
International Journal of Biotechnology and Biochemistry 

ISSN 0973-2691 Volume 13, Number 1 (2017) pp. 95-110 

© Research India Publications 

http://www.ripublication.com 

 

 

Partial characterization of keratinase from 

Stenotrophomonas maltophilia K279a and study of its 

dehairing potential 
 

Malay Shah1* and Rajnish Vaidya2 

1 Department of Microbiology, Vivekanand Education Society’s College of Arts,  
Science & Commerce, Chembur, Mumbai, Maharashtra- 400071, India.  

 
2 Department of Microbiology, The Institute of Science, Colaba, Mumbai,  

Maharashtra- 400032, India. 
                                                              *Corresponding author

 

 

Abstract 

In our present study keratinase from Stenotrophomonas maltophilia K279a 

was partially purified and characterized for certain parameters. The organism 

produced significant amount of extracellular keratinase having molecular mass 

between 30 to 40 K Da. Optimal enzyme activity was observed at pH 8.0 and 

37 ºC. The enzyme was completely inhibited by phenylmethanesulfonyl 

fluoride (PMSF) indicating that it belongs to the serine protease family. The 

catalytic activity of enzyme increased to 138 % in presence of Ca2+. Mg2+ and 

Mn2+ did not have any significant effect on enzyme activity. Heavy metal ions 

such as Cu2+ and Hg2+ inhibited enzyme activity by more than 80 %. In the 

presence of 0.5 % SDS and 0.5 % Triton X 100, the enzyme retained 75 % and 

80 % of its activity respectively. The enzyme was slightly inhibited by the 

reducing agents β-mercaptoethanol and Dithiothreitol. The keratinase 

preparation caused easy epilation of goat skin with the recovery of intact hair. 

Thus, keratinase from Stenotrophomonas maltophilia K279a seems to have 

promising role in leather processing. This can be considered as a good 

alternative; not only to reduce pollution problems, but also reduce time and 

energy utilized in conventional processing.  

Keywords: Stenotrophomonas maltophilia K279a, keratinase, leather 

processing. 
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INTRODUCTION: 

Protease refers to a group of enzymes whose catalytic function is to break the peptide 

bond that joins amino acids together in proteins. Keratinase is a particular class of 

extracellular proteolytic inducible enzyme capable of degrading “Keratin”. Keratins 

are insoluble and hard-to-degrade animal proteins that  are ubiquitously present 

throughout the animal bodies for e.g. claws and scales of reptiles and the hooves, 

horns, hide hair, nails of mammals, feathers in case of birds, etc [1]. Keratins are 

made up of long chains of various amino acids; the two major types of keratin are 

alpha-keratin (e.g. α-helix of hair and wool) and beta-keratin (e.g. β-sheets of feather) 

[2]. Commonly known proteolytic enzymes like trypsin, pepsin and papain are unable 

to breakdown keratins due to their intensive cross-linkages. 

Keratinase are produced by diverse groups of microorganisms like fungi, 

actinomycetes and several bacterial species [1, 3]. Keratinases have a variety of 

applications, mainly in waste management, leather processing industries, detergent 

industry, etc. Insoluble feather keratin from poultry industry may be converted by 

enzymatic hydrolysis to glues, feedstuffs, fertilizers, and films or used for the 

production of rare amino acids like serine, cysteine and proline [4, 5]. 

Keratinases are considered to have a promising role in the development of 

environmentally friendly leather processing technology. The tannery operation 

involves converting the raw skin, a highly putrescible material, into leather, a stable 

material, which can be used in the manufacture of a wide range of products. The 

conventional method of dehairing involves the use of lime and sodium sulphide. 

Presence of these chemicals in tannery waste is responsible for tremendous pollution, 

causing health hazards to the tannery workers. Lime produces a poisonous sludge 

while sodium sulphide is highly toxic and has obnoxious odor. Although enzyme 

assisted dehairing process reduces the pollution load to some extent, a technology 

based on enzyme alone, without the use of sulphide and other chemical inputs, has yet 

to be explored [6].  

In view of the recent trend of developing environmental friendly technologies, the 

present study was undertaken to partially purify and characterize keratinase from 

Stenotrophomonas maltophilia K279a and check for its dehairing potential. 

 

MATERIAL AND METHODS: 

Organism and growth media: Stenotrophomonas maltophilia K279a was originally 

isolated in our laboratory from feather waste dumping site in Mumbai, India. The 

organism was grown in Feather basal medium (FBM) having following composition 

in gms/L: NaCl, 0.5; K2HPO4, 0.3; KH2PO4, 0.4; Na2SO3, 0.5 and Feathers (cut into 1 

- 2 cm), 10; pH 7.5; D/W, 1000 ml.  
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Keratinase assay:  

Keratinase activity was determined by the method of Sigma Aldrich method with 

minor modification [7]. In this, the cell free supernatant (1 ml) was added to a tube 

containing 20 mg of Keratin Azure K 8500 (Sigma Aldrich chemicals) suspended in 4 

ml of 50 mM Sodium Phosphate Buffer pH 7.5.  The mixture was incubated at 37 ºC 

for 1 hour on shaker.  The reaction mixture was centrifuged and absorbance of 

released azure dye was measured at 595 nm. Inactivated enzyme reaction mixture was 

used as a blank.  A standard graph was generated using Proteinase K (Sigma Aldrich 

chemicals) solution of 25 - 100 U ml-1 enzyme activity. One Unit of keratinase 

activity is defined as the amount of enzyme that led to an increase of 0.01 unit 

absorbance at 595 nm in one hour. 

 

Lab scale production and partial purification: 

The saline suspension of the isolate (absorbance adjusted to 0.1 at 540 nm) was 

inoculated into sterile FBM and incubated for 6 days in shaker incubator (90 rpm) at 

32 ºC. After 6 days the culture broth was filtered.  All enzyme purification procedures 

were carried out at 4 ºC. 2000 ml filtered broth was chilled from which enzyme was 

precipitated by the gradual addition of solid ammonium sulphate (70 % saturation) 

with gentle stirring. The cloudy solution was kept at 4 ºC overnight. The precipitate 

was collected by centrifugation at 7000 g for 30 minutes. Pellet obtained was 

dissolved in 50 ml of 100 mM Tris HCl buffer pH 8 and transferred into dialysis 

membrane - 110 (Himedia) and dialyzed using same buffer for 24 hours. The 

concentrated enzyme solution was diluted to 200 ml after dialysis and used in 

subsequent experiments. 

 

Protein assay:  

The protein content in the crude cell free and partially purified enzyme preparation 

was estimated by Lowry method using bovine serum albumin as standard protein [8]. 

 

Effect of pH and temperature on enzyme activity and stability: 

The pH optimum of the partially purified keratinase was determined using Keratin 

Azure k-8500 as substrate suspended in 100 mM of different buffers (sodium acetate, 

pH 5 – 6; sodium phosphate, pH 7 – 8 and Tris HCl, pH 9 – 10) and at constant 

temperature of 37 ºC.  In order to determine the pH stability, partially purified enzyme 

was pre-incubated with buffers of different pH for two hour followed by 

determination of keratinase activity as described previously.  Likewise, temperature 

optimum was determined by incubating the substrate-enzyme reaction mixture from 8 
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ºC to 55 ºC at constant pH 7.5, followed by determination of keratinase activity. To 

check for the temperature stability, the partially purified enzyme was pre-incubated at 

different temperatures for two hour followed by measurement of keratinase activity as 

described earlier. All the experiments were conducted in three sets and data presented 

as mean value ± SD.  

 

Effect of different metal ions, chelators, proteinase inhibitors, detergents, organic 

solvent and reducing agents: 

To study the inhibition of keratinase, the enzyme was pre incubated with metal ions 

such as Ca2+, Cu2+, Fe2+, Hg2+, Mg2+, Mn2+ and Zn2+ (5 mM); Ethylenediamine 

tetraaceticacid (5 mM); Phenylmethylsulphonyl fluoride (5 mM);  detergent such as 

Sodium dodecyl sulphate, and Triton X 100 (0.1 and 0.5 %); reducing agent such as 

Dithiothreitol and β-mercaptoethanol (0.1 and 0.5 %) and  Dimethyl sulfoxide (0.1 

and 0.5 %) for one hour at 37 ºC. Subsequently the enzyme assay was performed as 

described above. The residual activity was calculated with reference to the activity of 

the enzyme without these chemicals, which was taken as 100 % and expressed as 

percentage residual activity. All the experiments were conducted in three sets and data 

presented as mean value ± SD.  

 

Zymogram analysis:  

SDS – PAGE was performed with 10 % polyacrylamide gel containing 0.1 % casein. 

Enzyme mixture was mixed with sample buffer and loaded into the well without 

denaturation. The molecular weight of keratinase was determined by comparing with 

mobility of standard molecular weight protein markers (Bio-rad). After 

electrophoresis the gel slab was incubated at 37 ºC for 2 hours. The gel was stained 

with Coomassie Brillant Blue R-250 and then destained. Protease bands appeared as 

clear zones on a blue background. 

 

Dehairing Application: 

Goat skin was procured from a local slaughter shop. It was cut into 5 cm2 pieces and 

transferred to three petri plates. 20 ml of keratinase enzyme preparation was added to 

the skin pieces in a petri plate.  In second petri plate 20 ml distilled water was added 

as control. In the third petri plate, traditional tannery dehairing solution consisting of 

8 % lime and 3 % sodium sulfide solution was added. All the petri plates were 

incubated at room temperature for 24 hours. At the end of the process, the skin pieces 

were gently scraped to remove loose hairs. The skin pieces were then visually 

analyzed [9, 10]. 
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RESULT AND DISCUSSION: 

Bacillus and Stenotrophomonas are considered to be the dominant keratinase 

producing taxa. These organisms have been frequently isolated from poultry and 

feather waste dumping sites. Their presence in such environments indicates their role 

in degradation and removal of feather wastes from the environment [11].  

In-vitro studies on feather degradation have shown that the organism 

Stenotrophomonas maltophilia K279a has remarkable feather degrading potential 

(Figure 1).   In the present study, keratinolytic protease from Stenotrophomonas 
maltophilia K279a was partially characterized. Keratinolytic proteases may have 

diverse properties depending on the producer microorganism [12]. Studying these 

enzymes and understanding their biochemical properties gives a useful insight which 

in turn can be exploited for diverse industrial application.  

 

 

Figure 1: Degradation of feather by Stenotrophomonas maltophilia K279a in 

submerged condition at 32 °C after 6 days of incubation. 

 

Production and Partial Purification of keratinase: 

Keratinase are inducible enzymes produced by the microorganism in response to the 

presence of keratinolytic substrates. Thus, feather basal broth media was employed 

for laboratory scale production of keratinase. The media contained feather as a sole 

source of carbon, nitrogen and energy. Partial purification of enzyme from cell free 

supernatant was carried out using ammonium sulphate precipitation (70 % saturation), 

followed by dialysis. Specific activity of the crude and partially purified enzyme is 

summarized in Table 1. 

 

Test 

 

 

Control 
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Table 1: Purification of keratinase enzyme from Stenotrophomonas maltophilia 

Purification 

Step 

Volume (ml) Total 

Protein 

(mg) 

Total   

activity U 

Specific 

activity 

U/mg 

Purificatio

n fold 

Yield 

(%) 

Crude cell free 

supernatant 

2000 1280.8 86080.00 67.20 1 100 

Ammonium 

sulphate 

200 52.86 7356.66 139.17 2.1 85.5 

 

 

Figure 2: Standard graph for proteinase keratinase activity in U/ml-1 using Keratin 

Azure k 8500 as a substrate. 

 

Effect of pH and Temperature: 

The keratinase from Stenotrophomonas maltophilia was active in pH range of 6.0 to 

10.0, with optimum activity at pH 8.0. Further, the enzyme was stable over a broad 

range of pH for two hours and retained 95 % of its activity at all pH except pH 6.0 

and pH 5.0 where it retained around 70 % and 45 % of its activity respectively (Figure 

3). Keratinase are generally active and stable over a wide range of pH from 5.0 to 

13.0 and have pH optima in neutral to alkaline range [13]. Microbacterium kr10 

0

0.14

0.27

0.35

0.49

0 20 40 60 80 100 120

0

0.1

0.2

0.3

0.4

0.5

0.6

Proteinase K Activity (Units/ml)

M
ea

n
 A

b
so

rb
a
n

ce
 a

t 
5
9
5
 n

m



Partial characterization of keratinase from Steno-trophomonas maltophilia K279a…. 101 

keratinase has an optimum activity at pH 7.0, B. pumilus FH9 at pH 8.0, 

Fervidobacterium islandicum AW-1 at pH 9.0 [14].  

The enzyme was active in the temperature range of 27 - 55 °C with optimum activity 

at 37 °C. After two hours of incubation at 45 °C and 55 °C, the enzyme retained 75 % 

and 40 % of its activity respectively (Figure 4). Stenotrophomonas maltophilia DHHJ 

keratinase was active and stable from pH 5.0 to 9.0, and had an optimum activity at 

the pH of 7.8 [15]. The optimum temperature for this keratinase was observed as  

40 °C.  Majority of the keratinase have activity in range of 30 to 80 °C. Enzyme from 

F. pennavorans has optimum activity at 80 °C. Temperature optima of keratinase may 

also be variable depending on the source and origin of the isolate [12]. 

 

Figure 3: Effect of pH on enzyme activity. Series 1 indicates effect of pH and series 2 

indicates pH stability 

 

Figure 4: Effect of temperature on enzyme activity. Series 1 indicates effect of  

temperature and series 2 indicates temperature stability 
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Biochemical characterization: 

The effect of different metal ions, chelators, proteinase inhibitors, detergents, organic 

solvent and reducing agents on partially purified enzyme is represented in Table 2. 

The keratinase activity was inhibited by PMSF, indicating that it is a serine protease. 

Similar inhibitory response to serine group specific inhibitor PMSF was seen in 

Microsporum canis and D. Microspores [16]. The enzyme retained 60 % activity in 

presence of 5 mM EDTA. Several reports have shown serine proteases to be slightly 

affected by metalloprotease inhibitors. However, its substrate specificity and amino 

acid sequence will be evaluated to confirm this conclusion [17]. 

Keratinase activity was activated by Ca2+, while Mg2+and Mn2+ did not have any 

significant effect of its activity. Majority of the keratinases are stimulated in the 

presence of divalent metal ions like Ca2+, Mg2+ and Mn2+ [18]. Calcium ions are 

known to be stabilizers of many enzymes, protecting them from conformational 

changes [19]. Stenotrophomonas maltophilia keratinase was inhibited by heavy metal 

ions such as Cu2+ and Hg2+. Hg2+ is recognized as an oxidant agent of thiol groups, 

and the enzyme inhibition by this ion could suggest the presence of important -SH 

groups (such as free cysteine) at or near the active site [20, 21]. However, Hg2+ might 

also react with tryptophan residues and carboxyl groups in amino acids of the enzyme 

[22]. On contrary to the previous reports, the keratinase enzyme from this isolate 

retained 85 % activity in the presence of Zn2+ ions. The inhibitory effect of Zn2+ is 

reported in some metalloproteases, resulting from bridges formed between zinc 

monohydroxide (ZnOH+) and catalytic zinc ions at the active [23]. Activation by Ca2+ 

and inhibition by Zn2+ is also a feature of keratinase of Vibrio kr2 [24].  

Presence of 0.1 % SDS did not affect the activity of enzyme. However, 0.5 % SDS 

reduced the enzyme activity by 25 %. The enzyme retained around 80 % of activity in 

presence of Triton X 100, a non-ionic detergent. SDS is reported to inhibit some 

microbial keratinases [23, 25]. Bacillus sp. P7 keratinase retained 63 % and 83 % 

activity in presence of 0.5 % SDS and Triton X 100 [6]. Keratinase having significant 

activity in presence of detergents is considered to be an important property when they 

have to be used as additive in detergent formulation [13]. 

In presence of 0.5 % Dithiothreitol more than 90 % activity was retained, whereas in 

presence of 0.5 % β-mercaptoethanol around 85 % activity was retained, indicating 

that reducing agent has minimal effect on enzyme activity. Bacillus sp. P7 keratinase 

was only slightly inhibited by the reducing agent β-mercaptoethanol. The relative 

resistance of the enzyme to β-mercaptoethanol is interesting for industrial purposes, 

since the tight structure of keratin can be weakened through the disruption of disulfide 

bonds by reducing agents without significant loss of enzyme activity [22].  

The keratinase showed good stability in presence of DMSO and retained more than 

100 % activity. Keratinases are generally stable in the presence of organic solvents 
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[13]. Keratinase from Streptomyces pactum DSM 40530 showed slight increase in 

activity in presence of DMSO [26]. Serratia sp. HPC 1383 had shown similar 

increased activity in presence of DMSO [27]. 

Table 2: Effect of various chemicals on keratinase activity of Stenotrophomonas 
maltophilia 

Chemicals Concentration % Residual activity 

  
 

  

Control - 99.99 ± 1.59 

Ca2+ 

5 mM 

138.07 ± 2.76 

Cu2+ 19.82 ± 2.62 

Fe2+ 77.95 ± 3.13 

Hg2+ 1.93 ± 0.58 

Mg2+ 95.98 ± 2.09 

Mn2+ 91.98 ± 2.17 

Zn2+ 85.96 ± 2.62 

EDTA 59.91 ± 2.76 

PMSF 5.87 ± 1.03 

SDS 
0.10% 97.99 ± 1.59 

0.50% 73.94 ± 2.17 

Triton X 100 
0.10% 83.96 ± 1.04  

0.50% 81.95 ± 3.19 

DMSO 
0.10% 102.00 ± 2.76 

0.50% 97.98 ± 2.62 

DTT 
0.10% 97.98 ± 2.17 

0.50% 93.98 ± 1.59 

β-mercaptoethanol 
0.10% 91.97 ± 1.59 

0.50% 85.97 ± 1.59 
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Data represents mean value and standard deviation (n = 3). The 100 % activity 

corresponds to 34.7 U ml-1 

Abbreviation: EDTA - Ethylenediamine tetraaceticacid, PMSF – 

Phenylmethylsulphonyl fluoride, SDS – Sodium dodecyl sulphate, DTT – 

Dithiothreitol, DMSO – Dimethyl sulfoxide. 

 

Zymogram studies: 

Single major protease band appeared as a clear zone in blue background of the 

unhydrolysed casein that retained the coomassie blue stain (Figure 5).  These results 

indicate that Stenotrophomonas maltophilia K279a, produces large quantities of 

extracellular protease. The apparent molecular mass of the major band was between 

30 to 40 kDa, which correlates with most of the reported serine proteases whose mass 

ranges from 18 to 35 kDa [10]. Stenotrophomonas maltophilia DHHJ keratinase 

seemed to be a monomer, and molecular mass was estimated as 35.2 kDa [15].  

 

 

Figure 5: Zymogram of keratinase from Stenotrophomonas maltophilia (test) along 

with molecular mass marker proteins. 

 

Dehairing of goat skin: 

Complete dehairing with clean white pelt was achieved after 24 hours of treatment 

with partially purified keratinase (34.7 U ml-1) from Stenotrophomonas maltophilia 
K279a. No dehairing was observed in the specimen treated with D/W only. 

Traditional chemical process of hide dehairing using lime and sulphide resulted in 

complete dehairing (Figure 6). Alkaline protease from Aspergillus tamarri, dehaired 

the goat skin at pH 9–11, temperature 30–37 °C with 1% enzyme concentration and 

incubation period of 18–24 hour [28]. Similarly, an enzyme isolated from Bacillus sp. 

was used for dehairing of goat skin with 2 –3% concentration and was active in pH 
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7.5 and 9.0 at 37 °C [29]. In general, the dehairing process required activity of 

enzyme under alkaline condition; this criterion was satisfied by protease from B. 
cereus MCM-B326 and thus suitable for dehairing [6, 23]. The keratinase enzyme 

obtained from Stenotrophomonas maltophilia K279a was effective in dehairing of 

goat skins. Keratinase possessing offers an effective bio-treatment of leather, 

especially dehairing and bating of skins and hides. This process is pleasant and safer 

than traditional methods using sodium sulphite treatment, which contributes to 100 % 

of sulphite and over 80 % of the suspended solids in tannery effluents [30]. Enzymatic 

dehairing process has been gaining importance as an alternative chemical 

methodology in present day scenario as this process is significant in the reduction of 

toxicity. 

 

   

Figure 6: Goat skin dehairing using keratinase preparation from Stenotrophomonas 
maltophilia K279a. A: Control: with D/W treatment, B: Chemical treatment and  

C: keratinase enzyme treatment only. 

 

CONCLUSION 

Keratinolytic protease from Stenotrophomonas maltophilia K279a was partially 

purified. A single large band having molecular mass between 30 and 40 K Da was 

obtained on zymogram gel. The enzyme had an optimum activity at pH 8.0 and 37 °C. 

The enzyme was inhibited by PMSF, indicating that it belonged to serine protease. Its 

activity increased in presence of Ca2+. The enzyme activity was inhibited by heavy 

metal Hg2+ and Cu2+. Presence of Mn2+, Mg2+ and Zn2+ did not have any significant 

effect on enzyme activity. The enzyme retained most of its activity in presence of 

detergents, reducing agents and DMSO. The enzyme was effective in dehairing goat 

skin. These results indicate that the enzyme may have a promising role in leather 

processing. 

 

A B C 
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