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The keratin occurs naturally in the form of feathers, hair, nails and wool all over the world. As
the physiological and chemical methods of keratin degradation are not easy possible, the
biological method has gained importance. It can be biodegraded by some Keratinolytic
Streptomyces sp. The present study investigated purified keratinase from Keratinolytic
Streptomyces albus. The cell-bound keratinolytic enzyme was purified 28.91 fold by gel filtration
chromatography. The enzyme was characterized as a serine protease with a molecular mass of
40-45kD. Optimal activity pH and Temperature were measured at 7.0 and 40°C, furthermore the
various inhibitors had different effect on enzyme activity. PMSF and heavy metal ion Hg*? were
the most potent inhibitors and EDTA induced the activity by more than 142%, 2-mercaptoethanol
did not show any impact on the enzyme, where pCMB, KCN, 8-hydroxyquinoline and cystine

Purification,
Streptomyces albus.

inhibited activity moderately.
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INTRODUCTION

Keratin is an insoluble, high stable protein found mostly in
feathers, wool, nails and hairs of vertebrates (Shih, 1993) and
then it arises as a waste product in many ways. Feathers are
produced in large quantity as a waste by poultry product
processing plants; it reaches millions of tons per year
worldwide (Fernandes, 2010). A number of Kkeratinolytic
microorganisms have been reported, including some species of
fungi such as Microsporum (Williams et al, 1991),
Trichophyton (Essien et al., 2009), Bacillus (Anbu et al.,
2008; Cai and Zheng, 2009; Macedo et al., 2005),
Streptomyces (Pillai 2008; Syed, 2009; Szabo, 2000) and
Actinomycetes (Tatineni, 2008; Bockle, 1995). Keratinases are
a group of serine metalloproteases, release the free amino
acids from keratinous proteins. Keratin is resistant to the
common proteolytic enzymes, papain, pepsin and trypsin
(Papadopoulos et al., 1986). These enzymes have been studied
for dehairing processes in the leather industry (Raju et al.,
1996) and hydrolysis of feather keratin (Lin et al., 1995),
which is a by-product generated in huge amounts by the
poultry industry. Discarded feathers are currently used to
produce feather meal through thermal processing, resulting in
a low nutritional value product (Wang and Parsons, 1997).
Feather hydrolysates produced by bacterial keratinases have
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been used as additives for animal feed (Williams et al., 1991).
Keratinolytic enzymes have found important utilities in
biotechnological processes involving keratin-containing
wastes from poultry and leather industries, through the
development of non-polluting processes. After hydrolysis, the
feathers can be converted to feedstuffs, fertilizers, glues, films
and as the source of rare amino acids, such as serine, cysteine
and proline (Gupta and Ramnani, 2006; Cai et al., 2009).
Considering their high content of useful compounds, animal
wastes have a great potential for many applications. The
present paper reports on the optimization of methodology for
keratinase production, purification and its characterization
using locally isolated Streptomyces albus a thermotolerant
actinomycete.

MATERIALS AND METHODS
Microorganism and inoculum preparation

A novel thermophilic actinomycete was isolated from the hot
soil zone of Gulbarga and Bellary, identifies as Streptomyces
albus and used for Keratinase production. The spore
suspension was prepared by scrapping the spores of
Streptomyces albus from 7 days old culture grown on
aspergine agar medium (Sreenivasa et al., 2003). The spore
concentration was adjusted to 5X106/ml.
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Determination of keratinase activity

The keratinase activity was assayed by the modified method of
Cheng et al. (1995) by using keratin as a substrate with slight
modification. The reaction mixture was prepared by mixing
1ml of 1% Kkeratin in phosphate buffer (pH 8.0) and 0.5 ml of
enzyme solution and incubated at 30°C for 30 min. After
incubation, the reaction was terminated by adding 2 ml of 10%
trichloroacetic acid (TCA). After the separation of untreated
keratin precipitate by centrifugation, 1ml of clear supernatant
was mixed with 5ml of 0.4 M Na,CO; and 0.5 ml of Folin-
Ciocalteau’s phenol reagent. After 30 min, absorbance was
measured at 660 nm against blank. All assays were done in
triplicate. One unit of keratinase activity was defined as the
amount of enzyme that released one micromoles of tyrosine
per minute under the standard assay conditions.

Determination of Protein content

The protein content of the enzyme extract was determined by
Folin-Phenol reagent (Lowry et al., 1951), using bovine serum
albumin as a standard.

Purification and Characterization of Keratinase

The Streptomyces albus were grown in optimized starch casein
agar media and incubated in static condition at room
temperature. The culture fluid of feather was harvested up to
20th day of incubation, the point of view maximal enzyme
activity.

Ammonium sulphate precipitation and dialysis

The crude extract fluids (200 ml) were concentrated by 80%
saturation using ammonium sulphate. The protein precipitate
obtained was separated by centrifugation at 10,000 rpm for 10
min and the pellet was dissolved with minimum volume of
phosphate buffer (56 mM, pH 7.8). The dissolved sample was
dialyzed (Cellophane membrane, Sigma) against 5 mM
phosphate buffer (pH 7.8) for 8 h.

Gel filtration

After dialysis, the sample (3.0 ml) was subjected to gel
filtration fractionation with a sephadex G-100 column that had
been equilibrated with 0.056 M phosphate buffer (pH 7.8).
Elution was conducted at a flow rate of 15ml/h and 3ml of
fractionation collected. The major peaks of keratinase were
detected and the fractions containing these peaks were pooled
separately. These pools were lyophilized for further
purification.

Polyacrylamide gel electrophoresis (PAGE)

Preparative polyacrylamide gel electrophoresis with 7.5% gel
was conducted to detect keratinase in pooled purified
fractions. Protein bands were visualized with silver staining.
Effect of pH and temperature on keratnase activity
Keratinolytic activity of purified enzyme was measured in the

range of pH 4.0 to 11.0 using fallowing buffers: sodium
acetate (pH 4.0-6.0), sodium phosphate (pH 7.0-8.0), and Tris-

NaoH buffer (pH 9.0-11.0). The optimum temperature was
determined by incubating reaction mixture at different
temperature range from 20°C to 80°C for 20 min.

Effect of inhibitors

Purified Streptomyces albus keratinase was pre-incubated with
each inhibitor at pH 7.0 for 1 h at 40°C and then assayed for
residual activity. The inhibitors used were: EDTA, pCMB,
KCN, HgCl, cystine, PMSF, 2-mercaptoethanol and 8-
hydroxyquinoline.

RESULT AND DISCUSSION
Purification of Keratinase

The strain of Streptomyces albus grew well and completely
degraded chicken feathers in the culture broth (Fig 1). This
intense feather-degrading activity was achieved in the range of
25-37°C and with initial pH adjusted from 6.0 to 8.0.
Keratinase was extracted from culture broth and further
purified.

Fig. 1. Complete feathers degradation by
Streptomyces albus

(A) Feathers control without Streptomyces albus,
(B) The feathers with Streptomyces albus.

The keratinase from feather degraded media was subjected for
ammonium sulphate precipitation, dialysis and gelfiltration
chromatographic purification. In the feather sample, the crude
enzyme exhibited 8.7 x 10 U/mg of specific activity (Table-
1). In the ammonium suplhate saturated enzyme 14.5 x 107
U/mg activity was found and the specific activity of enzyme
after dialysis was 21.5 x 10° U/mg. The gelfiltrtion
purification led to 25.16 U/mg keratinase.  Over all
purification fold achieved was 28.91. Similar purification
protocols reported used for keratinase from the solid cultures
of bacterial species such as Fervidobacteium (Nam et al.,
2002), Chrysobacterium sp. Kr6 (Riffel et al., 2007) and
Streptomyces sp. (Bockle et al., 1995).
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Table 1: Purification of extra cellular keratinase from S. albus

Sl. No Fractionation step Total protein (mg)  Total activity (kU)  Specific activity X 10°(U/mg)  Recovery (%)  Fold Purity
1 Crude culture fluid 71.0 8.7 100.0 1
2 Ammonium sulphate precipitation 37.0 145 86.7 1.66
3 Dialysis 19.0 215 76.4 2.47
4 Sephadex G-100 fractionation 3.1 25.16 71.2 28.91

The elution pattern of gel filtration and purification of
keratinase from feather samples clearly demonstrated that, the
enzyme was eluted in early fractions (Fig 2).
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Fig. 2: Gel filtration elution profile of keratinase

The sharp peak of activity was found along with the highest
protein eluted samples. It was interesting to determine the
elution of the enzyme in single peak in feather samples. The
SDS-PAGE analysis of purified keratin from feather showed
protein bands of 40-45 kD respectively (Fig 3). Keratinase
activity (2.45kU/m) in crude culture extracts was observed by
Streptomyces albidoflavus  (Bressollier et al., 1999),
Kytococcus sedentarius (Longshaw et al., 2002) and
Trichophvton rub-rum (Sanyal et al., 1985). Concentration of
the culture fluid by vacuum evaporation resulted decrease in
keratinase activity. A similar result was observed following
dialysis of enzyme samples with phosphate buffer (pH 7.8),
even though the specific activity was increased. The elution
pattern of the Keratinase isolated from feather displayed a
single peak of activity (Malviya et al., 1992). The PAGE
analysis of pooled eluents from gel filtration chromatography
showed the presence of single band; the keratinase purified
(YYassin et al., 2012 and Pushpalata 2010) had two subunits of
50 and 29 kD.
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Fig. 3: SDS- PAGE of purified keratinase from S. albus

M: (Protein) Molecular weight marker (medium range,
Bangalore Genie, Bangalore); GF- gel filtration purified
kertinase

The optimum pH for the activity of keratinase isolated was of
7.0 (Fig 4). This result is in agreement with those described for
most feather-degrading Bacillus (Santos et al., 1996; Brandelli
and Riffel, 2005). For production of keratinase by B.
licheniformis and a recombinant B. subtilis, uncontrolled pH
operation was more favorable than the controlled pH
operations (Wang and Shih, 1999). Similar findings were
observed for alkaline protease by B. licheniformis (Calik et al.,
2002). The keratinase sample, showed a gradual increase in
the activity with increasing pH up to the optimum as followed
by a gradual fall in the activity. The keratinase studied by
Malviya et al., (1992) was also showed an optimum pH at 7.8.
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Fig 4: Effect of pH on activity and stability of keratinase from
S. albus

The enzyme stability studied at various pH ranging from 4.0 to
11.0 showed a significant increase in the stability up to pH 8.0
(Fig 4), which declined thereafter. 100 percent stability was
recorded at pH 8.0. The keratinase subunits analyzed by
Malviya et al., (1992) were stable between pH 5.0-7.8.
However, the keratinase of S. brevicaulis were most active at
alkaline pH. The phenomenon was similar to dermatophytic
keratinase that degrade human hair keratin (Sanyal et al.,
1985), wool (Weary et al., 1967), bovine hoof and horn
(Meevootisom and Niederpruem, 1979). The effect of
temperature on keratinase was studied from 20°C to 80°C. The
activity increased from 20°C up to 80°C, but optimum
temperature for the activity recorded at 40°C respectively (Fig
5). Proteases from Chryseobacterium sp. are often produced at
mesophilic temperatures. A metalloprotease of C. indologenes
IxX9a (Venter et al, 1999) and an endopeptidase of
Chryseobacterium sp. (Lijnen et al., 2000) were produced
during cultivation in nutrient broth at 25°C and 28°C.
Although those conditions were considered satisfactory to
produce proteolytic activity and other settings were not
investigated.  Although keratinolytic bacteria often display
optimal growth and activity at higher temperatures (Lin et al.,
1999; Kim et al., 2001), this is consistent with optimum values
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described for Kkeratinolytic gram-negatives such as, Vibrio sp.
kr2 (Sangali and Brandelli, 2000), The karatinase from
Chryseobacterium sp. had optimum temperature of 30°C
(Brandelli and Riffel, 2005). Lysobacter sp. (Allpress et al.,
2002) and Stenotrophomonas sp. D-1 (Yamamura et al.,
2002), which showed optimum temperature for growth and
keratinolytic enzyme production ranging from 20°C to 30°C.
The optimum temperature for keratinase activity reported by
Malviya et al., (1992) was 40°C and 35°C, though K-I was
more stable over a broader temperature range than K-1l. The
temperature stability decreased rapidly as temperatures in-
creased above 40°C, similar to our observations.
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Fig. 5: Effect of temperature optimization on activity of
keratinase from S. albus

The various inhibitors had different effect on enzyme activity
(Table 2). The PMSF was found most potent inhibitor, as it
completely killed the activity of enzyme, indicating serine
residues at the active site of the Keratinase (Rajak et al.,
1992). Similar observations were made by Bernal, et al, (2006)
for one of the subunits of keratinase.  Several workers have
reported the production of serine proteases by keratinophilic
fungi (Sanyal et al., 1985; Grzywnowicz et al., 1989; Rajak et
al., 1992). It signifies that the keratinase is a protease, as
PMSF is known to act only on proteases. The HgCl, as heavy
metal ion also inhibited the activity by 100%. The induced
activity of enzyme by EDTA, by more than 140% stating that
keratinase is a metallo-enzyme. Keratinase from a
Trichophyton species has shown metal dependence for optimal
keratinase activity. But reports of Malviya et al., (1992),
Tikiuchi et al., (1982) and Muller and Saenger, (1993), similar
result found for a weak inhibition of keratinase by EDTA
indicate Keratinase is non-metal dependent enzyme. 2-
mercaptoethanol did not show any impact on the enzyme,
where8-hydroxyquinoline, KCN, pCMB and cystine
moderately inhibited the activity.

Close scrutiny of the properties of keratinase revealed that
their properties were in many respects identical to the
enzymatic activities of dermatophytes (Sanyal et al., 1985;
Grzywnowicz et al., 1989). Keratinases have enormous
potential applications in processing waste in the poultry and
leather industries. The recent finding showed that the
keratinase of B. licheniformis PWD-1 cause enzymatic
breakdown of prion protein Pr PSc (Langeveld et al., 2003)
and open a novel relevant application for broad range
keratinases. The present study adds to the knowledge of
keratinase to take up further study for efficient applications in
industries and environmentally.

Table 2: Effects of various inhibitors on the activity from S. albus

Inhibitor Concentration (mM)  Residual activity (%)
pCMB 1 78
PMSF 1 0
EDTA 5 14:
8-hydroxyquinoline 1 71
2-Mercaptoethanol 2 10(
KCN 5 81
Cystine 5 69

Enzyme activity without the addition of inhibitor was
considered 100%. All the values are the mean of three
independent estimations.

Conclusion

The objective of the present investigation was to optimize
conditions for keratinase production and its characterization of
native feather degradation. Streptomyces albus produce high
keratinase activity. It is used for potential applications in
processing waste in poultry, leather industries and different
fields like for de-hairing and removing of substance like hair,
feather and wool (environmental pollutant), the further it is
used for investigations of other research areas.

REFERENCES

Allpress, J.D., Mountain, G., Gowland, P.C. 2002. Production,
purification and characterization of an extracellular
keratinase from Lysobacicr NCLMB 9497. Letters in
Applied Microbiology., 34 (5): 337-342.

Anbu, P., Hilda, A., Sur, HW., Hur, B.K. and Jayanthi, S.
2008. Extracellular keratinase from Trichophyton sp. HA-
2 isolated from feather dumping soil. Int. Biodeterior.
Biodegrad., 62: 287-292.

Bernal, C., Cairo, J. and Coello, N. 2006. Purification and
characterization of a novel exocellular keratinase from
Kocuria rosea. Enzyme Microb Technol., 38: 49-54.

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. and Riffel, A. 2005. Production of an
extracellular keratinase from Chryseobacterium sp.
growing on raw feathers. Electronic Journal of
Biotechnology., 8(1): 332-345.

Cai, C. and Zheng, X. 2009. Medium optimization for
keratinase production in hair substrate by a new Bacillus
subtilis KD-N2 using response surface methodology. J.
Ind. Microbiol. Biotechnol., 36: 875- 883.

Cai, C.G., Lou, B.G. and Zheng, X.D. 2009. Keratinase
production and keratin degradation by a mutant strain of
Bacillus subtilis. J. Zhejiang University. Science., 9: 60-
67.

Calik, P., Bilir, E., Calik, G. and Ozdamar, T.H. 2002.
Influence of pH conditions on metabolic regulations in
serine alkaline protease production by
Bacilluslicheniformis. Enzyme and Microbial
Technology., 31(5): 685-697.

Cheng, S.W., Hu, H.M. and Shen, S.W.1995. Production and
characterization of keratinase of a feather degrading
Bacillus licheniforms PWD-1. Bioscience. Biotechnology
and Biochemistry., 59: 2239-2243.



038 International Journal of Development Research, Vol. 3, Issue, 8, pp.034-039, August, 2013

Essien, J.P., Umoh, A.A., Akpan, E.J. and Eduok, S.I. and
Umoiyoho, A. 2009. Growth, keratinolytic proteinase
activity and thermotolerance of dermatophytes associated
with alopecia in Uyo, Nigeria. Acta Microbiologica Et
Immunologica Hungarica., 56: 61- 69.

Fernandes, P. 2010. Review article Enzymes in Food
Processing: A Condensed Overview on Strategies for
Better Biocatalysts. Enzyme Research Article.Pp:19.

Grzywnowicz, G., Lobarzewski, J., Wgwrzkiewicz and
Wolski, T. 1989. Comparative characterization of
proteolytic enzymes of Trichophyton gallinae and
Trichophyton verrucosum. j. Med. Vet..Mycol., 27:319-
328.

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

Kim, J.M., Lim, W.J. and Suh, H.J. 2001. Feather degrading
Bacillus species from poultry waste. Process Biochem.,
37: 287-291.

Langeveld, J.P.M., WANG, J.J., Van de wiel, D.F.M., Shih,
G.C., Garssen, J., Bossers, A. and Shih, J.C.H. 2003.
Enzymatic degradation of prion protein in brain stem from
infected cattle and sheep. Journal of Infectious Diseases.,
188(11): 1782-1789.

Lijnen, H.R., Van Hoef, B., Ugwu, F., Collen, D. and
Roelants, 1. 2000. Specific hydrolysis of human
plasminogen by a 24 kDa endopeptidase from a novel
Chryseobacterium sp. Biochemistry., 39(2): 479-488.

Lin, X., Inglis, G.D., Yanke, L.J. and Cheng, K.J. 1999.
Selection and characterization of feather-degrading
bacteria from canola meal compost. Journal of Industrial
Microbiology and Biotechnology., 23(2): 149-153.

Lin, X., Lee, C.G., Casale, E.S. and Shih, J.C.H. 1995.
Purification and characterization of a keratinase from a
feather-degrading Bacillus licheniformis strain. Applied
and Environmental Microbiology., 58(10): 3271-3275.

Lowry, O.H., Roserbrough, N.J., Farr, A.L. and Randall, R.J.
1951. Protein measurement with Folin phenol Reagent. J.
Biol. Chem., 193: 265-275.

Macedo, A.J., Da Silva, W.O., Gava, R., Driemeier, D.,

Henriques, J.A. and Termignoni, C. 2005. Novel
keratinase from Bacillus subtilis S14 exhibiting
remarkable dehairing capabilities.  Appl  Environ

Microbiol., 71: 594-596.

Malviya, H.K., Rajak, R.C. and Hasija, S.K. 1992. Purification
and partial characterization of two extracellular
keratinases of Scopulariopsis brevicaulis.,
Mycopathologia., 119: 161-165.

Meevootisom, V. and Niederpruem, D. J. 1979. Control of
exocellular protease in dermatophytes and especially
Trichophyton rubrum. Sabourudia., 17: 91-106.

Papadopoulos, M.C., El-Boushy., A.R., Roodbeen, A.E. and
Katelaar, E.H. 1986. Effects of processing time and
moisture content on the amino acid composition and
nitrogen characteristics of feather meal. Anim Feed Sci
Technol., 14: 279-290.

Pillai, P. and Archana, G. 2008. Hide depilation and feather
disintegration studies with keratinolytic serine protease
from a novel Bacillus subtilis isolate, Appl Microbiol
Biotechnol., 78: 643-650.

Pushpalata, S. and Naik, G R. 2010. Purification and
characterization of feather degrading keratinase from

Bacillus sp. JB 99. Indian journal of Biotechnology.,
9:384-390.

Rajak, R.C., Malviya, H.K., Deshpande, H. and Hasija,
S.K.1992. Keratinolysis by Absidia cylindrospora and
Rizomucor pusillus a biochemical proof.
Mycopathologia., 118: 109-114.

Raju, A.A., Chandrababu, N.K., Samivelu, N., Rose, C. and
RAO, N.M. 1996. Eco-friendly enzymatic dehairing using
extracellular proteases from a Bacillusspecies isolate.
Journal of the American Leather Chemical Association.,
91(5): 115-119.

Riffel, A., Brandelli, A., Belato, C.M., Souza, G.H.M.F.,
Eberlin, M,N. and Tavares, F.C.A. 2007. Purification and
characterization of a keratinolytic metalloprotease from
Chryseo bacterium sp. kré. J. Biotechnol., 128: 693-703.

Sangali, S. and Brandeli, A. 2000. Feather keratin hydrolysis
by a Vibrio sp strain Kr2. J. Appli Microbiol., 89:735-743.

Sanyal, A.K., Das, S.K. and Banerjee, A.B. 1985. Purification
and partial characterization of an exocellular protenase
from Trichophyton rubrum. Sabouraudia., 23: 165-178.

Shih, J.C.H. 1993. Recent development in poultry waste
digestion and feather utilization a review: Poultry
Science., 72: 1617-1620.

Sreenivasa Nayaka., Gireesh Babu, K. and Vidyasagar, G.M.
2013. Purification and characterization of keratinase from
hair degrading Streptomyces albus. International Journal
of Bioassays., 02 (03): 599-604:

Syed, D.G., Lee, J.C., Li, W.J,, Kim, C.J., and Agasar, D.
2009. Production, characterization and application of
keratinase from Streptomyces gulbargensis. Bioresour
Technol., 100: 1868-1871.

Szabo, I., Benedek, A., Szabo, .M. and Barabas, G. Feather
degradation with a thermotolerant  Streptomyces
graminofaciens strain. World J Microbio Biotechnol., 16:
253-255.

Tatineni, R., Doddapanem, K.K., Potumarthi, R.C., Vellanki,
R.N., Kandathil, M.T., Kolli, N., Mangamoori, L.N. 2008.
Purification and characterization of an alkaline keratinase
from Streptomyces sp. Bioresour Technol., 99: 1596-
1602.

Tikiuchi, I., Higuchi, D., Takagi, H. and Koga, M. 1982.
Isolation of an  extracellular  keratinase from
Microsporium canis. Sabouraudia., 20: 281-288.

Venter, H., Osthoff, G. and Litthauer, D. 1999. Purification
and characterization of a metalloprotease from
Chyseobacterium indologenes I1x9a and determination of
the amino acid specificity with electroscopy mass
spectrometry. Protein Expression and Purification., 15(3):
282-295.

Wang, J.J. and Shih, J.C.H. 1999. Fermentation production of
keratinase from Bacillus licheniformis PWD-1 and a
recombinant B. subtilis FDB-29. Journal of Industrial
Microbiology and Biotechnology., 22(6): 608-616.

Wang, X. and Parsons, C.M. 1997. Effect of processing
systems on protein quality of feather meal and hog hair
meals. Poultry Science., 76(3): 491-496.

Weary, P.E. and Canby, C.M. 1967. Keratinolytic activity of
Tricophyton schoenleini, Tricophyton rubrum and
Tricophyton mentagrophytes. J Invest Dermatol., 48: 240-
248.

Williams, C.M., Lee, C.G., Garlich, J.D. and Shih, J.C.H.
1991. Evaluation of a bacterial feather fermentation



039 International Journal of Development Research, Vol. 3, Issue, 8, pp.034-039, August, 2013

product, feather-lysate as a feed protein. Poultry Science.,
70(1): 85-94.

Yamamura, S. Morita, Y., Hasan, Q., Rao, S.R., Marakami,
Y., Yokoyama, K. and Tamiya, E. 2002. Characterization
of a new keratin-degrading bacterium isolated from deer
fur. Journal of Bioscience and Bioengineering., 93(6):
595-600.

Longshaw, C.M., Wright, J.D., Farrell, A.M. and Holland, K.
2002. Kytococcus sedentarius the organism associated
with pitted keratinolysis produces two Kkeratin- degrading
enzymes. J. Appl. microbiol., 93: 810-816.

Bressollier, P., Letouneau, F., Urdaci, M. and Verneuil, B.
1999. Purification and characterization of a keratinolytic
serine proteinase from Streptomyces albidoflavus. Appl.
Environ. Microbiol. 65: 2570-2576.

Santos, R.M.D.B., Firmino, A.A.P,, Sa, C.M. and Felix, C.R.
1996. Keratinolytic activity of Aspergillus fumigates
Fersenius. Currr. Micraobiol., 33: 364-370.

Yassin, M., Ayouty, E.l., Amira, said, E.L., Ahmed, M. and
Salama, 20012. Purification and characterization of a
keratinase from the feather-degrading cultures of
Aspergillus flavipes. African Journal of Biotechnology.,
11(9): 2313-2319.

Nam, G.W., Lee, D.W., Lee, H.S., Lee, N.J., Kim, B.C., Choe,
E.A., Hwang, J.K., Suhartono, M.T. and Pyun, Y.R.
2002. Native feather degradation by Fervidobacterium
islandicum AW-1 a new isolated keratinaseproducing
thermopbhilic anaerobe. Arch. Microbiol., 178: 538-547.

Muller, A. and Saenger, W. 1993. Studies on the inhibitory
action of mercury upon proteinase K. J. Biol. Chem., 268:
26150-26154.

*khkkkkikkk



