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Abstract 

A recombinant Bacillus megaterium strain with a chromosomally integrated gene kerA, 

expressing keratinase, was analyzed regarding action in specific environmental stresses to 

obtain optimum parameters necessary for bacterial growth and optimal expression of the 

recombinant gene. 

 

The strain was grown on chicken feathers as substrate and the degradation of feather keratin 

during the growth was investigated with different levels of pH, temperature and feather 

concentration in the broth.  Two strains were analyzed, capable to grow with 575 x and  

1025 x amounts of antibiotics, erythromycin, where the strain of 1025 x showed higher 

potential for expression. Maximum keratinolytic activity was achieved at a pH of value 8.5, at 

temperature of 45 °C and substrate concentration of 0.2 % (w/v). 

The growth rate was determined by total plate count, which indicated that there was an 

increasing number of colony forming units together with increasing concentration of soluble 

keratin. The diluted fractions did not appear to produce colonies to any significant amount.  

However the results for which reason the results for optimal growth conditions are guidelines 

for future analysis for a chromosomally recombinant Bacillus megaterium. 

  

Keywords: Keratinase, chicken feathers, growth, Bacillus megaterium 
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1. Introduction  

It is a fact that energy consumption has increased rapidly over the years due to increased 

population in the world. The demand for pure and cheap fuel is at its peak. At present the 

energy demand is covered by 80 % fossil fuels, which is not a renewable energy source. This 

has led to economical crises due to increased fuel costs; moreover the utilization of fossil 

fuels caused environmental problems, among others increased emissions of greenhouse gases 

[1].  

Sustainable development can be achieved if focus lies on renewable resources. We need to 

use the renewable resources to prevent further increase in CO2 emission. It is a closed carbon 

cycle and not an opened one like for fossil fuels we are striving for. 

The renewable resources as wind-,-water- and solar-energies are not enough to satisfy the 

energy needs. One other source that needs to be utilized more efficiently is the wastes that 

humans produce. There are possibilities to utilize organic waste from municipalities; food 

production, plants or other feed crops, as well as other waste streams of organic origin, for 

biofuel-production, in order to make biogas or bioethanol. 

The feedstock for biogas production investigated in this thesis is chicken feathers. Chicken 

feathers represent approximately 6 % of the entire weight of the chicken, and results in an 

immense size of waste for disposition.  Feathers contain high amount valuable building 

blocks, amino acids, as they consist of 90 % of a protein, keratin. There are different possible 

utilizations for feather waste, such as incineration for energy production and animal feed 

production after suitable pretreatment;-however today most of this waste fraction will still end 

up in landfilling areas. 

Keratin can be a valuable source of amino acids, but feathers needs to be pretreated first, that 

is, both to prevent accumulation of pathogens (according to the European legislation feathers 

are classified as animal byproduct and therefore need strict treatment) and to achieve free 

amino acids through degradation and hydrolysis of feathers. 

However, feathers should be treated enzymatically rather than mechanically and chemically 

which may destroy amino acids and also consume energy. The enzymatic treatment not only 

could benefit the economy but could lead to other positive effects. When utilizing keratinase, 

for example for the treatment of slaughterhouse waste, the enzyme would be able to degrade 

prions, since keratin has similar conformational structure to that of prions. Subsequently this 

will have important advantages especially with utilization for animal feed [2]. 

 

Other studies were focusing on utilizing enzymatically pretreated feathers for biogas 

production.  A previous study carried out in our laboratory was using a recombinant Bacillus 

megaterium for biological pretreatment aiming to improve the -biogas production of feathers 

[3]. 

Another study using a commercial proteolytic enzyme Savinase® for the enzymatic 

pretreatment involved a co-digestion of chicken feathers together with the organic fraction of 

municipal solid waste, this in order to improve efficiency of anaerobic digestion. A direct 

enzyme feeding strategy was developed during the co-digestion process resulting in a 

methane production of 0.485 Nm
3
/kg VS/day with a stable reactor performance [1]. 
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Instead of using a direct enzyme feeding strategy, and rather using a recombinant bacterial 

strain which is able of producing the enzymes, one can reduce costs instead of purchasing 

purified enzymes. 

The bacteria used in this thesis for the production of keratinase were derived from Jalendran 

and Dadvar from a project in which a strain of Bacillus megaterium was made to have a 

chromosomally incorporated gene, ker A gene (derived from Bacillus licheniformis), for the 

expression of the enzyme. The study was performed on a seven day hydrolysis with feathers 

as substrate. The results showed that the integrant strain was able to totally digest the feather 

meal. In this thesis however the main goal was to find the optimum parameters for the growth 

of the bacteria and thereby achieving maximum enzyme production [4]. 
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2. Background 

2.1 Market for the poultry industry 

According to the Food and Agricultural Organization of the United Nations (FAO) the world 

market for poultry and meat consumption has increased, which has led to increased amounts 

of waste, containing of feathers, carcasses, manure etc.  The consumption of poultry in 2007 

was estimated to 89.5 million tons [5]. 

 

 

Figure 1, The world consumption of meat in 2007 [6]. 

 

The weight of feathers is around 6 % of the total weight of a chicken and causes problems for 

the disposal of this waste [7]. 

Converted feathers are used as dietary protein supplement today for animal feedstuff, for 

instance for poultry and swine. This is however only to a limited basis as the digestibility is so 

small when it comes to structural obstacle in the keratin protein [8]. 

Therefore most of the feather wastes are disposed in land filling or incinerated today, which is 

expensive and is contaminating the environment. The utilization of the feathers instead to a 

larger extent producing valuable products will result in reduction of costs for heating and 

chemicals together with taking care of the environment as well [7]. 
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2.2 Biogas production 

 

Biogas is produced by microorganisms by fermentation/digestion of organic waste fractions 

under anaerobic conditions.   

The process is called anaerobic digestion (AD), where the waste or substrate that the 

microorganisms can utilize will undergo degradation in several steps and these are; 

hydrolysis, acidification, acetogenesis and methanogenesis.  

The overall reaction for anaerobic digestion is; 

Organic matter+H2O(anaerobes)(methane) CH4+(carbon dioxide) CO2+New 

biomass+(ammonia) NH3+(hydrogen sulfide) H2S+heat      

The main composition of biogas is methane and carbon dioxide, together with smaller 

amounts of nitrogen, hydrogen and oxygen (Table 1).  

 

 Composition of biogas 

Substances Symbol Percentage 

Methane CH4 50 - 70 

Carbon Dioxide CO2 30 - 40 

Hydrogen H2 5 - 10 

Nitrogen N2 1 – 2 

Water vapour H2O 0.3 

Hydrogen Sulphide H2S Traces 

Table1. Composition of biogas presented (adapted from FAO [9]). 

 

2.3 Degradation pathways in anaerobic digestion (AD) 

The conversion of organic waste to methane involves 4 steps there in each step different kinds 

of microbial populations are active (Figure 2).  

During hydrolysis; different extracellular enzymes produced by different groups of 

hydrolytic bacteria convert macromolecules present in the substrate, for example proteins, 

fats, cellulose and hemicelluloses into water soluble monomers like sugars, amino acids and 

long-chain fatty acids. The enzymes involved in this step are amylases, lipases, proteases, 

cellulases and hemicellulases. How long this step is depends on the characteristic of the 

substrate used; it may vary from a couple of hours to a couple of days, therefore this step in 

the AD process may be the rate limiting step.   
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Acidogenic fermentation is the step where the monomers from the first step are degraded to 

short chained acids, alcohols, and also carbon dioxide and hydrogen. When a well-balanced 

system is obtained, the main products produced during this step are acetate, hydrogen and 

carbon dioxide. Otherwise the intermediates alcohols and volatile fatty acids may accumulate. 

Acetogenic oxidation is the step where acetate, hydrogen and carbon dioxide are formed by 

oxidation from the intermediates produced in the acidogenic fermentation. Ideally for this step 

is a production fraction of 70 % acetate and 30 % carbon dioxide.  

The acetogenic and the methanogenic bacteria live in close symbiosis. An example of this 

symbiosis can be seen by the fact that the hydrogen which is formed by acetogenic bacteria 

can be used by methanogenic bacteria for methane production. But if the hydrogen would be 

ackumulated then the acetogenesis would be forced to stop. If the hydrogen partial pressure is 

too high the acetogenic bacteria will not survive [10]. 

Methanogenesis is the final step in AD. Here the methanogens convert carbon dioxide, 

acetate and hydrogen to methane and carbon dioxide. Methane formation can be performed 

during the following two reactions: 

1. 2CH3COOH <->CH4+CO2 

2. CO2+4H2<->CH4+H2O 

 

the first reaction is the primary producer as the hydrogen in the second reaction is limited [1]. 

 

 

Figure 2, Pathways of anaerobic digestion [11].  
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2.3.1 Pretreatment of substrates prior anaerobic digestion 

 

To obtain the highest methane production it is preferable that the substrate to be used is easily 

digested in the anaerobic digester. However not all substrates can be used without pretreating 

as they may be resistant towards degradation. For instance if the substrate to be used has a 

complex structure, this may affect the retention time in the hydrolysis step. Therefor the 

substrate must be pretreated to open the complex structure of the molecule. 

To achieve digestion from feathers, pretreatment is necessary prior anaerobic digestion. 

There are several different techniques for enhancing the methane yield, and also which will 

lead to a lesser effort needed in the purification of bio-methane. The pretreatment procedures 

can be conducted in different ways prior anaerobic digestion; for instance thermal, chemical, 

mechanical or biological pretreatment. 

 Chemical pretreatment  

Acid or alkaline hydrolysis. 

 Thermal pretreatment (high temperatures) 

Used for splitting complex organic wastes to more simple biodegradable constituents. 

This leads to a higher rate of the hydrolysis step in AD. 

 Mechanical 

For example milling or irradiation. 

 Biological pretreatment (enzymatic pretreatment).  

Predigestion of the substrate by microbial activities [12]. 

 

 

2.4 Waste from poultry industry 

 

Waste  

 

The poultry industry has waste consisting of excreta, litter, feathers and other. Most of these 

fractions are taken care of by-, for instance composting of the manure, anaerobic digestion to 

produce biogas, and combustion to gain heat and power. Also some waste fractions are 

utilized for animal feed. However, the poultry feather waste is used to a limited basis as 

nitrogen source or as supplement of protein for animal feed. Most of the feather waste is 

however land filled today [7]. 

 

Treatment of the poultry waste 

Waste treatment can be divided into three categories such as chemical, biological, physical 

and thermal. An important point of view to consider is the biological treatment, because that 
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is where renewable energy can be gained; for ex. in the form of biogas.  

 

Biological treatment for renewable energy production 

To utilization of biological waste to produce biogas is a way to produce renewable energy. In 

this work, emphasis will lie on optimizing feathers to be used as substrate in the biological 

treatment of this waste. For this reason, bacteria will produce enzymes that will break down 

the feathers into amino acids which in turn will be accessible for the next steps in anaerobic 

digestion leading to improved biogas production.  

 

Problems with poultry waste and how to solve these 

Landfilled poultry waste like feathers may cause problems with pollution to air, land and 

water [7]. 

The problems of feather waste is both it has a complex structure due to the protein keratin 

which constitutes approximately 90 % of the entire feather, and the high risk of contamination 

of pathogens. Pathogens from the poultry waste may spread to animal feed, but if pretreated 

with biological treatment, using enzyme keratinase in the case of feather degradation, the 

enzymes will also degrade prions. 

The biological pretreatment is cheaper method than for instance chemical treatment, even 

though this is a time consuming method. Also, handlings with corrosive chemicals are 

reduced if working with enzymes instead. The resulting hydrolysate will be high in nutrition 

level and therefore suitable as animal feed as well as biogas production. 

Degradation of feathers has earlier been performed by alkaline hydrolysis and steam pressure 

cooking; this however may destroy valuable amino acids as methionine, lysine and histidine 

and is also considered as costly method. The resulting hydrolysate is low in value but suitable 

for biogas production purpose [7].  

 

2.5 Keratin and Keratinase 

 

2.5.1 Keratin 

Keratin is a protein that can be found in example hair, wool, scales and feathers. It is an 

insoluble fibrous structural protein.  

Keratin has a number of important roles in nature due to its structure; there are two main 

types of keratin, i.e. α and β-keratin which exist. In α-keratin alpha-helixes are dominant 

while in β-keratin beta-sheets. α -keratins are found in mammals and this is a softer kind of 

keratin, while β -keratins are more common in birds and reptiles and is a hard keratin that 

adds rigidity to form feathers for example. Most of the different variants of keratins are 

mechanically strong and unreactive [13]. 
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Keratin is known to be stable against enzymatic hydrolytic attacks from common proteases 

like serine proteases. This is due to the dense packing of the polypeptide chains and also due 

to a stability created by hydrogen bonds and hydrophobic interactions. Stability is also 

derived thanks to crosslinkings between protein chains; cross linkage is made up by disulfide 

bridges that provide mechanical stability; i.e. meaning insolubility for instance [8]. 

 

2.5.2 Keratinase 

Keratinase is a proteolytic enzyme that digests keratin.  Keratinases differ from other 

proteolytic enzymes to the extent that their keratin degrading properties are much more 

efficient. The category of which type of proteolytic enzyme keratinase belongs to is most 

often to the serine protease family. However, it is the producer which determines the type of 

enzymes that are produced. Also serine proteases with cycteine and metallo proteases have 

been found [7]. 

Microorganisms that produce keratinolytic enzymes are fungi, actinomycetes and bacteria.  

Enzymes have been found and isolated in keratinrich sources as poultry waste for instance. 

The most common bacteria that produce keratinase are deriving from the genera 

Streptomycetes and Bacillus. The most common catalytic type is the serine protease. 

Keratinase characteristics can vary from each other depending on parameters such as 

producer, source of isolate, properties of the biochemical and biophysical sort, like for 

instance pH and temperature. Generally they have optimal activity; at neutral to alkaline pH 

and at temperature range of between 40-60 ºC, however alkalophilic and thermophilic 

conditions have been also shown to be optimal for some others.  For enzymes produced by 

different strains of Bacillus licheniformis the optimal pH range was found between 7.5-10 [8]. 

The mechanism of how keratinase is acting during hydrolysis is not fully elucidated.  But it 

seems that reduction of cysteine bridges may have an influence on keratin degradation. Some 

bacteria that produce keratinase are Bacillus licheniformis, Bacillus subtilis, -Bacillus pumilus 

and Bacillus cereus [14]. 

Keratinases show higher activity on soluble proteins like casein than on keratin. It has also 

been proved that in most cases native keratin are difficult to be hydrolyzed by purified 

keratinolytic enzymes due to high amount of disulfide bonds presented in its structure. So, it 

is not only the release of extracellular keratinolytic proteases that control the hydrolysis of 

keratin, but the reduction of disulfide bonds, called sulfitolysis, plays an essential role as well 

[8]. 

 

2.6.2.1 Utilization areas for keratinase 

Thanks to the degrading features in keratinase there are a variety of utilizations for this 

enzyme other than hydrolysis prior biogas production. Mentioning only a few of them is for 

instance as in detergent applications (removal of keratinous waste) and also in the woolen 

textile industry (example shrink proofing wool). Furthermore, some novel applications are in 

enhancement of drug delivery in some tissues and also in the hydrolysis of prion proteins 

[14]. 
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2.6 Overview of Bacillus megaterium  

Bacillus megaterium is a prokaryotic cell, with a rod shape form which can form endospores. 

This bacterium belongs to the gram positive class and is thermophilic as it can survive 

extreme conditions due to its ability of sporulation during hard conditions. The cell also lack 

membrane bound organelles and has a high amount of peptidoglycans in the outer cell wall 

(Figure 3).  

 

 

Figure 3:  An example of the cell wall as it is built up in Bacillus megaterium, the polymer 

peptidoglycan is assembled by N-acetyl glucoseamine, N-acetylmuramic acid and amino acids. The 

peptide chain may be crosslinked with other strands forming a 3 D mesh pattern   [15] [16]. 

 

2.7 Bacillus Megaterium, a recombinant strain 

An advantage with Bacillus megaterium is that it is a large bacterium which is rather easy to 

use for genetic engineering [17]. 

The strain used in this study was prepared by Jalendran and Dadvar (2011) by performing a 

chromosomal integration method. The kerA gene, which encodes for production of keratinase, 

was derived from Bacillus Licheniformis and together with the SPlipA gene (signal peptide 

from plasmid pHIS1525.SPlipA which originates from Bacillus Megaterium) a so called 

“SPK gene cassette” was constructed. This in return was cloned into the integration vector 

pMUTIN-GFP
+
 6192bps (Figure 4) and this vector was then transformed into Bacillus 

megaterium ATCC 14945 [4]. 
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Figure 4, The integration vector pMUTIN which was used by Jalendran and Dadvar (2011), for 

production of the recombinant bacteria used in this particular report [18] 

A chromosomal integration was performed, by using homologous single crossing over 

mechanism. The resulted recombinant Bacillus megaterium strain was able to degrade 

feathers completely. This thanks to a strong natural promotor from the chromosomal locus of 

the SPK, which works as an inducible promotor for the extracellular enzyme production.  

The derived recombinant bacterium strain was also treated with an antibiotic, erythromycin 

(E6376 Sigma Aldrich) in different ratios, ranging from 1 x to 1525 x, there x corresponds to 

0.3 µg/ml, in the concentration of erythromycin (Figure 5). The addition of the antibiotics was 

to investigate if this could increase the copy number of the genes in the cells and thereby 

increase their keratinase activity.  
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Figure 5, Structure of the antibiotic erythromycin which was used as an addition to develop the 

different strains of recombinant Bacillus megaterium that contained different number of copies of the 

keratinase gene. Purpose was to evaluate if strains grown in different concentrations of antibiotics had 

any effect on keratinase activity expression [19].  

 

The integrant strains that were chosen to be examined further were isolated from colonies 

grown at 575 x and at 1025 x antibiotics levels. These two strains had given the best activity 

results earlier based on average calculations made by activity tests conducted by Jalendran 

and Dadvar, 2011 [4].  

2.8 Finding optimal parameters 

The effects on various environmental stresses have been reported in earlier studies regarding 

the keratinolytic activities and the growth conditions of Bacillus megaterium.   

In this work the work was focused on investigating the effects of parameters such as pH, 

temperature, antibiotics concentration and substrate concentration.  

From a report by G.-T. Park and H.-J.Son [19], the effect of pH on keratinolytic activity and 

growth using a Bacillus megaterium F71 was investigated. The feather degrading bacterium 

had a stable expression at pH 6 and up, whilst a rapid change occurred around pH 4.5-5 to 

6.5-7.   

For this reason it is of big interest to replicate tests using three pH values in the upper interval. 

Therefore pH 7, pH 8.5 and pH 10 were chosen for the investigations in this work to see if the 

present strains will act accordingly.  

When it comes to temperature the optimum range was reported previously between 25-40 °C. 

Furthermore, for a substrate basis it was indicated that feathers as a sole carbon source was 

supporting keratinase production and that there was only a slight or none difference when 

addition of fructose, glucose or galactose were performed for increasing the enzyme 

production [20].  

That is why only feathers, as carbon source, were also used during the tests in the present 

study.  

 

Feather degradation was lowered as keratinase activity was increased with increased amount 

of feather concentration, where the highest value was 1.7 %, according to a report from G.-T. 

Park and H.-J [20]. 

The feather concentration was chosen according to a report by Chen Gang C. and Bing Gan L. 

[2], testing keratinase production by using Bacillus subtilis (mutant strain), which showed 

high potential for keratinase activity at 10 g/L of substrate loading. In this report the 

concentrations used for the feather substrate were 20 g /L and 2 g /L. 
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3. Methods and Materials 

The objective of this work was to optimize the growth conditions for a recombinant strain of 

Bacillus megaterium.  The used bacterium carries an integration vector for the keratinase gene 

which was derived from Bacillus licheniformis. The main goal was to obtain maximum 

production of keratinase when utilized on the substrate chicken feathers. The purpose for the 

resulting hydrolysate is to enable utilization of it for the production of biogas in anaerobic 

digestion.  

3.1 Batch growth with feather as carbon and nitrogen source 

As a preliminary test, two strains developed by Jalendran and Dadvar 2011 [4] that used 

different concentrations of erythromycin in the growth media were investigated. Together 

with the different growth parameters; pH (with interval between 7- 10) and temperatures 

(with interval between 20-45 °C) the optimal conditions were found. The investigations were 

carried out using batch experiments; there the hydrolysis of feathers was followed up during 

bacterial growth of 7 days. The reactors used were Erlenmeyer flasks with a working volume 

of 100 ml which were placed in a shaker incubator during the experimental periods (Figure 7).  

The culture media used was phosphate buffer with feathers as only carbon source and the 

inoculum taken from an overnight culture was set to a ratio of 1:10. The feathers were 

obtained from Sobacken (Borås Energi och Miljö AB), and were washed and dried prior to 

use (Figure 6). Before inoculation the batches were sterilized (autoclaved, Figure 9); then the 

medias were adjusted to the right pH´s that were selected (7, 8.5 and 10).  

The experimental conditions were designed according to method described by Jalendran and 

Dadvar (2011) [4] where the velocity of the shaker was 140 rpm. The amount of substrate was 

set to 2 % (w/v) for the tests during the first three preliminary experiments where each week 

used a different temperature. The following temperatures were tested; 30-, 35- and 45 º C. 

After the preliminary experiments, the samples with the highest keratinolytic activity were 

repeated for an optimization study with the optimum parameters for further investigations.  

At the end of the 7 days hydrolysis, samples were collected to be analyzed for protein content 

(with Lowry assay) and keratinase activity (by using keratin azure). 
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Figure 6, Feathers from Sobacken used in this report, washed and chopped into smaller pieces of size 

in the range of 1-10 mm.  

 

 

Figure 7, The shaker/incubator (New Brunswick Scientific E24). Used during the experiments 

containing the reactor vessels.  
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Figure 8, Autoclave used for sterilization of media. 

 

 

Materials 

 

Phosphate buffer  

The sterilized buffer contained the following chemicals in which the feathers were hydrolyzed 

by the bacteria, the composition was the following: 

 

K2HPO4 (0.3 g/L) 

KH2PO4  (0.4 g/L) 

NaCl (0.5 g/L) 

MgCl2 (0.05 g/L) 

NaOH (for pH adjustment) 

[4] 

Steps involved in analysis 

 Substrate concentration: Feathers 2 % (w/v) and 0.2 % (w/v). 

 Inoculum from overnight culture of the recombinant strains was added, achieving a 

concentration of 10 % (V/V) to start with.  

 The flasks were then placed in a shaker at constant temperature for seven days, in 

order to determine the growth rate, the enzymatic activity and the degree of feather 

degradation.  

 The crude enzyme mixture was then collected, centrifuged at 10 000 rpm to separate 

the residual from the hydrolysates and the liquid fractions were then stored in the 

freezer until analysis. 
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3.2 Protocols for analysis 

All samples were collected and conducted towards testing of soluble protein content as well 

as the enzymatic activity. 

 

3.2.1 Protein content measurements 

 

The protein concentration was determined by the Lowry protein assay with BSA (bovine 

serum albumin) as standard [21]. Lowry assay is a method where the biuret reaction 

Cu
2+
Cu

1+
 takes place, where these ions react with peptide chains under alkaline conditions. 

The Folin reagent will be reduced and oxidation will occur on the aromatic residues; 

tryptophan and tyrosine which will give the total protein concentration by absorbance 

measurements [22].  

  

Chemicals: 

Reagent A: 

2 ‰ NaK-tartrate x 4 H2O 

2 % Na2CO3  

0.1 M NaOH 

H2O   

 

Reagent B:  

0.5 % CuSO4 x 5 H2O 

Reagent C:  

A mixture of A and B 

For stopping the reaction: 

Folin-Ciocalteus reagent (F9252, Sigma Aldrich) 

 The standard curve was obtained by preparing different protein concentrations of 0.01; 

0.05; 0.1; 0.5; 1.0 (mg/mL) by the dilutions of a stock solution of BSA.  

 First 50 ml of Reagent A was mixed with 1 ml of Reagent B to prepare reagent C.  

 Then 200 µl of blank/standard / sample were placed in an Eppendorf tube to which 1 

ml of reagent C mixture was added. This was left to stand for 10 minutes.  
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 Then 1 µl of Folin –Ciocalteus reagent was added to each tube and left to stand for 30 

minutes.  

 The absorbance was measured at 650 nm.     

 

3.2.2 Enzymatic activity measurements: 

 

Keratinolytic activity was analyzed according to a method described by G.-T. Park and H.-

J..Son [20] 

Analysis was carried out as follows: 

Chemicals: 

0.1 M Tris-HCl buffer pH 7.0 

10 % (w/v) TCA (trichloroacetic acid) 

 

Preparation of 50 mM Tris HCl buffer: 

Tris base (121.14 g/mol)  

1 mM CaCl2 (anhydrous, granular) 

The Tris base was dissolved in deionised water (1/3 of total amount of volume) and the pH 

was adjusted with 1 M HCl. Then the CaCl2 was added during stirring and finally the water 

was added to achieve appropriate concentration. 

Keratin solution 

For activity measurements of the keratinase the substrate, keratin, was prepared from chicken 

feathers, 0.06% (w/v) keratin solution was used during the assays.  

 2 ml of crude enzyme was mixed with 3 ml of keratin solution (in 0.1 M phosphate 

buffer) and incubated for 3 h in temperature of 30 ºC.  

 Reaction was stopped by adding 1.0 ml 10 % (w/v) TCA (trichloroacetic acid).  

 The samples were then centrifuged at 1450 x g for 30 minutes at 4 ºC and then the 

absorbance was measured at 280 nm against a control. 

 The control was prepared at the same way as the samples except by lacking the keratin 

solution.  

Since the results were inconclusive, a similar method for the activity test was 

conducted, using keatin azure (Sigma Aldrich) instead as substrate.  
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Figure 9, Keratin azure from Sigma Aldrich. 

 

 

Enzymatic activity measurement according to method used by Cai et al. [23]. 

The analysis was carried out as follows: 

Chemicals: 

50 mM, Tris-HCl buffer pH 8.0 

0.4 M TCA (trichloroacetic acid) 

 

Preparation of 50 mMol Tris HCl buffer: 

Tris base (121. 14 g/mol)  

1 mM CaCl2 (anhydrous, granular) 

The tris base was dissolved in deionised water (1/3 of total amount of volume) and the pH 

was adjusted with 1 M HCl. Then the CaCl2 was added during stirring and finally the water 

was added to get the right concentration. 

 

 Keratine azure (K8500, Sigma Aldrich, USA, on Figure 10) was used as a substrate. 

The hairlike substance was put into -20 ºC freezer and then it was ground into a fine 

powder using a ballmill (Retch oscillating mill MM400).  

 5 mg of the powder was then suspended into 1 ml 50 mM Tris –HCl buffer with pH 

8.00. 
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 1 ml of keratin suspension was added to 1 ml of enzyme solution. This mixture was 

then incubated at a temperature of 50 ºC, with constant agitation (200 rpm), for 30 

min. 

 After incubation, the reaction was stopped by addition of 2 ml, 0.4 M TCA followed 

by a centrifugation at 3000 x g for 20 minutes to remove the remaining substrate. 

 The supernatant was measured with a spectrophotometer (UV-160 A Shimadzu on 

Figure 12) at 595 nm.      

 The 1 ml keratin azure suspension in the same buffer was agitated for 30 minutes at 50 

ºC, and then 2 ml of 0.4 M TCA was added, and also 1 ml of the enzyme solution was 

added. This suspension worked as a control.  

 

 

 

Figure 10, Keratin azure, K8500, from the supplier Sigma Aldrich, USA. 

 

 

Figure 11, Spectrophotometer used in the measurements. Model: UV-160 A Shimadzu. 
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3.3 Viable cell count 

 

To follow up the bacterial growth, viable cell count method was used with the strain which 

gave best results on protein content as well as keratinolytic activity. Samples taken from the 

broth was diluted and plated on nutrient agar plates. CFU (colony forming units) was then 

determined after 1-3 days of incubation at 37 °C. Bürkers counting chamber was used for 

determining the amount of cells from the hydrolysis broth to be able to prepare appropriate 

dilutions before plating on agar.  

 

Recipe for the nutrient agar used for viable cell count: 

Tryptone 5 g 

Yeast extract 2.5 g 

Dextrose 1 g 

Agar 15 g 

Diluted in distilled water up to 1 L. 

 

 

Figure 12, Microscope picture of Bacillus megaterium [24]. 

 

In order to calculate CFU/ml (colony forming units), the following formula was used: 

The number of colonies on agar plates * The dilution factor = CFU /ml  

 

4.  Results and Discussion 

4.1 Objectives and preliminary results 

The objective of this work was to optimize the growth conditions for a recombinant strain of 

Bacillus megaterium with an integration vector carrying the keratinase gene (which was 

derived from Bacillus licheniformis) to give the maximum production of keratinase when 

utilizing the substrate chicken feathers. The recombinant bacterium strains used in this study 

were developed by Jalendran and Dadvar (2011) [4]. Several strains of the recombinant 

Bacillus megaterium were constructed, each with different concentrations of erythromycin in 

the broths. The antibiotic was added in order to investigate if this could increase the copy number 

of the genes in the cells and thereby increase their keratinase activity.  
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For the preliminary tests two strains were selected; 575 x and 1025 x (there x corresponds to 0.3 

µg/ml, concentration of erythromycin used). Different growth parameters; pH (7, 8.5 and 10) 

and temperatures (30-, 35- and 45 °C) was investigated to find the optimal conditions.  

Samples collected at the end of the hydrolysis were assayed for soluble keratin and for soluble 

protein concentrations achieved under the growth. Furthermore, the keratinase activity was 

also determined.  

To summarize the preliminary data, the protein concentration vs. pH and temperature are 

presented for each of the two strains, i.e. 575 x and 1025 x on Figure 13 and Figure 14. 

For each pH and temperature, a blank sample (without inoculum) was simultaneously running 

in order to monitor the self degradation of the feathers. 

 

 

4.1.1 Pilot tests at temperatures of 30-, 35- and 40 °C 

 

Results from the protein concentration measurements 

 

The following figures show the results from the protein concentration measurements, which 

were performed by Lowry assay [21].  

 

Figure 13, Protein concentration measurement by Lowry assay conducted for strain 575 x grown at 3 

different temperatures and pH. The pH shown is the average of double samples. Data was collected at 

the end of the seven days long hydrolysis batch experiment. 
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Figure 14, Protein concentration measurement by Lowry assay conducted for strain 1025 x for 3 

different temperatures and pH. The pH shown is the average of double samples.Data was collected at 

the end of the seven days of hydrolysis batch experiment. 

What can be seen on each of the Figures 13 and 14 is that both cases show that the results for 

the protein degradation have differences based on different temperatures and pH used. In both 

figures the values are as highest at 45 °C and pH 8.5. However, strain 1025 x gave slightly 

better values at these parameters than strain 575 x. Subsequently strain 1025 x was chosen for 

optimization study.  

Results from the keratinase activity measurements 

The results from the keratinolytic activity measurements conducted during the preliminary 

experiments are presented on Figures 15 and 16. In these measurements the keratin substrate 

(KS) used was derived according to protocol by Krystyna Waawrzkiewicz, J.Lobarzewski, T. 

Wolski (1987) [25]. Absorbance measurements gave results for the amount of units of 

keratinolytic activity, U/ml that was present. According to the protocol reported by G.-T. Park 

and H.-J..Son [20], one unit was defined as the increase in absorbance by 0.01 by 

measurement at 280 nm. 
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Figure 15, Keratinase activity conducted for strain 575 x for 3 different pH and temperatures. The pH 

shown is the average of double samples. Data was collected at the end of the seven days of hydrolysis 

batch experiment.  Keratin solution was used in the keratinase activity measurement. 

 

 

Figure 16, Keratinase activity conducted for strain 1025 x for 3 different pH and temperatures. The pH 

shown is the average of double samples. Data was collected at the end of the seven days of hydrolysis 

batch experiment. Keratin solution was used in the keratinase activity measurement. 

 

The results from the enzymatic activity measurements, presented on Figures 15 and 16, show 

almost the same trend as for the protein concentration measurements, where the strain 1025 x 

has the somewhat higher average activity at temperature of 45 °C and pH of 8.5. However the 

highest measured activity was obtained by one of the samples in strain 1025 x at pH 10, but 

the corresponding double sample had much lower value also. The parameters chosen for 

optimization study are based from viewing the average values from the preliminary tests.  
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For some samples there are high distributions between the double samples. This could be 

important to note for future studies.  

 

4.2 Optimization study 

 

For the following experiments parameters were chosen as temperature of 45 °C, pH of 8.5 and 

strain of 1025 x, according to the results obtained from the preliminary experiments.  

However comparing with earlier studies, derived by Jalendran and Dadvar (2011) [4], the 

resulting data from the preliminary experiments showed lower keratinolytic activity than 

expected. The feather content was set to 2 % (w/v) as it was described by Jalendran and 

Dadvar (2011). 

Too high feather content may entrap the enzymes at the site, not allowing enzymes to be 

soluble in the broth subsequently the feather content was reduced from 2 % w/v (20 g /L) into 

0.2 % w/v (2 g /L) for this deeper study. 

Data was collected each day during the 7 day long hydrolysis experiment and the protein 

content as well as the keratinase activity from the broth was determined. The cell growth was 

followed up by viable cell count assays. The results of protein content can be seen in  

Figure 17.  

 

Figure 17:  Protein concentration determined in samples taken each day during a week of feather 

hydrolysis using strain 1025 x. The incubation parameters for the growth were; temperature 45 °C, pH 

8.5 and feather concentration 0.2 % w/v.   

The results obtained from the enzymatic measurements for monitoring the keratianse activity 

on feather substrate can be seen in Table 2. Samples were spectrophotometrically measured to 

find the concentrations of soluble keratinase. However, when comparing these values with the 

data collected from the preliminary experiments, there are some major differences. These can 

be a result of the fact that for performing the experimental methods for enzymatic activity, 

there was a change in the origin of the keratin substrate. For this optimization experiment 
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keratin azure (Sigma Aldrich, K8500) was used and in the preliminary experiments, keratin 

substrate was extracted from chicken feathers according to a method described by 

Wawrzkiewicz J.Lobarzewski, T. Wolski (1987) [25]. 

 

 

Enzymatic activity , T=45 °C 

Days U/ml 

1 0 

2 0.9 

3 0.22 

4 0.02 

5 0 

6 0 

7 0.15 

Zerosample: 0 

 

Table 2, For the 7 day hydrolysis of the batch with the following parameters; temperature at 45 °C and 

0.2 % (w/v) substrate loading. Keratin azure was used for these enzymatic measurements.  

 

 

 
 

Figure 18: Reactor vessels for hydrolysis after one week. 
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Figure 19, Zero-sample compared with on strain 1025 x at pH 8.5 and temperature of 45 °C after 7 day 

hydrolysis.  

 

In Figure 18, the digestion broth at the end of the hydrolysis experiment can be viewed. It can 

be seen in Figure 19 that compared to the zero-sample there was barely any difference from 

the hydrolysate at the end of the 7 day hydrolysis test. 

When the keratinase is active, it will be attached onto the feathers, hence leading to the loss of 

soluble keratin in the broth.  The amount of feathers is one other factor that may have 

contributed to the low activities of enzymes. Too high feather content in the broth may have 

resulted in even more keratinase to get attached on the feathers rather than being dissolved in 

the broth, acting as inhibition for the hydrolysis. According to the study by G.T. Park (2009) 

the recombinant Bacillus megaterium used was showing highest activity for keratinase at 1.6 

% w/v feather content and lower activity at 2 % w/v [20].  

The feather content was thus lowered in this study as well and this time to 0.2 % w/v instead. 

Unfortunately there was no sign of increased activity. 

One reason for the low digestion could be due to either the strain is not the same as the 

mother strain, or that there was not enough copies of the gene, this was not yet concluded for 

the strain used. 

 

4.2.1 Results on growth 

 

Here follows the results from the aerobic plate count. The growth of the bacteria under 

incubated conditions by 37 °C was performed using agar plating. In this way the total amount 

of living bacteria is evaluated. Dilutions from 10
-1

-10
-10

 were prepared. Samples from the 

batch 45° C hydrolysis with pH 8 was used for the everyday sampling during one week. 
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Figure 20, Growth after 7 days with dilution of upper picture 10
-2

 and lower 10
-1

. 

 

The plating of the hydrolysis batch with temperature of 45 °C, pH 8.5 and strain 1025 x, gave 

the following results, presented in Figure 20. Here it can be seen that CFU /ml was really 

highest in the end of the 7 day period.  

 

 

Figure 21, CFU/ml of Bacillus megaterium grown on areobic nutrient agar plates 
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When it comes to the growth analysis, it could be seen that according to CFU/ml the growth 

was slow in the beginning which suggests that it took some time for the bacteria to settle in 

the new surroundings. This is also an indicator to the growth in batches, due to new 

surroundings after the overnight inoculum in LB media, the bacteria was added to the 

phosphate broth with feathers as only carbon source. The LB media should also have been 

added to the broth as a starter 

 

4.3 Additional test at temperature of 20 °C 

 

Growth parameter for testing yet another temperature was added to this study. The reason for 

testing at 20 °C was that according to a study by G.T. Park (2009) the recombinant Bacillus 

megaterium used was showing optimum growth between temperatures of 25 °C and 40 °C. In 

this study it was interesting to see if the recombinant strain used would follow the same trend 

as for the compared strain [20].  

If a low temperature is usable for the hydrolysis experiment it would be beneficial 

economically wise for reduction in temperature costs.  The results from this lower temperate 

hydrolysis batch gave the following results, see Figure 22. Also, here it is evident that pH 8.5 

seems to have the optimal condition for the bacterial strain 1025 x. Too alkaline condition 

seems unfavorable for its expression. 

 

 

Figure 22, Average values of protein concentration for strain 1025 x presented after a week of 

hydrolysis at 20 °C, with feather concentration of 2 % w/v and 2 replicas of each pH.  

It could be that a higher temperature might be required for optimum keratinase activity. As it 

is stated in the report by S. Desai et al., the optimal temperature is around 50 ºC whilst in this 

study the highest tested was 45 ºC [26].  
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5. Conclusion 

 It can be concluded that the optimal parameters pH and temperature showed an affinity for 

optimal keratinase expression at highest temperature tested (45 °C) and at a pH of 8.5. The 

strain that was giving slightly higher activity and higher protein content was strain 1025 x 

compared to strain 525 x.  The substrate loading was the set to concentration 0.2 % w/v, 

which was believed to be the preferred amount compared to the initial feather content loading 

of 2 % w/v.  

It can also be concluded that the growth indicated on a lag phase of several days. This in 

return means that full enzymatic activity could not be achieved within the 7 days of 

incubation period investigated. The reason for that is most likely that some fresh LB medium 

should have been added to the broth from the start of the hydrolysis. 

Even though the strain is show in slow enzyme activity from keratinase enzymatic tests, the 

strain seems to however survive in antibiotic media and nourish on the feathers (even though 

to a small extant).  

 

6. Future work 

 What might be of interest for the future work is to first and foremost is to reassert stable 

inheritance from chromosomal integration, i.e. make sure of amount of gene copies, and then 

to try out different number of copies of the gene to assure the highest yield of keratinolytic 

activity. 

QPCR (quantitative real time polymerase chain reaction) may propose possibility to stabilize 

the inheritance of the gene of interest. The instrument is capable of both detection and 

amplification.    

According to Jeng-Jie Wang the amount of gene copies may steer the processing and 

secretion of the extracellular keratinase on such a way that 3-5 copies enhances the events and 

too many, i.e.  >5 copies will reduce this event [27]. 

The investigation of future work in this case would be to create a more stable strain of 

Bacillus megaterium, where an even larger piece of gene is incorporated to the chromosome 

 

Prior successful biogas production, conducting the degradation abilities in a pH controlled 

fermentor using the different growth factors should be followed. Here one can use the 

information on parameters regulating the optimal secretion of keratinase for further studies.  

Furthermore, it would be preferable to conduct the tests with the same method for all different 

parameters as to the enzymatic assays, using only keratin azure for instance. 
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Appendix 1 

Protein content measurements: 

Protein assay Lowry assay presented in tables Z where substrate used was keratin suspension 

according to Wawrzkiewicz J.Lobarzewski, T. Wolski [25]. 

Lowry assay Samples 
Week 1, Temp. 35 °C, Absorbance at 
 650 nm 

pH Strain 575x Strain 1025x 

7(1.1) 0.05 0.053 

7(1.2) 0.05 0.048 

7(2.1) 0.035 0.045 

7(2.2) 0.048 0.052 

8.5(1.1) 0.069 0.087 

8.5(1.2) 0.06 0.048 

8.5(2.1) 0.055 0.06 

8.5(2.2) 0.052 0.101 

10(1.1) 0.028 0.07 

10(1.2) 0.031 0.104 

10(2.1) 0.07 0.07 

10(2.2) 0.069 0.106 

Table 3, Protein concentration measurements for the first week of hydrolysis at temperature 35 °C, 

using two double-samples for each pH. 

Lowry assay Samples Week 2, 30 °C   

pH Abs 650 nm, 575x Abs 650 nm, 1025x 

7(1.1) 0.082; 0.052; 0.065;0.046 0.051; 0.054 

7(1.2) 
  

7(2.1) 
0.045; 0.051; 0.044; 

0.058 0.050; 0.051 

7.22 
  

8.5 (1.1) 
0.047; 0.061; 0.055; 

0.078 0.022; 0.039 

8.5(1.2) 
  

8.5(2.1) 
0.047; 0.062; 0.063; 

0.029 0.044 

8.5(2.2) 
  

10(1.1) 
0.030; 0.035; 0.041; 

0.039 0.034; 0.041; 0.041 

10(1.2) 
  10(2.1) 0.001; 0.03; 0.047; 0.016 0.053; 0.051; 0.052 

10(2.2) 
   

Table 4, Protein concentration measurements for the  second week of hydrolysis.at temperature 30 °C, 

using two double-samples for each pH. 
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Lowry assay Samples Week 3, 45 °C   

pH Abs 650 nm, 575x Abs 650 nm, 1025x 

7(1.1) 0.105; 0.102; 0.089 0.058; 0.092 

7(1.2) 0.077; 0.084 0.058; 0.05 

7(2.1) 0.084; 0.077 0.073; 0.07 

7(2.2) 0.092; 0.087 0.100; 0.113 

8.5(1.1) 0.085; 0.083 0.086; 0.082 

8.5(1.2) 0.093; 0.107 0.086; 0.079 

8.5(2.1) 0.048; 0.068 0.087; 0.091 

8.5(2.2) 0.081; 0.077 0.122; 0.097 

10(1.1) 0.085; 0.088 0.097; 0.106 

10(1.2) 0.092; 0.077 0.073; 0.074 

10(2.1) 0.068; 0.082 0.084; 0.093 

10(2.2) 0.073 ; 0.070 0.053; 0.057 

 

Table 5, Protein concentration measurements for the third week of hydrolysis at temperature 45 °C, 

using two double-samples for each pH. 

 

 

 

Figure 23. BSA standard curve for the protein concentration week 1-3. 
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Concentration of soluble protein calculated from BSA 
standard curve protein (mg/ml) 

day 1 2.717 

day 2 2.293 

day 3 2.842 

day 4 2.741 

day 5 3 

day 6 2.39 

day 7 2.659 

   

Table 6: Protein concentration presented each day of a week of hydrolysis at temperature 45 °C, pH 8, 

feather concentration 0.2 %. 

 

 

Figure 24. BSA standard curve for week 4 and week 5. Used for calculating the protein concentration.  

 

pH Absorbance 650 nm 
Concentration 

(mg/ml) 

pH 7 (1) 0.318 2.135 

pH 7 (2) 0.403 2.39 

pH 8.5 (1) 0.399 2.38 

pH 8.5 (2) 0.393 2.36 

pH 10 (1) 0.387 1.239 

pH 10 (2) 0.387 1.239 

 

Table 7:  Protein concentration measurement for fifth week of hydrolysis, 20 °C, strain 1025 x.
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Results from keratinolytic activity measurements: 

 

Keratinase activity. Samples: 
 

Absorbance at 280 
nm U/ml 

Week 1: 35 °C 
 

575x pH 7(1) 0.102 10,2 

575x pH 7(2) 0.171 17.1 

575x pH 8.5(1) 0.2 20 

575x pH 8.5(2) 0.144 14.4 

575x pH 10(1) 0.21 21 

575x pH 10(2) 0.215 21.5 

   

   1025x pH 7(1) 0.243 24.3 

1025x pH 7(2) 0.193 19.3 

1025x pH 8.5(1) 0.167 16.7 

1025x pH 8.5(2) 0.167 16.7 

1025x pH 10(1) 0.184 18.4 

1025x pH 10(2) 0.186 18.6 

 

Table 8, Activity measurements for the first week of hydrolysis at temperature 35 °C. 

 

 

Keratinase activity. Samples: Absorbance at 280 nm 
U/ml 

Week 2: (30°C)   

575x pH 7(1) 0.161 16.1 

575x pH 7(2) 0.178 17.8 

575x pH 8.5(1) 0.215 21.5 

575x pH 8.5(2) 0.127 12.7 

575x pH 10(1) 0.142 14.2 

575x pH 10(2) 0.122 12.2 

   

   1025x pH 7(1) 0.151 15.1 

1025x pH 7(2) 0.185 18.5 

1025x pH 8.5(1) 0.15 15 

1025x pH 8.5(2) 0.238 23.8 

1025x pH 10(1) 0.171 17.1 

1025x pH 10(2) 0.227 22.7 

 

Table 9, Activity measurements for the second week of hydrolysis at temperature 30 °C. 
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Keratinase activity. Samples: Absorbance at 280 nm 
U/ml 

Week 3: (45°C)   

575x pH 7(1) 0.242 24.2 

575x pH 7(2) 0.218 21.8 

575x pH 8.5(1) 0.281 28.1 

575x pH 8.5(2) 0.226 22.6 

575x pH 10(1) 0.258 25.8 

575x pH 10(2) 0.167 16.7 

   

   1025x pH 7(1) 0.211 21.1 

1025x pH 7(2) 0.214 21.4 

1025x pH 8.5(1) 0.226 22.6 

1025x pH 8.5(2) 0.264 26.4 

1025x pH 10(1) 0.284 28.4 

1025x pH 10(2) 0.204 20.4 

 

Table 10, Activity measurements for the third week of hydrolysis at temperature 45 °C. 
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Appendix 2 

 

Plating of the Bacillus megaterium strain 1025 x from a week of hydrolysis with parameters 

of temperature 45 °C and pH 8.5. 

  Amount of colonies on the dilution factor 10-1  

Day First replica Second replica 

1 0 0 

2 62 56 

3 34 16 

4 21 16 

5 17 7 

6 110 108 

7 300 300 
 

Table 11, Presented are the counted colonies that appeared through different dilutions.  
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Appendix 3 

Protocol for preparation of keratin solution  

The feather keratin solution was prepared according to Wawrzkiewicz J.Lobarzewski, T. 

Wolski (1987) [25] where the soluble keratin was prepared from 10 g white chicken feathers. 

This was heated in 500 ml of DMSO (dimethyl sulfoxide) in a reflux condenser at 100 ºC for 

2 h.  The solution contains of app. 1-2 % of protein. The solubilized keratin was precipitated 

with acetone that had a temperature of app. -80 ºC. 2 volumes of acetone were used to 1 

volume of keratin/DMSO-solution.  

The mixture was left in the refrigerator for 2 h for further precipitation. Then the mixture was 

centrifuged 10000 rpm for 10 min. The pellet/sedimentation was washed with 4 volumes of 

water per 1 volume of precipitate and then left to dry.  

The precipitate was then suspended in 0.1 M phosphate buffer with pH 7 to gain a suspension 

of 0.06 (w/v) of keratin content [25]. 

          

Figure 25 and 26; Reflux condenser shown on the left and the keratin precipitation to the right. 

 

 

 

 


