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ABSTRACT

Keratins are water insoluble proteins of our environment. Being extremely resistant to degradation by proteolytic
enzymes, keratins are digested mainly by alkali and keratinase enzymes. The aim of present study was to
characterize the indigenous keratinase for potentials of keratin-degrading activities. We report the purification and
characterization of keratinase from Bacillus subtilis isolated from soil of District Khairpur. The keratinase
possessed good stability with >90% activity for one month and 50% activity after two months at 4°C. The enzyme
was active for 48 h at room temperature. The temperature range for production and activity was between 37-50 ° C
with optimum at 37° C from purified enzyme. Enzymatic activity was observed over a wide range of pH (8.0-11.0)
however, optimum pH was found to be 10.0 indicating alkaliphic nature of this keratinase. The molecular mass of
the keratinase was 30 kDa. The keratinase activity was not inactivated in presence of PMSF and EDTA but affected
by HgCl2. This property of the enzyme indicated that it was a cysteine protease. Gelatin appeared as preferred
substrate followed by keratin. Psoriasis scale hydrolysis and dehairing activities showed by this enzyme qualify it as
a novel keratinase. Alkaliphilic, thermotolerant keratinase (a cysteine protease) from an indigenous strain of
Bacillus subtilis exhibited substantial keratinolytic activities such as dehairng of goat skin and psoriases scale
hydrolysis and appeared as a novel keratinase.
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INTRODUCTION

Keratins, the heterogenic proteins of our environhpgesent in hair, 57 feather, hooves, wool, honad, stratum
and cornium [1] and characterized by high contdrtystine, arginine and serine. Keratins, due ®ghesence of
the disulfide linkages and their coil coiled stuuret are highly resistant to acids and some proteaggmes,
therefore, keratinous material is water insolubild extremely resistant to degradation by proteolgtizymes such
as trypsin, pepsin, and papain, however, it ishedsidrolyzed by alkalis and keratinase enzymesAajroup of
proteolytic enzymes which are able to hydrolyzeoluBle keratins more efficiently than other proe=aare called
keratinases [3.4.99] [3]. They are produced by sansects and mostly by microorganisms such as bacte
actinomycetes and fungi. The best studied keram&®m bacteria belong to gendacillus [4].The prospective
use of keratinases involve diverse applicationsrevik@ratins need to be hydrolyzed, such as in eaéhér and
detergent industries, textiles, waste bioconversam cosmetics medicine such as drug deliveryutiiranails and
degradation of keratinized skin [5]. Proteases aggmt an essential fraction of the global enzyntessand a
relevant part of this market is accounted by béteroteases [6]. Keeping in view the importarerof keratinase,
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the aim of present study was to characterize aathiate the keratianse produced from indigenoushatstrains
from soils of Khairpur District Sindh Pakistan.

EXPERIMENTAL SECTION

Screening of Proteolytic Bacteria from Soil Samples

Sampling and isolation of keratinolytic bacterianfr soil was performed as described previouslywWith few
modifications. Soil sample (0.1 gram) was direglgted on melted and cooled Casein agadium (10g/L w/v
caseine, Uni Chem; agar agar BioChem Malaysia, L3piate). Before the agar solidified, the platesrevrotated
to distribute the soil in the medium. After solidition, plates were incubated af & for 1-2 days. This procedure
was performed with each sample in duplicates. Afteubation the plates were observed for the clgaziones
around the colonies to signify protease productiénsingle colony with a clearing zone was picked am
inoculated on nutrient agar (BioChem Malaysis) gdaand incubated ate®3C for 24 h. The isolated keratinolytic
bacteria were identified by cell morphology, mdtili Gram staining reaction and biochemical profjlinsing
standard microbiological and biochemical techniques

Screening of Proteolytic Activity of Enzyme on Gelatin Agar

Culture ofB. subtilisisolated from the soil was inoculated and incubatedyelatin agar (gelatin 1.5% wi/v, Sigma
Aldrich St. Louis, MO USA; 2%, w/v agar agar Bio@hdvialaysia) and incubated at 3T for 24 h for production
of the zone of hydrolysis (the zone of clearingreundingBacillus subtilis) indicated that the strain was able to
hydrolyze gelatinScreening of Proteolytic Activity of Enzyme on Skimmed Milk Agar

Crude keratinase enzyme was prepared as describeidysly [7]. Briefly, theB. subtilis was grown on basal salt
medium (K HPQ,1.5g; Mg SQ.7H,O 0.025g; Ca GI0.025 g; Fe S® 7H,O 0.015g; Zn S@ 7H,O 0.005g; Bovine
serum albumin 05 mg/mL dissolved in 500 mL distllwater, 5g/L ground chicken feather powder. patw
adjusted with 1IN HCI to 7.5 and volume made up @00LmL with distilled water). The chicken feathevere
washed, dried and ground in grinder (Anex, Germamigr to adding to the medium. The medium was eaied,
inoculated with pure culture and incubated at°3Z for 72 h on orbital shaker (150 rpm). The cudfuwere
centrifuged at 8000 rpm, at room temperature fornfiutes. The extra-cellular keratinase in supamtatvas
collected and passed through QuAbpore size membrane filter (Acrodisc) and was uaedrude enzyme. For
observation of proteolytic activity of the enzymskimmed milk agar [7] was used. Two wells were made
skimmed milk agar plates in duplicate with stedgtizoorer. In one well 100 of Basal salt medium [7] was added as
a control. In the other well, 1QDof crude keratinase was added as a test. Theespheere incubated at 37TC for
24 h. After incubation period, plates were obserfieedhe zone of hydrolysis.

Assay for Keratinase Activity

The assay was performed according to the methoGheig et al., [8] with some modifications. Keratinure
(Azure dye-impregnated sheep’s wool keratin, Sigiddrich St. Louis, MO USA) was used as a substriateas

first frozen at © C and then ground into a fine powder. The kera#inre suspension used as substrate comprised
5mg keratin azure powder suspended in 1mL 50mM- THi€l buffer (pH 8.0). Keratin azure, the Azo dye-
impregnated keratin (Sigma- Aldrich St. Louis, MCBA) was used as a chromogenic non-specific substoat
keratinase activity assay. Upon proteolysis, s@ydaptide fragments, purple in color due to Azo-lypregnation,
were released and detected by absorbance at 59bheeaction mixture contained 1mL keratin azwgpgnsion
and 20Ql crude enzyme and purified enzyme (this study)e €hntrol comprised a 1 mL keratin azure suspension
and 20Ql basal salt feather medium. The reactions (reaatiixture and the control) were carried out in shgk
incubator at 37°C with constant agitation of 20thrfor one hour. After incubation, the reactions evetopped by
adding 1mL trichloroacetic acid (5% v/v, Sigma- Atth St. Louis, MO USA) in both the reaction anchtol
tubes. The unreacted soluble substrate was remoywedntrifugation at 3000 rpm for 10 min at roomrmperature
and the liberation of the azo-dye in the superratas measured at 595 nm. One unit (U) keratinaSeity was
defined as the amount of enzyme causing 0.01 absoehincrease between the sample and control atrfaQider
given conditions Ammonium Sulphate Precipitation/Salting out The protocol used was that described by Cheng et
al., [8]. briefly, salting out was performed by the aéah of solid ammonium sulphate (Sigma- Aldrich Bbuis,

MO USA) in a 100 mL crude enzyme during continustiging to achieve 30% saturation and then cemgsfl to
remove the pellet. The crude enzyme was precipitbtmn the supernatant by the addition of solid amimm
sulphate with gentle stirring until 70% saturatiafipwed to stand for 12 h af@ and centrifuged at 6000 rpm for
10 minutes at room temperature. The pellet wasec@t and resuspended in 50mM Tris- HCI buffer §);
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dialyzed against 2 liters 50mM phosphate buffer §8) overnight 127 at ZC and continued for further 3 h after
changing the buffer.

DEAE Sephadex A-50 Chromatograph

The method used was essentially of Zhang et al. Tl ¢ column (1.0 x 35 cm) was packed with DE3&phadex
A-50 (Sigma-Aldrich St. Louis, MO USA) matrix andjulibrated with 50 mM Tris HCI buffer (pH 8.0). €h
dialyzed enzyme (10mL) was loaded, washed withtiew volumes (50 mL) of 50mM Tris- HCI Buffer (pHO$to

remove the free proteins and eluted with a gradiét1-1 M NaCl in 50mM Tris HCI buffer pH (8.0fractions
were collected at a flow rate of ImL/min. All theadtions were analyzed for keratinase activity byfgrming the
keratinase assay as described earlier.

Estimation of Protein

Protein concentration was measured by the methdsradford [9], using bovine serum albumin (BSA, (i8&-
Aldrich St. Louis, MO USA) as standard. The specittivity was expressed as the enzymatic act{idyper mg
of protein

Assessment of Purity and Estimation of Molecular weight of Purified Keratinase

SDS -PAGE (Sodium Dodecyl Sulfate Poly Acrylamidel Glectrophoresis) was performed according to Laém
[10] using BioRad mini gel electrophoresis appasaflihe molecular mass of the keratinase was cagcllay
comparing the electrophoretic mobilities of thetpino marker with the electrophoretic mobility ofra@nase.

Effect of Temperature on Keratinolytic Activity of Purified Enzyme

The purified keratinase (2Q0.) was added to 1mL keratin azure suspension atubated in shaking 150 incubator
at 37, 40, 45 and 8C at 200rpm for one hour. For the control 1mL kerazure suspension in the same buffer was
rotated for one hour at 37, 40, 45 and’&0at 200rpm and activity measured by keratinasayass

Effect of pH on Keratinolytic Activity of Purified Enzyme

The effect of pH on the keratinolytic activity wassayed at 3T using buffers of various pH ranging from pH 5.0
to 12.0. The effect of pH was studied by carrying thhe keratinase assay in the pH range of 3.0-Ugrly 50mM
buffers: pH 3.0-6.0 (citrate phosphate buffer) pB-8.0 (sodium phosphate buffer), pH 9.0-10.0 (glge NaOH
buffer), pH 11.0 (phosphate hydroxide buffer), gquttl 12.0 (hydroxide-chloride buffer). All chemicalgere from
Sigma-Aldrich St. Louis, MO USA. The activity waseasured using keratinase assay.

Hydrolysis of Protein substrates by Purified Keratinase

To determine the hydrolysis of protein substratephyified keratinase, the substrates (2% final eot@tion)
include bovine albumin (Research Organics, Cleanel@H. USA), Casein (Uni Chem, Greenville Califarni
USA), Collagen-I and Collagen-Ill ((Bio Trend, DiestUSA), Gelatin (Sigma- Aldrich St. Louis, MO USAnd
Keratin (MP Biomedicals, California USA) were in@ibd 37 C for 30 minutes with 200l purified keratinase and
activity was measured by keratinase assay.

Effect of I nhibitors on Keratinase Activity

The effect of different inhibitors on keratinolytaxctivity of purified enzyme was assessed aG7using 5mM
phenylmethylsulfonyl fluoride (PMSF), 10mM ethyleli@mine tetraacetic acid (EDTA) and 10mM mercuric
chloride (HgClI2). All chemicals were purchased fr@mgma-Aldrich St. Louis, MO USA. The 200purified
enzyme was incubated with 1mL of each inhibitoBafC for 10 minutes. After incubation, 1mL of keratimure
solution was added into each of the tubes andduititubated at 37C for one hour. For the control, 20®&nzyme
was incubated 172 with 1mL keratin azure solutior8& C for one hour. After incubation, the reactionsrave
stopped by adding 1mL of trichloroacetic acid (5%)he test and control tubes; centrifuged at 3p@0for 10
minutes. The supernatant was spectrophotometrigasured for the release of azo dye at 595nm i{eagth.

Psoriasis Scale Hydrolysis

Human psoriasis scales (5.0 g, obtained from d le@natology clinic) were autoclaved and incubaied? C for
24-72 h with 5mL (59 U/mL activity) crude enzymedaas control in 5mL basal salt medium as described
previously. After incubation, the tubes were obedrfor the hydrolysis of psoriasis scales and keasé -treated
and untreated scales were observed under microgg4pg
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Dehairing of Goat Skin

Skin of goat was obtained from local slaughter leoukhe skin was cut into 2x1 inch pieces and washi¢tl
distilled water and autoclaved. One piece of skaswlaced into a flask containing 500mL of crudeatirase
enzyme (59 U/mL activity) and another piece of skias placed into another flask as a control coirtgiBOOmML of
basal salt medium [7]. Then both flasks were intedban shaking incubator at 3T at 50rpm/min for 24 h. After
incubation the skin was observed for dehairing.

RESULTS

Screening of Proteolytic Bacteria from Soil Samples

B. subtilis produced zone of hydrolysis of 8mm on skimmed raijlar as shown in Fig. 1. This indicated thatBhe
subtilis possessed proteolytic activity. The activity i trude enzyme was also investigated using wellsidn
method in gelatin agar. The crude enzyme showea odrhydrolysis of gelatin hydrolysis as shown iig.R2,
indicating that proteolytic activity was indeed geat.

Fig. 1 Screening of Proteolytic Bacteria from Soil Samples

The figure shows zone of hydrolysis on skimmed raijar byB. subtilis after 24 h of incubation at 3.

Fig2 Screening of Proteolytic Activity of CrudeKeratinase

The figure shows zone of hydrolysis on gelatin agar after 24 h of incubation with crude keratinase at 37°C.
S= sample (crude keratinase), C= control (basal salt medium)
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Dehairing of Skin by the Enzyme

Dehairing of goat skin was observed as a resuteddtinolytic activity shown by the crude keratieand hair was
removed from the skin. It was noted that the démgistarted with in 12 h and complete removal waseoved after
24 hincubation. (Fig. 3 A, B and Fig. 4 A, B). Hever, the skin remained intact when visually inspec

Fig 3 Hair removal from goat skin by keratinase from B. subtilis
A B

A= Goat skin used asa control B=Hair removal from Goat skin (in 24 h)

Fig. 4 Dehairing activity on goat skin by keratinase from B. subtilis

F—
Control *
-
A= Goat skin in basal salt medium used asa control B=Initiation of de hairing on goat skin (in 12h)

Psoriasis Scale Hydrolysis

Keratinase enzyme &. subtilis hydrolyzed the scales as revealed by microscomybibger scales were converted
into small ones. Microscopic observation furtheowbd hydrolyzed cells that were separated fromstiades and
appeared singly indicating the potential keratinasévity (Table 1)

Table 1 Effect of Crude Keratinase from B. subtilison Human psoriases scales

CellsHPF | CellsHPF p-value
Timein hours Test Control (unpaired t-test)
(+/- SEM) | (+/-SEM) Two-tailed
24 44 (6 39(4.1 0.074:
48 86 (9.2) 41(6.3) 0.0002
72 93 (5.9) 51(4.7) 0.0053
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The human psoriases scales (5.0 g/50 mL) were atedbwith crude keratinase as described in masesat
methods. The table shows values in cells/HPF (lugtver field) under microscope. The values are fitwra
separate experiments.

Purification of Enzyme through DEAE- Sephadex-A50 Chromatography

Keratinase activity was detected from fraction 3 @owith peak activity in 8th fraction as determirtey keratinase
assay. The results of the purification steps arensarized in Table 2. The overall purification facteas about 38
fold, and the final yield was 45%. The final product laaspecific activity of about 460 U/mg.

Table2 Purification profile of Keratinase from B. subtilis

Seps chlrlr.lﬂn;e Total(eLxJ(;tivity Totaé rgé;)tein Speci[i';: nz;x(;:tivity Pu;g(i:tcﬁion vidd (%)
Crude (1) 250 2783 230 (0.92mg/ml) 121 1.0-fold 100
ASP (2) 50 1896 48 (0.96mg/ml) 39.5 3.2-fold 68
DEAE (3) Sephadex-A50 18 9200 20 (1.1mg/ml) 460 38fold 485

Steps: (1) Crude keratinase; (2) ammonium sulfegeipitation product; (3) chromatography product.

Determination of Molecular Mass of the Purified Keratinase

SDS-PAGE of the pooled fractions revealed a sibgled at position 30 kDa (Fig. 5) indicated that¢heyme was
purified to homogeneity

Fig. 5 SDS- PAGE of the Purified Keratinase Enzyme

Purified keratinase enzyme (pooled fractions frofh-50") was resolved by SDS-PAGE (10%) as described in

material and methods. The gel shows molecular wergdrker (lane 1 from left side) and purified kérase at 30
kDa position (lane 4 and 8).

Characterization of the Purified Keratinase Enzyme

Effect of Temperature

Fig. 6 shows the effect of temperature on the Hydi® of keratin azure by purified keratinase eneyfrom B.
subtilis. Enzyme showed the keratinolytic activity at diffiet temperatures viz 25, 37, 40 and @5but at 50 C,
declining enzymatic activity was found. The maximkenatinolytic activity (460 U/mg) was observed3at C.
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Fig. 6 Effect of temperature on keratinolytic activity of B. subtilis keratinase

Effect of Temperature on Keratinolytic activity of
B. subtilis keratinase

Specific activity

40

Temperature

The purified keratinase from &. subtilis was added tol keratin azure suspension and itedbat 37, 40 , 45 and
50° C as described in materials and methods. Pinkripeesents keratinolytic activity of keratinasediferent
temperatures. Yellow line represents the activitthie control at temperature tested.

Effect of pH

A range of pH from 5.0 to 12.0 was tested on thefipd keratinase enzymé&he enzyme exhibited maximum
keratinolytic activity (520 U/mg) at pH 10.0 foll@s by the 420 U/220 mg at pH 11 and activity wastbfrom
pH 8.0 to 11.0 (Fig.7).

Fig. 7 Effect of pH on keratinolytic activity of B. subtilis keratinase

Effect of pH on keratinolytic activity of B. subtilis
keratinase

Thefigure shows theffect of pH on keratinase enzyme. Keratinase asssyed at 3T using buffers of various
pH ranging from 5.0 to 12.0 as described in mate@ad methods. Pink line represents keratinolgtitivity of
keratinase at different pH. Yellow line represehts activity in the control at different pH tested
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Hydrolysis of Protein Substrates by Purified Keratinase

Table 3 shows the hydrolyzing activity of enzymediffierent protein substrates (bovine albumin, ogseollagen-

I, collagen-Ill, gelatin and keratin) by purifiecedatinase enzyme d. subtilis. It was observed that gelatin and
keratin were preferred substrates where greateynemzactivity was observed (540U/mL and 260 U/mL
respectively) followed by casein and bovine alburiio activity was found against collagen | and III.

Table 3 Hydrolysisof Protein Substrates by Purified Enzyme of B. subtilis

Keratinase | Specific

Protein substrate | Activity Activity | SD | SEM
Unit/ml Unit/mg

Bovine Albumir 17.5 14C 8.4¢ 6
Collagen-I 0 0 0 0
Collagen-Ill 0 0 0 0
Gelatin 67.5 540 4.24 3
Casein 20 160 2.8 2
Keratir 32.t 26C 9.9C 7

Values are mean of two separate experiments

Effect of I nhibitors on Keratinolytic Activity

We used PMSF (Phenyl Methyl Sulfonyl Fluoride; arse protease inhibitor) and EDTA (ethylene diamiewa
acetic acid; a metallo- protease inhibitor) foredetining the nature of purified keratinase. It voaserved that the
activity of purified keratinase produced frdBn subtilis was completely inhibited by HgCI2 (mercuric chl@jdas
compared to PMSF and EDTA (Table 4) where panihlhition was observed, indicating that the enzyfitenot
belong to serine or metalloprotease but a cystgiotease.

Table 4 Effect of Inhibitorson keratinase enzyme from B. subtilis

Residual Enzyme

Inhibitor Activity (%) SD | SEM
None 100 00 00
HgCh 00 00 00
PMSF 50 7.07 5
EDTA 75 2.83 2

Values are mean of two separate experiments
DISCUSSION

This study presents the keratinase production faonindigenous. subtilis strain isolated from Khairpur district
Sindh Pakistan. The screening study revealed that dtrain possessed keratinase activity. The tisolaof
keratinase enzyme has previously been reported Bdicheniformis. [11] as well as from otheBacillus species
[12-15]. Keratinase fromB. subtilis has been reported by Cheng et al. [5] howeverrésgnt study the keratiolytic
activity was accompanied with dehairing propertyhwit collagenolytic activity. Similar effects haa¢éso been
reported previously [16-18]. Scales of skin frompatient of psoriasis were partially converted isitigle cells when
incubated with crude keratinase. It is assumedahaine conditions aid in breaking disulfide lades and assist
rapid degradation of keratin. This indicated thas tactivity of the enzyme could further be emphbyer future
pharmaceutical applications Single band of resolwartfied protein on SDS-PAGE showed that the keese was
purified to homogeneity. The overall purificatioacfor was about 38 folénd the final yield was 45%. The final
product had a specific activity of about 464 U/mife estimated molecular mass of keratinase in ptestady
appeared to be 30kDa. Molecular masses of keratinasm 18 to 200 kDa have been reported in liteeaf5]. For
Bacillus species, they are of medium size, such as 33 BDiacheniformis) [11], and 24 kDa [19].

The complete mechanism of temperature control Zyme production is although not well understood];[20e
enzyme synthesis and energy metabolismBawillus is controlled by temperature and oxygen uptake T2le
keratinase enzyme activity was retained up tbG@nd thereafter declined. This indicated thatkiratinase from
this strain was thermotolerant. The scope of thislys was to evaluate thermostablity of the kerantherefore
activity assays at lower temperatures were notopadd. In published literature, temperature optforgprotease
production fromBacillus varied from 34 to 60° C depending on the bactestiedin used. It has been reported that
optimum temperature for maximum protease produdtioB. alcalophilus [21], B. pumilus [18], andBacillus sp.
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JB-99 [22] was in mesophilic to thermophilic rang®@sir study support previous reportsBasubtilis growth at 25°
C in present study was very slow that indicatedniesophilic nature of this strain (data not shown).

The pH is an important factor which affects thdutal function. The pH significantly determines atii¢ factors,
such as carbon availability [6] nutrient availayiland the solubility of metals [23, 24igher activity of keratinase
in present study was obtained at pH 10 where f@gtiowth, pH 7.0 was optimum. This showed thatBhaubtilis
was neutrophilic strain but the keratinase wasliglkic. A similar observation has been reportgdHan et al[13]
for different strains oBacillus. The high pH requirements for maximum proteasayction byBacillus sp. are
reported in literature [22 -24, and 25] which imsistent with our findings.

In present study, three enzyme inhibitors viz. HJGIMSF and EDTA were used to observe their effecthe
activity of keratinase from thB. subtilis. No complete inhibition was observed with EDTA and3F suggesting
that the protease was not a metallo-protease dnesguotease respectively. However, complete itibifiwith
HgCI2 occurred may be due to surfactant effecthenenzyme that categorized it as a cysteine pet&asostrate
specificity by keratinase frorB. subtilis was high for gelatin followed by keratin, caseindéovine albumin and
enzymatic activity was absent on collagen- | anliagen- 1l that is a desirable feature of a prete#or leather
industry. The keratinase dehaired the goat skihiw24 h at pH 8.0 and ambient temperature@7Earlier studies
with the dehairing protease froB1 subtilis S14 have reported elastase, keratinase and codlsgeactivities [14]
while the present enzyme had no collagenolytic ertigs. The enzyme used in dehairing process shuatide
collagenolytic in nature, so that hide matrix remsaintact. pH plays an important role in dehairprgcess [16].
Similar to our study, Annapurna et al. [17] hasorégd pH 10 for optimum dehairing activity of aregme isolated
from Bacillus sp. In general, the dehairing process requiresvigctof enzyme under alkaline condition; this
criterion was satisfied by keratinase froBn subtilis in our study and this novel enzyme could be used in
pharmaceutical applications and leather industrg as additives in animal feed to improve featheralme
digestibility.

CONCLUSION

Indigenous strailacillus subtilus was isolated identified and characterized for tfaglpction of keratinase enzyme.
This novel strain produced secreted, extracelkdaatinase at 37C, pH 7.0. Purified enzyme was highly active at
37° C and retained its activity up to 8@ and at alkaline pH 10- 12 (pH optima 11.0). PM#Bid EDTA partially
inhibited the enzyme while HgCI2 substantially tited the activity indicates that it is a cystep®tease. The
enzyme possessed good dehairing property andyaioilliydrolyze psoriasis scales. For the first time report this
new keratinase that is able to de-hair without wadsulfide. The processing time, as well as theaptivity range
and the avoidance of collagen damage, are propetiiat make this new enzyme an excellent candittate
industrial applications.
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