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Abstract

Keratinase enzymes produced by two improved strains, Bacillus
subtilis (MBF20) and Bacillus cereus (MBF45) were characterized to
evaluate the application potential of the produced enzyme. Study of
the physico-chemical characters of the enzyme showed that the
isolated keratinase enzymes belonging to serine protease group were
significantly stable at refrigerated conditions retaining >90% activity
till one month while the activity reduced to 50% after two months.
Further, the enzyme was active up to 48 hours at room temperature
indicating that the enzyme had significantly higher stability than most
of the reported keratinase enzymes. The enzyme was also themo-
tolerant exhibiting optimum activity at 55°C though its activity range
was between 28°C - 55°C. With optimum activity at alkaline pH of
8.5 and only marginal inhibition in presence of surfactants, organic
solvents and considerable enhancement of activity in presence of
reducing agents, the scope and versatility of the application potential
of the isolated keratinase enzymes is significantly high.
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Introduction

Feather, though very rich in protein, has not been considered as
serious source of dietary supplement traditionally. This is
because of its poor digestibility and low nutritive value (Eggum,
1970; Zang et al., 2014). In recent years with the isolation of
keratinase producing microorganisms, a lot of interest is
generated to use Kkeratinase treated feather as animal feed
supplement / organic manure (Brandelli et al., 2010; Tiwari and
Gupta, 2012). In spite of several organisms degrading keratin
being characterized worldwide todate, only the non-pathogenic
organisms can be utilized commercially among which Bacillus
sp. are prominent. Further, only limited number of indigenous
microorganisms with application potential are characterized
from India or their enzymes characterized (Pushpa Lata and
Naik, 2010; Ponnusamykonar et al., 2011; Sivakumar et al.,
2012). Viability of the commercial enzyme application depends
to a large extent on cost of enzyme production and the
downstream operations required for extraction and purification
of enzyme. Most of the applications of keratinase including
bioconversion of feather into animal feed, leather processing etc.,
employ crude or partially purified enzyme (Gupta and Ramnani,
2006). In order to make the process of utilization of keratin
waste economical, which is hitherto, is underutilized, it is
essential to characterize keratinase enzymes from indigenous
isolates producing neutral to alkaline keratinases that are
thermostable.

Two indigenous Bacillus isolates producing keratinase isolated
in our studies were developed to yield >300 units/ml of enzyme
by optimizing parameters of keratinase production (Jeevana
Lakshmi, 2007). The enzyme produced by the isolates was
partially purified and characterized. Present work is focused on
the characterization of partially purified keratinase enzyme from
two isolates to ascertain its application potential. In view of high
stability and tolerance to surfactants and organic solvents the
characterized keratinases can have good application.
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Materials and methods

Keratinase enzyme from the two MBF isolates was purified and
characterized to determine the nature and the type of enzyme
produced. The molecular weight and their sensitivity to metals,
solvents, protein inhibitors, reducing agents etc. was also determined
to evaluate the application potential of the enzyme in feather
degradation. The fermentative production of enzyme from two
improved Bacillus isolates, MBF20 and MBF45 was carried out in
500ml volumes of production medium in two liter flasks for 5 days
for partial purification of keratinase (Jeevana Lakshmi, 2007). The
residual biomass was separated by centrifugation at 5000 rpm at 4°C.
As the enzyme is extracellular, the culture filtrate was pooled from
the 2I flasks and partial purification of the keratinase enzyme was
carried out using ammonium sulphate precipitation (Mukhopadhyay
and Chandra, 1990). Protein precipitate at 40%, 60% and 80%
ammonium sulphate saturation was collected and washed twice with
0.1M Tris HCI buffer (pH 7.5). The samples were dialyzed for 18
hours at 4°C against the same buffer. The fractions showing highest
keratinase activity were pooled and loaded on DEAE cellulose
columns equilibrated with Tris- HCI buffer. 5ml sample the columns
were collected after successively washing with buffer containing
gradient salt concentration in the range of 0.1M -0.5M. Keratinase
activity of the collected samples was determined using azokeratin
assay method of Riffel et al., 2003. The specific activity of the
enzyme was calculated by determining total protein of the fractions
(Lowry et al., 1951) using bovine serum albumin as a standard and
expressed as KU per mg of the estimated protein. Stability of the
PPK enzyme was determined by checking the activity at 4°C and
room temperature every 24 hours for a week and consequently every
month for a period of 4 months.

Table 1: Partial purification of keratinase enzyme from MBF isolates with
Ammonium sulphate fractionation

of surfactants, and reducing agents like-
Mercaptoethanol(ME), Dithiothreitol (DTE), Dithioerythreitol
(DTT), sodium sulphide, urea etc. in the range of 0.1 and
0.5% concentrations “on the activity of the PPK was also
determined.

Characterization of the produced keratinase

Depending on the nature of active site, proteases are classified
into different groups namely serine, aspartic, thiol and metallo
proteinases. Keratinases produced by different
microorganisms have been reported to belong to all these
different categories groups. Hence the type of keratinases
produced by MBF20 and MBF45 was determined by
comparing sensitivity to various protein inhibitors, along with
metals and reducing agents (Rao and Deshpande, 1998). The
molecular weight was determined on SDS PAGE as per the
method of Laemmli, 1970, using protein marker from
invitrogen. Enzymatic activity of keratinase on various keratin
and non-keratin substrates like hair, feather, wool, nails, silk,
casein, BSA and gelatin etc. was tested to ascertain the
substrate range application potential. 1% of different
substrates were added to basal medium and keratinase activity
was measured using azokeratin assay and the degradation
pattern was observed.

Results and Discussion

Keratinase activity of the culture filtrate and the cell free
extract showed that the keratinase activity was found mainly
in culture filtrate (> 300 KU/ml) for both the isolates, whereas
negligible enzyme activity was observed in the cell free
extracts (only 0.11-0.13KU/ml). This indicated that the
keratinase was primarily extracellular and thus was secreted
into the medium. Maximum activity was observed at 80%

. Ammonium sulphate fractions
Culture filtrate 0% 50% 80%
Total Total Specific Specif
Protein units activity Total pec
Isolates (mg) (KU) (KU/mg) Total Total Specific P otal Total e Total Total Specific
. . L rotei . activit . - g
Protein | units activity n units " Protein | units activity
(mg) | (KU) | (KUmg) |t | (KU | 2 | (M) | (KU) | (KUmg)
mg)
MBF20 319.4 3452 10.8 6.2 186 30.0 4.3 423.12 98.4 10.8 1890 1735
MBF45 215.2 1920 8.9 4.0 125 313 3.8 254.2 66.9 7.8 1219 155.4

Effect of physical and chemical parameters on PPK activity

The effect of pH (4.5-10.5), temperature of incubation (4 -75 °C)

and substrate concentration (5mg to 20mg) on enzyme activity
were determined to evaluate the optimum parameters for enzyme
activity. The influence of metal ions was determined by treating
the PPK with various metal ions at two concentrations (3 and
5mM) for 15 minutes prior to assay of keratinase. The resultant
activity was expressed as percentage of residual activity as
compared with the solvent controls. Sample without any treatment
was maintained as control where the activity was taken as 100%.
The influence of organic solvents like DMSO, isopropanol,
acetone etc, was
determined in concentration range between 1 to 10%. The effect

ammonium sulfate saturated fraction which was used for
partial purification of enzyme. The specific activity of the PPK
enzyme was 155-174KU/mg protein when compared to that of
culture filtrate which was about 8.9KU/mg t010.8KU/mg
(Tablel).

Thus, fractionation resulted in 16-18 fold purification. Specific
activity of 85-86 units/mg protein was observed for keratinase
enzyme purified from several Bacillus species by salt
precipitation in earlier studies (Lin et al., 1992; Nam et al.,
2002; Riffel et al., 2003; Kanchana and Parvathy, 2010). Our
results indicated that PPK from MBF isolates exhibited higher
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specific activity compared to several earlier reports. On the
10%SDS gels, PPK enzyme was observed as single prominent
band in both the cases indicating homogenous nature of enzyme
(Fig.1)

62kDa

49kDa ——p-

38kDa ——p

28kDa ——

1-Marker, 2-MBF20, 3-MBF45
Fig 1: SDS gel of the PPK of MBF isolates

The molecular weight of keratinase enzyme from MBF20 was
38kD whereas that of MBF45 was 32kD.

Stability of PPK: Stability of the PPK enzyme from MBF isolates
was determined between 0° C and room temperature and the
results are given in Fig. 2.

when stored at 20°C within a days time. Autolysis is suggested
to account for major loss in enzyme activity in Bacillus sp. on
storage (Lin et al., 1992). Keratinase from the MBF isolates
which have significantly higher stability at 0°C for more than a
month and at least 48 hours at room temperature have a definite
advantage in terms of their application potential.

There was a gradual increase in keratinase activity of PPK with
increase in pH from 4.5 when the effect of pH in the range of
4.5-10.5 was tested. Though enzyme was stable up to pH 10.5,
optimum Keratinase activity was observed at pH 8.5 for both
MBEF isolates (Fig. 3).
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Fig 2: Residual keratinase activity of PPKs after storage (A) at room
temperature and (B) at 0°C

The enzyme retained >90% activity after storage for one month at 0
°C and 50% activity even after two months. At room temperature on
the other hand, the enzyme was stable for 24 hours retaining
majority of the activity. There was a 50% reduction in activity in 3-4
days and by day seven most of the enzyme activity was lost.
Keratinases reported till date, have been observed to have varied
stabilities with very few reports of good stability. When stored at 1-
5°C, no detectable decrease in activity was observed by Young and
Smith, 1975 till 8 days whereas activity was lost within for 3-6
hours at 50°C. The keratinase from B. licheniformis was reported to
lose 2% of activity when stored at -20°C, 10% at 40°C and 20%

Fig 3: Effect of pH and temperature on partially purified keratinase

Several keratinases reported are active over a range of pH
between 5-13. Keratinase from Streptomyces pactum
DSM40530 (Bockle et al., 1995) has the least reported optimum
value of pH 5 whereas the highest optima of pH 13 was
observed for Bacillus halodurans AH-101(Takami et al., 1999).
However, most of the other keratinases isolated have optimum
activity in neutral to alkaline range (Bockle et al., 1995;
Bressoller et al, 1999; Dozie et al., 1994; Farag and Hassan,
2004; Nam et al., 2002). Enzyme with optimum activity at
alkaline pH, has definite advantage in application both in
degradation of feather as well as in leather industry as
significant increase in pH are found associated in these
processes. Optimum activity of PPKs from MBF cultures was
recorded at 55°C (398-635KU/ml) indicating thermo-tolerant
nature of the obtained enzymes. However, good activity was
observed between range 37°C - 55°C indicating versatility of
application (Fig 3). Optimum temperature of activity from
majority of the microorganisms producing keratinase has been
observed to be between 28-45°C (Malviya et al., 1992; Bockle
et al.,1995; Kunert, 1998; Alpress et al., 2002; Nam et al.,
2002). Keratinases with an optimum temperature of 60-75°C
were isolated from Thermoactinomyces sp., S. pactum,
Fervidobacterium sp. (Bockle et al., 1995; Friedrich and
Anthranikian, 1996; Ignatova et al., 1999). The enzyme isolated
from Chrysosporium keratinophilum and Fervidobacterium
islandicum AW-1 showed exceptionally higher optima of 90 -
100°C, but with half-life of only 30 - 90 minutes (Dozie et al.,
1994; Nam et al., 2002). The keratinases produced by MBF
isolates showed better stability at the desired optimum
conditions.

Effect of chemicals on enzyme activity

Influence of surfactants, organic solvents, reducing agents,
metal ions and on the activity of keratinase enzyme was studied
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which also determines their application potential. Further, sensitivity
to different groups of protease inhibitors was used to characterize the

. . Table 2: Effect of metal ions on keratinase activity
enzyme. In the present study, effect of 11 metal ions, four reducing

agents three solvents and several protease inhibitors was determined
to ascertain the stability and activity of the produced keratinase Isolates
enzyme (Table 2). Metal ions Concemr ?;'r?s” MBF20 | MBF45
Among the metal ions tested only Ca*? showed 10% enhancement of Residual keratinase
the enzyme activity at 3mM and 30% at 5mM concentration (Table activity (%)
2). Fe™ and Al*? salts showed less than 10% inhibition, followed

o +2 +2 +2 . +2 Control None 100 100
moderate inhibition by Zn™*, Ba™, Mg™ (< 50% inhibition). Mg™,
Mn*? and Co*™ ions showed <40% inhibition at both the 3mM 914 %81
concentrations tested. At 5mM concentration Hg*?, Pb*2, and Co*? A2
exhibited maximum inhibition of 60-80% of enzyme activity while 5mM 66.7 97.2
Ag*? ions exhibiting a maximum 90% inhibition. Fe?", Ba*?, zZn?*
have shown varied effect i.e. low inhibition or Keratinase from both 3mM 122.9 109.9
the isolates was strongly inhibited in the presence of serine protease Ca”
inhibitor PMSF, where as there was only a partial inhibitory effect 5mM 130.7 1316
with EDTA (Table 3). Benzimidine hydrochloride also exhibited a
significant inhibition of 43-48%. The inhibition pattern with PMSF 3mM 363 4t
and EDTA corresponds with reports demonstrating keratinase Hg™
belonging to serine protease group. This indicated that the keratinase SmM 01 198
produced by both MBF 20 and 45 isolates was a serine protease amM 56 609
(Giongo et al., 2007; Riffel et al., 2003; Suntornsuk et al., 2004; Lin Pb2
and Yin, 2010; Venkata Saibabu, 2013). 5mM 04 305
An enhancement in the keratinase activity was observed with all the 3mM 973 100.0
reducing agents tested (Table 4). Fe'?
A two fold increase in keratinase activity was observed with DTE o > o
followed by urea where a 1.5 fold increase was observed. Other 3mM 773 90.2
reducing agents tested also showed a 20-40% enhancement in the Zn*2
keratinase activity. Reducing agents like ME, DTE, DTT etc., have 5mM 36.9 80.5
been shown to alter keratinolytic activity (Mukhopadyay and
chandra, 1990; Lin et al., 1992; Kobayashi et al., 1995; Bockle and 3mM 72.3 78.6
Muller, 1997; Lee et al., 2002; Mitsuiki et al., 2004). The thiol Mg
activation has been proposed as a mechanism for the observed 5mM 581 616
enhancement in sulphitolysis (Onifade et al., 1998). In several
studies presence of organism and its biomass was proposed to be " 3mM 765 629
contributing to the reducing environment and was found essential for Mn M 58.0 291
degradation of feather whereas partially purified enzyme showed ' ]
much low activity in degradation of feather in vitro (Ignatova et al., 3mM 731 812
1999; Bresoller et al., 1992; Bockle et al., 1995; Suh and Lee, 2001, Ba*2
Nam et al., 2002; Ramnani and Gupta, 2004; Ramnani et al., 2005). 5mM 45.2 59.0
However, the PPK isolated from MBF strains was efficient in
degradation of feather completely in 48 hours even in absence of 3mM 72.7 78.5
biomass. The activity was specific against feather where as there was Co"
a very low activity with other substrates (Table 5) of indicating its 5mM 57.5 39.4
specificity and potential application for degradation of feather.

3mM 48.9 38.6

The nutritive value of the feather meal produced by treatment of Ag”
keratinases and their application as feed supplement is under study. SmM 112 10.2

Conclusion

The characters like thermo-stability, resistance to metal ions, organic
solvents and chemicals make keratinases from MBF20 and MBF45
ideal for biodegradation and utilization of feather waste as value
added product.
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Table 3: Effect of organic solvents and surfactants on keratinase activity

Isolates
Test CO”?ﬁ:‘J;"“O” MBF1l | MBF21
Residual Keratinase
activity (%)
1% 85.4 89.2
DMSO 5% 84.8 88.4
10% 84.6 84.4
1% 98.8 97.8
Organic
Solvents Isopropanol 5% 95.2 85.8
10% 86.9 86.5
1% 96.7 97.9
Acetone 5% 95.0 88.8
10% 89.2 86.1
0.1% 97.3 99.4
SDS
Surfactants 0.5% 96.1 98.7
0.1% 95.4 101.9
Triton x 100
0.5% 102.2 106.7

Table 4: Effect of reducing agents and inhibitors on keratinase activity

Isolates
Concentration
MBF11 MBF21
Test (mM)
Residual Keratinase
activity (%)
None Control 100 100
0.1 119.4 111.6
B-mercaptoethanol

0.5 136.4 138.4
0.1 111.7 121.0

DTT
0.5 142.2 159.7
Sodium 0.1 112.4 114.6
Reducing tetrathionate 05 139.6 148.2

agents
0.1 107.8 119.1
Sodium sulfite

0.5 131.4 139.2
0.1 121.1 112.1

Urea
0.5 141.6 151.1
0.1 152.8 181.1

DTE
0.5 214.7 222.2
1 89.9 90.8

EDTA

5 63.8 60.7
1 95 10.9

Inhibitors PMSF

5 0.2 2.6

Benzimidine 1 527 438
hydrochloride 5 311 49.6

Table 5: Activity sof PPK enzyme on various substrates

Isolates
Keratinase activity (KU/ml)

Feather 400.7 201.7
Hair 17.4 9.6
Silk 40.4 35.8
Wool 13.2 6.2
Nail 8.4 8.2
Casein 7.2 6.8
Gelatin 2.3 2.1
BSA 2.1 1.6

References

Allpress JD, Mountain G and Gowland PC (2002). Production, purification
and characterization of an extracellular keratinase from Lysobacter
NCIMB 9497. Lett Appl Microbiol; 34: 337-342.

Bockle B and Muller R (1997). Reduction of disulfide bonds by
Streptomyces pactum during growth on chicken feathers. Appl
Environ Microbiol. 63: 790-792.

Bockle B, Galunsky B and Muller R (1995). Characterization of a
keratinolytic serine proteinase from Streptomyces pactum DSM
40530. Appl Environ Microbiol; 61: 3705-3710.

Brandelli A, Daroit Dj and Riffel A (2010). Biochemical features of
microbial keratinases and their production and applications.
ApplMicrobiol Biotechnol 85:1735-50.

Bressollier P, Letourneau F, Urdaci M and Verneuil B (1999). Purification
and characterization of a keratinolytic serine proteinase from
Streptomyces albidoflavus. Appl Environ Microbiol. 65: 2570-6.

Dozie INS, Okeke CN and Unaeze NC (1994). A thermo stable, alkaline —
active, keratinolytic proteinase  from Chrysosporium
keratinophilum. World J Microbiol Biotechnol. 10: 563-567.

Eggum BO (1970). Evaluation of protein quality of feather meal under
different conditions. Acta Agriculturae Scandinavica. 20:230-234

Ekta Tiwary and Rani Gupta (2012). Rapid Conversion of Chicken Feather
to Feather Meal Using Dimeric Keratinase from Bacillus
licheniformis ER-15.Bioprocessing and biotechniques.

Farag AM and Hassan MA (2004). Purification, characterization and
Immobilization of a keratinase from Aspergillus oryzae. Enzyme
Microb Technol. 34: 85-93.

Friedrich AB and Antranikian G (1996). Keratin degradation by
Fervidobacterium pennivorans, a novel thermophilic anaerobic
species of the order Thermotogales. Appl Environ Microbiol. 62:
2875-2882.

Giongo JL et al. (2007). Keratinolytic proteases of Bacillus species
isolated from the Amazon basin showing remarkable de-hairing
activity. World J Microbiol Biotech. 23: 375-382.

Gupta R and Ramnani P (2006). Microbial keratinases and their
prospective applications: an overview. Appl Microbiol Biotechol.
70: 21-33.

Ignatova Z, Gousterova A, Spassov G and Nedkov P (1999). Isolation and
partial characterization of extracellular keratinase from a wool
degrading thermophilic actinomycete strain Thermoactinomyces
candidus. Can J Microbiol. 45: 217-222.

International Journal of Recent Advances in Biotechnology

www.scieneresearchlibrary.com



Characterization of Thermostable Keratinase from Bacillus sp.

6

Jeevana Lakshmi P (2007). Fermentative production of keratinase enzyme by
Bacillus sp. and its relevance to recycling of poultry waste. Ph.D
dissertation, Sri Padmavathi Women’s University, Tirupati, A. P., India.

Kanchana M and Padmavathy S (2010). Optimization of extracellular alkaline
protease enzyme from Bacillus sp. The Bioscan, 5(1): 85-87.

Kobayashi T et al. (1995). Purification and properties of an alkaline protease
from alkalophilic Bacillus sp. KSM-K16. Appl Microbiol Biotechnol.

Kunert J (1988). Utilization of cystine by dermatophytes on glucose-peptone
media. Folia Microbiol. 33: 188-197.

Laemmli U. K (1970). Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature. 227: 680.

Lee H, Sub DB, Wang H and Shih JCH (2002). Characterization of a
keratinolytic metalloprotease from Bacillus sp. SCB-3. Appl Biochem
Biotechnol. 97: 123-133.

Lin HH and Yin LJ (2010). Feather meal and rice husk enhanced keratinase
production by Bacillus licheniformis YJ4 and characteristics of produced
keratinases. Journal of Marine Science and Technology. 18: 458-465.

Lin X, Lee CG, Casale ES and Shih JCH (1992). Purification and
characterisation of a keratinase from feather degrading B. licheniformis
strain. Appl Environ Microbiol. 58: 3271-3275.

Lowry OH, Rosebrough NJ, Farr Al and Randall RJ (1951). Evaluation of
protein concentration using BSA as standard. J Biochem. 193: 265-275.

Malviya HK, Parwekar S, Rajak RC and Hasija SK (1992). Evaluation of
keratinolytic potential of some fungal isolates from gelatin factory
campus. Indian J Exp Biol. 30: 103-106.

Mitsuiki S et al. (2004). Molecular characterization of a keratinolytic enzyme
from an alkaliphilic Nocardiopsis sp. TOA-1. Enzyme Microb Technol.
34:482-489.

Mukhopadhyay RP and Chandra, A. L (1990). Keratinase of a Streptomycete.
Indian J Exp Biol. 28: 575-577.

Nam GW, et al. (2002). Native feather degradation by Fervidobacterium
islandicum AW-1, a newly isolates keratinase producing thermophilic
anaerobe. Arch Microbiol. 178: 538-547.

Onifade AA, Al-Sane, NA, Al-Mussallam AA and Al-Zarbam S (1998).
Potential for biotechnological applications of keratin-degrading
microorganisms and their enzymes for nutritional improvement of
feathers and other keratins as live stock feed resources. Bioresource
Technology. 66:1-11.

Ponnusamykonar P, et al. (2011). A study of feather keratin degradation by
Bacillus licheniformis andquantification of keratinase enzyme produced.
J. Microbiol. Biotech. Res. 1:120-126.

Pushpalata SK and Naik GR (2010). Production and characterization of feather
degrading keratinase from Bacillus sp. JB 99. Indian Journal of
Biotechnology. 9: 384-390.

Ramnani P and Gupta R (2004). Optimization of medium composition for
keratinase production on feather by Bacillus licheniformis RG1 using
statistical methods involving response surface methodology. Biotechnol
Appl Biochem. 40: 191- 196.

Ramnani P, Singh R and Gupta R (2005). Keratinolytic potential of Bacillus
licheniformis RG1: structural and biochemical mechanism of feather
degradation. Can J Microbiol. 51: 191-196.

Rao MB and Deshpande VV (1998). Proteases and their applications in
Biotechnology. In: Microbes for health, wealth and sustainable
environment. (Ajit Singh Ed.). Malhotra publishing House, New Delhi.
389-707.

Riffel A, Lucase F, Heeb P and Brandelli A (2003). Characterization of a new
keratinolytic bacterium that completely degrade native feather keratin.
Arch Microbiol. 179: 258-265.

Sivakumar T, Shankar T, Vijayabaskar P and Ramasubramanian V (2012).
Optimization for Keratinase Enzyme Production Using Bacillus
thuringiensisTS2. Academic Journal of Plant Sciences. 5: 102-109.

Suh HJ, Lee HK (2001). Characterization of a keratinolytic serine protease
from Bacillus subtilis KS-1. J prot Chem. 20: 165-169.

Suneetha V, Lakshmi VV (2005). Optimisation of parameters for fermentative
production of keratinase by feather degrading microorganisms. J Microb
World. 7(1): 106-115.

Suntornsuk W, et al. (2004). Purification and characterisation of
keratinase from a thermotolerant feather-degrading bacterium,
World J Microbiol Biotechnol. 21: 1111-1117.

Takami H, Nogi Y and Horikoshi K (1999). Reidentification of the
keratinase — producing facultatively alkaliphilic Bacillus sp. AH-
101 as Bacillus halodurans. Extremophiles. 3: 293-296.

Tallur PN, Megadi VB, Mulla SI and Ninnekar Purification HZ (2009).
Characterization of 4-hydroxybenzoate -1- hydroxylase from
Bacillus Sp. Strain Phn 1. The Bioscan. 4(2): 261-265.

Tiwary E and Gupta R (2010). Medium optimization for a novel 58 kDa
dimeric  keratinase from Bacillus licheniformis ER-15:
biochemical characterization and application in feather
degradation and dehairing of hides. Bioresour Technol.101: 6103-
10.

Venkata Saibabu, Francois NN and Sunil SM (2013). Isolation, Partial
purification and Characterization of Keratinase from Bacillus
megaterium. Int. Res. J. Biological Sci. 2(2): 13-20.

Young R A, Smith RE (1975). Degradation of feather keratin by culture
filtrates of Streptomyces fradiae. Can. J Microbiol. 21: 583-586.

Zhang Y, Yang R and Zhao W(2014). Improving digestibility of feather
meal by steam flash explosion. J Agric Foodchem 62:2745-51.

Science Research Library follows

ACCESS PoLICY

Science Research Library (SRL) Open Access Policy | LEARN. SHARE.

SRL publishes all its journals in full open access policy, enables to access all published
articles visible and accessible to scientific community.

SRL publishes all its articles under Creative Commons Attribution - Non-Commercial 4.0

International License
@@
e T

Authors/contributors are responsible for originality, contents, correct references, and
ethical issues.

Author benefits:

Online automated paper status

Quality and high standards of peer review

Rapid publication

Open Access Journal Database for high visibility and promotion of your
research work

Inclusion in all major bibliographic databases

Access articles for free of charge

ANANANRN

ANEN

International Journal of Recent Advances in Biotechnology

www.scienceresearchlibrary.com



