sites are placed in the right 

positions so they can be simply cut by the restriction endonuclease. In fact, using 

sophisticated software has facilitated putting the restriction sites into the primers as it can be 

seen within the primer nucleotide sequence in the table 3.  

 

3.3.2 PCR program 

For this experiment the temperatures as well as required time were initially calculated and 

subsequently the PCR Thermocycler (TRIO-Thermoblock, Biometra, GmbH) was 

programmed according to the cycles in the table 5. 

 

Table 5, PCR program 

Temperature (
0
C) Time (min) 

Cycle 1 

Denaturation :         96 

Cycle 2-35 

Denaturation :         94 

Hybridization:         50 

Extension :               72   

Final cycle 

Extension :              72  

 

2 

 

1 

1 

1.5 

 

10 
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3.3.3 PCR procedure 

The PCR process was performed by firstly preparing a mixture of certain ingredients.  

For this experiment, three sets of reagents provided by Fermentas were mixed with the 

following volumes in three micro tubes as arranged in the table 6, and ultimately reached the 

final volume 50 µl by addition of nuclease free water. 

Table 6, PCR reagents, Fermentas 

Total volume of 50                                        reagents provided by Fermentase                             

Tube. 

No 

Primer×2 

(Forward 

& Reverse) 

(µl) 

 

Target 

DNA 

(µl) 

PCR 

buffer 

(µl) 

Mgcl2 

(µl) 

Taqpolymerase 

(µl) 

dNTPs 

(µl) 

Nuclease 

free 

water 

(µl) 

1 1 3 5 5 1 2 32 

2 1 3 5 5 1 2 32 

3 1 3 5 5 1 2 32 

 

Another three sets of reagents provided by Invitrogen were mixed with the following volumes 

in three micro tubes as arranged in the table 7, and ultimately reached the final volume 50 µl 

by addition of nuclease free water. 

Table 7, PCR reagents, Invitrogen 

Total volume of 50                                        Reagents provided from Invitrogen 

Tube. 

No 

Primer×2 

(Forward 

& Reverse) 

(µl) 

 

Target 

DNA 

(µl) 

PCR 

buffer 

(µl) 

Mgcl2 

(µl) 

Taqpolymerase 

(µl) 

dNTPs 

(µl) 

Nuclease 

free 

water 

(µl) 

1 1 3 5 2.5 1 2 34.5 

2 1 3 5 2.5 1 2 34.5 

3 1 3 5 2.5 1 2 34.5 

 

In the end, all the six samples were put in the thermal cycler of the PCR and the machine was 

eventually programmed and run for 24 hours.  Subsequent to the end of PCR, the samples for 

analysis were kept for the next step which is Gel Electrophoresis to make sure that the 

adequate amount of DNA with the right base pair has been amplified. 
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3.4 DNA gel electrophoresis 

DNA gel electrophoresis was carried out in a Owl scientific DNA Plus Electrophoresis 

system cell by initially preparing the gel according to the following recipe: 

 1% agarose in 100 ml TBE. 

 Heat in microwave oven until it starts bubbling.  

 Add 10 µl of 10 mg/ml EtBr (Ethidium Bromide). 

 

After putting the gel solution into the electrophoresis frame, the comb possessing 12 wells 

were inserted into the gel and kept for twenty minutes until the gel is solidified. Later than 

that, the comb was taken out and the chamber was filled with 1X, TE buffer and essentially 

closed up. Eventually, it was powered by microcomputer electrophoresis power supply 

(CONSORT E433), so that voltage can go through the gel. To perform the experiments, 6 

prepared samples according to the above table were injected into wells as well as a ladder and 

subsequently run on 90 Voltage for 2 hours. The gel after 2 hours was taken out of the 

chamber and put onto a UV transilluminator UVP using (Ultra Violet Product) to see the 

result. The 1 Kb DNA ladder (U.S. Patent No. 4,403,036) provided by Invitrogen Company was 

used for this Gel electrophoresis try out.  It is principally appropriate for sizing linear double-

stranded DNA fragments from 500 bp to 12 kbp. Every single bands of the ladder consist of 1 to 

12 repeats of a 1018-bp DNA fragments that vary from 75 to 1636 bp. The 1636-bp band 

possesses 10% of the mass which is applied to the gel [12].   

 

3.5 Gene isolation from the agarose gel 

After the gel electrophoresis, the gene from the gel was isolated and substantially purified 

from the mixture, using EASYTRAP Ver. 2 kit offered by TaKaRa. 

Kit components: 

1. Glass powder             1000 µl 

2. NaI solution               100 ml 

3. Concentrated buffer   25 ml 

 

 This system relies on the recovery of the DNA from agarose gel using the basis of 

absorbency of DNA by glass powders under the presence of the NAI solution. To carry out 

the kit recovery, the bands containing the target DNA, essentially showing the right distance 

from the commence point based on the map were initially cut out of the gel in one slice by the 

cutter and put into micro tubes. And then the procedure was pursued by the following 

protocol: 

 

1. NaI solution to from the kit in three times weight of the gel slice was added to the gel 

in the micro tube. 

2. In order to melt the gel completely, the solution was incubated at 55
0
C using an 

incubator (Excella E24) for a few minutes. 
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3. Glass powders mainly used to absorb the DNA molecules were added to the solution 

by the ratio of 5µl to 1 µg DNA. To get the glass powders suspended in the solution as 

recommended by the protocol, it had been mixed up very well before it was inserted 

into the solution by using the vortex.  

4. Later than mixing the solution adequately, the tube was left in the room temperature 

for 5 minutes. It was done so that DNA can be absorbed by the glass powders so we 

could get the glass powders and DNA molecules together. 

5. The subsequent solution was centrifuged at 450 × g (3,000 rpm) using the centrifuge 

(Heraeus Centrifuge UK) for 1 min in order for precipitation of the glass powders and 

subsequently get ride of the unnecessary materials found in the solution.  

6. Supernatant of the centrifuged tube was transferred into another new tube and 

essentially kept at 4
0
C until completing the protocol.  

 

To have more DNA collection, recovery process can be reperformed by adding the glass      

powders more times again.  

 

7. Precipitated glass powders which essentially contain plenty of DNA molecules were 

washed with washing buffer prepared via the kit by the amount of more than 50 times 

volume of applied glass powder. Then the solution was suspended properly by 

pipetting up and down several times. 

8. The solution was centrifuged at 450 × g (3,000 rpm), using a centrifuge (Heraeus 

Centrifuge UK) for 2 minutes and subsequently the glass powders as precipitates were 

collected by pouring off the supernatant.  

9. Steps 6 and 7 were repeated one more time. 

10. The solution was centrifuged at 450 × g (3,000 rpm) using a centrifuge (Heraeus 

Centrifuge UK) for 1 min and then the washing buffer was totally poured off.  

11. Precipitated glass powders containing DNA molecules were suspended completely 

with sterilized distillated water. 

12. The solution was incubated at 55
0
C using a centrifuge (Heraeus Centrifuge UK) for 5 

minutes in order to get the DNA molecules extracted from the glass powders.  

13. Following the incubation, the solution was centrifuged at 450 × g (3,000 rpm) using a 

centrifuge (Heraeus Centrifuge UK) for 1 minute and ultimately the supernatant 

containing DNA molecules was collected.  

14. To increase the efficiency of the DNA isolation from the gel, steps 11 to 13 were 

repeated twice, and finally the DNA supernatant was collected and kept in the freezer 

for the following days of the process.      
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3.6 Digestion with restriction enzymes 

Using software to design the primers in this experiment plus considering the vector sequence, 

the restriction sites were defined to be endonuclease which cut the gene in the middle of gene. 

The restriction sites are BglII and SphI which they produce sticky ends [21]. 

3.6.1 Vector 

To follow the main idea of this experiment which is substantially boost the efficiency of the 

keratinase production, the matter of vector design was laid out to come after an expression 

vector. The Bacillus megaterium expression vector pSTREPHIS1525.SPlipA was bought 

directly from the expert trader; MoBiTec for extracellular expression of the protein.  

3.6.2 Restriction digestion 

In this experiment, two similar reaction mixtures; one including DNA gene and the other one 

including plasmid DNA were prepared in micocentrifuge tube to the final volume of 20 µl by 

the following reagents in the order listed in the table 8. The restriction enzymes were from 

MoBitech, Germany.  

Table 8, DNA restriction digestion ingredients 

Restriction digestion mixture for DNA gene 

Reagent Volume (µl) 

RE 10x buffer (recommended by the vendor)  2 

PCR DNA product    (for tube 1) 1 

Restriction enzyme (u/µl)  0.5 

Acetylated BSA (10 µg/ µl) 0.2 

Sterile water 16.3 

 

The similar reaction mixture for the appropriate restriction of plasmid DNA was made by the 

following reagent listed in the table 9. 

Table 9, Plasmid restriction digestion ingredients 

Restriction digestion mixture for plasmid DNA 

Reagent Volume (µl) 

RE 10X buffer (recommended by the vendor)  2 

Plasmid DNA            (for tube 2) 1 

Restriction enzyme (u/µl)  0.5 

Acetylated BSA (10 µg/ µl) 0.2 

Sterile water 16.3 
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These two sets of reagents were gently mixed by pipetting and later incubated at the 37
0
C for 

1hour. Prior to use these reaction mixtures for ligation process, they were heated at 70
0
C for 

10 minutes in order to inactivate the restriction enzymes. These two reaction mixture were 

later used for the proper ligation. 

3.7 Ligation 

For this experiment, the ligation reaction mixture was prepared by the following reagents 

arranged in the table 10. The final volume was adjusted to 30 µl using adequate quantity of 

sterile water. The DNA ligase was supplied by MoBitech, Germany.  

Table 10, Reaction mixture for ligation 

Ligation mixture  

Reagent Volume (µl) 

Plasmid vector  6 

DNA insert 10 

10X ligase buffer  2 

T4 DNA ligase  3 

Sterile water  9 

 

All the reagents were mixed and left in the room temperature for 1 hour for the later 

transformation procedure. 

3.8 Transformation 

Transformation of Bacillus megaterium ATCC 14945 into the recombinant plasmid was 

performed using protoplast transformation method as described by McCool and Cannon [33]. 

Protoplast transformation was performed initially by inoculation (1% v/v) of 50µl fresh 

overnight culture in 20ml LB medium in 60-ml flask and incubated at 37°C, 150 rpm to reach 

an optical density of 0.40 at 600 nm. To make sure that the right optical density was achieved, 

OD at 600 nm was measured several times after the inoculation and the following density 

arranged in the table 11 was obtained using (Excella E24). 

Table 11, optical density of the samples 

Time (hr) Optical density at 600 nm 

1 0.02 

3 0.25 

4 0.42 
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After reaching the desired optical density, cells were re-suspended in 2ml of RHAF. The 

Royal Hellenic Air Force (RHAF) was prepared by the following materials arranged in the 

table 12. 

 

Table 12, RHAF medium 

Chemicals Concentration (g/lit) 

NH4Cl 1.0 

Tris base 2.0 

KCl 0.035 

NaCl 0.058 

Na2SO4.10 H2O 0.30 

KH2PO4 0.14 

MgCl2. 5 H2O 4.26 

Yeast extract  5 

Tryptone 5 

Sucrose 68.46 

Glucose (10 ml) 200 

 

All these materials with right concentration solved to 1 liter of H2O, and subsequently pH was 

adjusted to 7.5 using pH-meter ((Denver, Ultrasonic). More importantly, MgCl2. 5 H2O was 

added to the solution after adding the HCl to adjust the pH. Then, cells were harvested and 

resuspended in 2 ml RHAF in which 600 µg/ml lysozyme was added. The solution was 

incubated at 37
0
C for 15 minutes using incubator (Excella E24). The protoplasts formed were 

pelleted at 1000 g for 5 minutes using centrifuge (Heraeus Centrifuge UK). The supernatant 

from the tubes was poured of and protoplasts were washed up slowly with 2 ml RHAF. 200 µl 

from the protoplast suspension were transferred into a new tube followed by adding 10 µl of 

the plasmid DNA. To this solution, 200 of 35% polyethylene glycol, PEG (MW = 8000) were 

added and gently mixed. Next, the solutions were incubated at 37
0
C for 3 minutes. 

Unhesitatingly, the solutions were diluted in 3 ml of RHAF and then centrifuged at 1000 g for 

5 minutes. From the centrifuge tubes, the supernatants were poured off and protoplast 

regeneration was carried out by suspending the pellets again in 1 ml of RHAF and then 

incubated at 37
0
C for one and half hour using incubator (Excella E24), plated on nonselective 

RHAF with 1% w/v agar plates. At the end of the day, the plates were incubated overnight at 

37
0
C. The cells from the colonies that emerged on the plates were recovered with 5 ml of LB 

medium and followed by plating on selective milk agar plates to score transformants. Milk 

agar plates were prepared for selection process by the following recipe [34]: 

 

 5 g L
-1 

peptone 

 3 g L
-1

 yeast extract 

 100 mL L
-1

 sterile UHT non-fat milk 

 12 g L
-1

 agar 
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Colonies that produced clearing zones in this medium were selected [35]. Bacillus 

megaterium ATCC14945 was ultimately grown at 37
0
C in LB broth that including 10 µg ml

-1
 

of tetracycline. This culture reaching optical density of 0.30 (at 600 nm) was induced for 

keratinase gene expression by the addition of 0.5% (w⁄ v) xylose. It was grown for 18 hours 

and then cells were harvested by centrifugation using (Labnet microfuge UK) (9000 g for 5 

min at 4
0
C) and the supernatant were taken for assay [34]. 

3.9 Protease assay 

The proteolytic activity was assessed as claimed by Secades and Guijarro [36], employing 

azocasein (Sigma Aldrich Chimie) as substrate. Protease assay was carried out summarily by 

addition of 480 µl of azocasein (1% w/v) to proper dilution of enzyme in Tris buffer (50 mM, 

pH 7.5). Then, the mixture was incubated at 37
0
C for half an hour. The reaction was 

essentially terminated with by 600 µl of 10% (w/v) trichloroacetic acid. Then, the mixture 

was put on ice for half an hour and followed by centrifugation at 1500 g, at 4
0
C for 10 

minutes. Eight hundred microliters from the supernatant was neutralized by 200 µl of 1.8 N g 

l
-1

 NaOH, and finally the absorbance (A420) was assayed using a spectrophotometer (UV-

160A Schimadzu). The reference was made by mixture of the same amount of azocasein, 

trichloroacetic acid, 1.8 N g l
-1

 NaOH. One unit of protease activity was defined as the 

amount of enzyme required to yield an increase in absorbance (A420) of 0.01 in 30 minutes at 

37
0
C [34].  

3.10 Enzyme purification 

Purification of 6xHis-tagged proteins was carried out using the Ni-NTA affinity column 

chromatography QIAexpresss system (QIAGEN Gmbh, Germany), following the 

recommended instruction by the company [31]. In the beginning, recombinant B.megaterium 

was initially grown for 18 hours followed by centrifugation at 9000 g for 5 minutes at 4
0
C, 

and the supernatant was taken for the purification. 

The materials required for the purification are listed below: 

 

 Ni-NTA matrix 

 

 Empty columns 

 

 Lysis buffer (1 liter): 

 

50 mM NaH2PO4                                 6.90 g NaH2PO4·H2O (MW 137.99 g/mol) 

300 mM NaCl                                      17.54 g NaCl (MW 58.44 g/mol) 

2 mM imidazole                                   0.68 g imidazole (MW 68.08 g/mol) 

pH adjusted to 8.0 using NaOH. 

 

 Wash buffer (1 liter): 

 

           50 mM NaH2PO4                                   6.90 g NaH2PO4·H2O (MW 137.99 g/mol) 

           300 mM NaCl                                        17.54 g NaCl (MW 58.44 g/mol) 

           20 mM imidazole                                   1.36 g imidazole (MW 68.08 g/mol) 

           pH adjusted to 8.0 using NaOH. 
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 Elution buffer (1 liter): 

 

            50 mM NaH2PO4                                  6.90 g NaH2PO4·H2O (MW 137.99 g/mol) 

            300 mM NaCl                                       17.54 g NaCl (MW 58.44 g/mol) 

            250 mM imidazole                                17.00 g imidazole (MW 68.08 g/mol) 

            pH adjusted to 8.0 using NaOH. 

 

1 ml of the 50% Ni-NTA slurry with 4 ml of protein suspension was gently mixed by shaking 

200 rpm on a rotary shaker (Excella E24) at 4
0
C for 60 minutes. Protein suspension–Ni-NTA 

mixture was loaded into the column with the bottom outlet capped. Right after that, the 

bottom cap was removed, and the column flow-through was collected. Next, the column was 

washed twice with 4 ml wash buffer, and washing fractions were collected. Finally, the 

proteins were eluted 4 times with 0.5 ml elution buffer. All the lysis, wash, and elution 

column flow-throughs were collected and saved for SDS-PAGE analysis .    

 

3.11 Enzyme assay 

The proteolytic enzyme activity after enzyme purification was determined by the method of 

Secades and Guijarro [36], employing azocasein (Sigma Aldrich Chimie) as substrate. 

Keratinolytic assay was carried out briefly by proper dilution of enzymes (six samples 

obtained from column chromatography) to 480 µl of azocasein (1% w/v) in Tris buffer (50 

mM, pH 7.5). The mixture then was incubated at 37
0
C for half an hour. The reaction was 

essentially terminated with by 600 µl of 10% (w/v) trichloroacetic acid. Then, the mixture 

was put on ice for half an hour and followed by centrifugation at 1500 g, at 4
0
C for 10 

minutes. Eight hundred microliters from the supernatant was neutralized by 200 µl of 1.8 N g 

l
-1

 NaOH, and the finally the absorbance (A420) was assayed using a spectrophotometer (UV-

160A Schimadzu). One unit of keratinase activity was defined as the amount of enzyme 

required to yield an increase in absorbance (A420) of 0.01 in 30 minutes at 37
0
C [34, 36]. 

3.12 SDS-PAGE 

SDS-PAGE was performed according to Laemmli [37]. Regarding the experiment, separation 

gel was made by the following constituents arranged in the table 13. 
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Table 13, Separation gel 

10 ml Separation gel (15%) Volume (ml) 

40% Acrylamide/bis  

 

(C3H5NO; mW: 71.08) 

3.75 

1.5 M Tris-HCl (pH 8.8) 

  

(Tris (hydroxy methyl) aminomethane) 

(C4H11NO3; mW: 121.14) 

2.5 

10% SDS solution 

 

Sodium Dodecyl Sulfate 

(C12H25NaO4S; mW: 288.38) 

0.1 

Super-Q 

 

3.65 

10% APS 

 

Ammonium persulfate 

(N2H8S2O8; mW: 228.2) 

0.05 

TEMED 

 

(N, N, N', N'-tetramethylethylenediamine) 

(C6H16N2; mW: 116.21) 

0.005 

 

Subsequent to separation gel preparation, concentration gel was made. The amounts of 

constituents of the separation gel are given in the table 14. 

Table 14, concentration gel 

10 ml Concentration gel (4%) Volume (ml) 

40% Acrylamide/bis  

 

(C3H5NO; mW: 71.08) 

1 

0.5 M Tris-HCl (pH 6.8) 

 

(Tris (hydroxy methyl) aminomethane) 

(C4H11NO3; mW: 121.14) 

2.5 

10% SDS solution 

 

Sodium Dodecyl Sulfate 

(C12H25NaO4S; mW: 288.38) 

0.1 

Super-Q 

 

6.4 

10% APS 

 

Ammonium persulfate 

(N2H8S2O8; mW: 228.2) 

0.05 

TEMED 

  

(N, N, N', N'-tetramethylethylenediamine) 

(C6H16N2; mW: 116.21) 

0.01 

http://en.wikipedia.org/wiki/Sodium_Dodecyl_Sulfate
http://en.wikipedia.org/wiki/Ammonium_persulfate
http://en.wikipedia.org/wiki/Sodium_Dodecyl_Sulfate
http://en.wikipedia.org/wiki/Ammonium_persulfate
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After preparing these two gels, setting up the SDS-PAGE chamber, and getting the gels 

polymerized, samples were mixed with Bromophenol blue.  

Six samples obtained from the column chromatography were injected into the wells. These 

samples are split up into two main groups due to their difference in incubation time. Sample 

belonging to group one had already been incubated for 9 hours prior to attain through the 

Column Chromatography. Samples of group two were processed after 18 hours of incubation. 

These samples are listed in the table 15. 

Table 15, purified samples for SDS-PAGE 

Samples Description                                                 Incubation time (hr) 

F1  Fraction sample                                                      9 

W1 Washing sample                                                     9 

E1 Elution sample                                                       9 

F2 Fraction sample                                                     18 

W1 Washing sample                                                    18 

E2 Elution sample                                                      18 

 

40 µl of the each above samples were mixed with Bromophenol blue. Then, samples were 

warmed up in hot water bath for 5 minutes. To let the steam out of microtubes, a tiny hole on 

the cap of the microtubes was made. Samples were subsequently put in ice for 30 minutes. 

Certain long tips were used finally to inject the samples as well as standard into the wells. The 

molecular mass of protein was determined comparing with the mobility of 10-250 kDa 

rainbow molecular weight markers (BIORAD). The samples were applied into the wells from 

left to right in order by the following pattern agreed as in the table 16.  

Table 16, Lanes and pattern of SDS-page samples 

Lane  1 2 3 4 5 6 7 

Sample Standard 

(ladder) 

F1 W1 E1 F2 W2 E2 

Volume 

(µl) 

10 40 40 40 40 40 40 

 

Inter-chamber which is the space between two injections sites was filed with Tris buffer 

solution. The electricity power was switched on, and samples began to move out of wells 

downward through the gel toward the positive electrode. Following one hour of electricity run 

the power was switched off, the box dissembled, and subsequently gel was soaked in the dye. 

Coomassie Brilliant Blue (CBB is a dye which is used in protein staining which is non-polar, 

anionic, and randomly bound to protein). Coomassie Brilliant Blue was prepared by 40% 

methanol, 10% acetic acid, and 50% water. To allow visualization of the protein bands, the 

gel was treated with CBB for an hour. Destaining to shrink out the gel was done by at least 

three times eluting the excess stains from the gel with the same solution. The proteins were 

finally detected as blue bands on a clear background solution. 

http://en.wikipedia.org/wiki/Bromophenol_blue
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3.13 Degradation of keratinous waste by recombinant B.megaterium in 

Erlenmeyer flasks 

Degradation of the chicken feathers by the recombinant strain was carried out as described by 

Balint et al [38].Intact chicken feathers including barbs, calamuses, and rachises were initially 

chopped into nearly one centimeter segments. Two hundred ml of 0.5 mM phosphate buffer 

;pH=8.0 (phosphate buffer was prepared by dissolution of 0.005 g of Monosodium phosphate 

and 0.125 g of Disodium phosphate into 1000 ml of water) and 8 g of chicken feathers were 

put together in 1 liter Erlenmeyer-flasks. The suspensions heated up at 135
0
C for 25 min. 

After cooling, 1 % (v/v) LB medium containing 10 µg ml
-1

 of tetracycline and 0.5% w/v 

xylose was added up and subsequently the keratinaceous media were inoculated with 

overnight culture of recombinant B. megaterium by inoculation ratio of (1:100). Cultures were 

incubated at 37
0
C with continuous shaking at 120 rpm. Samples attained from the keratin 

digesting solution were later centrifuged at 4
0
C and 20000 × g for 15 minutes [38].  

 

4. Results 

4.1 Cloning of KerA gene from Bacillus licheniformis into expression vector 

The keratinase gene from Bacillus licheniformis coding 1.14 kbp was extracted and PCR 

amplified using primers BglII-B.M-kerA–Forward and SphI-B.M-kerA–Reverse. The PCR 

amplified fragments were resolved in the gel electrophoresis putting on a UV transilluminator 

UVP using (Ultra Violet Product) and bands were visualized as it can be seen in the figure 5.  

 

Figure 5, PCR-amplified genes on agarose gel 

 

The first lane from left of the picture contains a DNA ladder which is substantially used for 

sizing. The other six lanes represent samples prepared by two different series of reagents. Those 

first three lanes correspond to DNA samples in which reagents provided by Fermentase had been 

mixed. And, the other three lanes correspond to samples in which reagents provided by 

Fermentase had been mixed. The 1 Kb DNA ladder (U.S. Patent No. 4,403,036) provided by 

Invitrogen Company was used for this Gel electrophoresis try out as previously shown in figure 1.  

1440 bp 
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After putting the gel under the UV light, all the different bands with different size were 

essentially visualized. Those DNA molecules which had reached the distance corresponding 

to 1444 bp in the ladder map were certainly the desired keratinase genes which had been 

successfully amplified.  

    

The PCR amplified keratinase genes were isolated from the gel, digested by BglII and SphI 

endonuclease restriction enzymes, and the resulted sticky ends were ligated into the  Bacillus 

megaterium expression vector pSTREPHIS1525.SPlipA. Cells of Bacillus megaterium 14945 

were made into protoplasts, and the host cells were successfully transformed with the 

recombinant plasmid pSTREPHIS1525.SPlipA. 

 

4.2 Expression of kerA gene in Bacillus megaterium 

The recombinant B.megaterium was acquired as a result of cloning the keratinase gene into 

Bacillus megaterium expression vector pSTREPHIS1525.SPlipA. The cloned keratinase gene 

in Bacillus megaterium 14945 was expressed under the control of xylose promoter and hence 

the keratinase gene in Bacillus megaterium 14945 was expressed upon induction by xylose. 

The recombinant Bacillus megaterium 14945 was grown on milk agar plates supplemented 

with xylose 0.5 % (w/v). The recombinant Bacillus megaterium 14945 carrying keratinase 

gene displayed a clearing zone around the colonies, (figure 6). 

 

Figure 6, Clearing zone around recombinant colonies 

 

 

4.3 Protease activity 

The shake flask culture of recombinant B.megaterium 14945 induced with 0.5% (w/v) xylose 

produced noticeable amount of protease activity after 9 hours of incubation compared to the 

B.megaterium 14945 wild type. In fact, over the course of transformation nearly 7 (units / ml) 

increase in protease activity was observed as it can be clearly seen from the difference 

between optical density (OD) from wild-type to recombinant, (table 17).  
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Table 17, optical density of B.megaterium for wild-type and recombinant strain 

 

Optical density (OD) 
 

 

Host cell 

 

Non-transformed 

 

Transformed 

  

 

Bacillus megaterium 14945 

 

 

0.005 
 

0.034 

 

 

4.4 Enzyme purification 

Purification of 6xHis-tagged proteins was carried out using the QIAexpresss system by Ni-

NAT agarose column chromatography. To see the effect of incubation time, purification was 

performed twice with two different incubation times. Once, the cells were grown for 9 hours, 

and second the cells grown for 18 hours. All the six column flow-through were collected and 

saved for SDS-PAGE analysis, (table 18). 

Table 18, list of column flow-throughs obtained from chromatography columns 

 

Column flow-through 

 

 
2. Incubation (9 h) 

 

 
1. Incubation (9 h) 

 

Lysis fraction (L1) 

 

 

Lysis fraction (L2) 

 
 

Washing fractions (W1) 

 

 
Washing fractions (W2) 

 
 

Elution fractions (E1) 
 
Elution fractions (E2) 

 
 

4.5 SDS-PAGE 

Separating the molecules in the basis of size, large proteins with greater molecular weight 

moved very slowly. On the contrary, smaller proteins moved rapidly. Gel was finally 

destained and consequently proteins were visualized on a clear back ground as it can be seen 

as blue bands in the figure 7.  
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Figure 7, Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE): proteins in culture supernatant of F1 (lane 2), W1 (lane 

3), E1 (lane 4), F2 (lane 5), W2 (lane 6), and E2 (lane 7) respectively. Protein molecular weight markers (lane 1). 

 

Comparing the result from picture with the map (table 1) shows that the protein is located 

between Ovalbumin and Carbonic anhydrase which has approximately 33 kDa molecular 

weight. 

 

 

 

4.6 Enzyme activity 

All the six column flow-through collected from Ni-NTA affinity Column Chromatography 

showed detectable amount of proteolytic activity. Indeed, as result of transformation 29 

(unit/ml) increases in enzyme activity was observed clearly from the difference between 

optical densities obtained from the purified enzyme, (table 20). 

Table 19, proteolytic activity of wild-type, recombinant, and purified recombinant B.megaterium  

Samples  Optical density (A420) Proteolytic activity (U/ml) 

Wild-type 0.005 0.5 

Recombinant (9 h) 

 

0.034 3.4 

Purified recombinant (9 h) 0.126 12.6 

Purified recombinant (18 h) 0.295 29.5 

 

 

4.7 Degradation of chicken feathers by recombinant strain 

Keratin degradation try-out was preliminarily conducted in 1 liter Erlenmeyer flasks with 

steady shaking; using a culture volume of 200 ml. feathers were partially degraded after 24 

hours of incubation with recombinant B.megaterium. Macroscopic digestion of feather 

1 2 3 4 5 6 7 
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residues increased considerably upon prolonged incubation resulting in a color change from a 

roughly colorless medium to a yellowish fermentation broth. That was par for the course. 

Whole decomposition of chicken feather was eventually observed within 7 days (figure 8). 

These figures suggest that recombinant B. megaterium is capable of digesting and releasing 

proteins from chicken feathers accordingly formation of a peptide-rich fermentation broth. 

 

       

 

     

Figure 8, feather degradation by the recombinant B. megaterium (right side in each picture) compared with the wild type strain (left side in 
each picture) in 1 liter Erlenmeyer flasks. After 1 day (A), after 3 days (B), and after 5 days (C). The complete digestion was seen after a 

week (D). 

 

 

 

C D 

A B 
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5. Discussion 

There has been a lot research going on regarding keratinase gen expression as well as over 

production. In one of these researches which was conducted by a group of molecular biologist 

in India 2007, in recombinant B.megaterium (pWHK3), the keratinase gene from 

B.licheniformis MKU3was successfully expressed under xylose inducible promoter and 

secreted into the medium at high level, resulted in 166.2 (U/ml) keratinase yield after 18 h of 

incubation [34]. The year after 2009, they extracted keratinase gene from Bacillus 

licheniformis MKU3 and expressed it under xylose inducible promoter (PxylA) or a-amylase 

promoter (PamyL) or both in B.megaterium. Recombinant B. megaterium MS941 (carrying 

pWAK3 recombinant vector) with PamyL promoter showed this time a higher keratinase 

yield (168.6 U/ml) after 36 h of growth in LB medium in comparison to Bacillus megaterium 

MS941 (carrying pWxAK3) expressing ker gene with PxylA–PamyL promoters  [13]. 

Likewise, pdh gene of Sarcina ventriculi was productively expressed under xylose promoter 

in B. megaterium, resulting in an 11-fold increased yield [39]. In recombinant P.pastoris X33 

(pPZK3), the keratinase gene was effectively expressed under alcohol oxidase (AOX1) 

methanol inducible promoter and the maximum keratinase activity (2.9-fold enhanced 

production) after 96 h was demonstrated [40].  

In order to pursue the idea of recombinant keratinase production in this work in addition to 

following the efforts which have been made so far, we extracted the kerA gene from 

B.licheniformis MKU3, and effectively cloned it into Bacillus megaterium expression vector 

pHIS1525.SPlipA. The recombinant vector pKERHIS1525.SPlipA carrying recombinant 

keratinase gene was successfully transformed into B.megaterium and subsequently expressed 

under xylose inducible promoter. The B.megaterium secreted recombinant keratinase gene 

into the culture medium. The enzyme activity assay showed in 29 U/ml increased yield 

compared to the wild type. 

Native strains are generally purified using multistep purification procedures due to their 

multiple proteolytic production ability. In fact, Ultrafiltration, ion exchange, and gel filtration 

chromatography are the most common methods employed for keratinase purification from 

native strains [2, 41]. An economical way would be to use low-cost, one-step procedures. It 

was previously demonstrated that, B. megaterium MS941under xylose inducible promoter 

secretes up to 1 mg/ lit of 6His-tag lactobacillus reuteri levansucrase into the medium and 

recovered by one-step affinity chromatography [42].  

In this study, we have purified 6His-tagged keratinase by means of affinity chromatography. 

Having the end of the vector tagged with Histidine made it easy for the resins in the column to 

recognize the keratinase gene carrying 6His-tag. As a result of affinity of these resins to 6His-

tag, the Recombinant proteins were purified through this chromatography column yielded 

relatively increased protease activity. Molecular mass of the purified keratinase appeared on 

SDS-PAGE to be approximately 33 kDa which corresponds to that purified keratinase of 

B.licheniformis PWD [41].  

Due to resistance of feathers against physical, chemical and enzymatic decomposition, 

microbial degradation of feathers eases handling of huge amount of waste from poultry 

industry which is a potential way to produce biogas. A great number of microorganisms are 

reported in this regard. The purified keratinase from B.licheniformis PWB-1 is well known to 
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be able to degrade chicken feathers [41]. Bacillus cereus DCUW was also found to be capable 

of degrading feathers [43], similar to Bacillus subtilis S14 [15]. 

Our study suggests the ability of recombinant B.megaterium ATCC
®
14945 to degrade poultry 

feathers as macroscopic digestion was accomplished within a week in 1 liter Erlenmeyer flask 

of chopped feathers inoculated with the recombinant strain in phosphate buffer. The resulting 

peptide rich fermentation broth has the possibility of simply being turned into biogas which is 

an ideal non-polluting source of fuel. Biogas production from poultry waste by means of gene 

cloning may possibly help human being to meet their future fossil demands as well as 

pollution concerns. However, our repeating the test shows that digestion ability of the 

recombinant strain is basically limited to the stability of the recombinant plasmids as 

B.megaterium expression system suffers instability of the plasmids in antibiotic mediums. To 

assess the biological reason for the instability of the vector, well suited plasmid can be 

constructed. 

 

6. Conclusions 

Here we report the successful production of keratinase by cloning the ker gene obtained form 

Bacillus licheniformis ATCC
®
53757 into Bacillus megaterium expression vector; 

pHIS1525.SPlipA and effectively expression of the gene carrying recombinant plasmid 

pKERHIS1525.SPlipA under xylose inducible promoter. The enzyme was then purified using 

Ni-NTA affinity column chromatography and the extracellular keratinase activity of 29 U ml
-1

 

after 18 h of incubation was obtained. The chopped chicken feathers were totally digested by 

the recombinant strain after 7 days in 200 ml of 0.5 mM phosphate buffer including xylose 

and tetracycline. 
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