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1. Intro duc tion

Ker a tin ases (EC 3.4.21/24/99.11) are ser ine or me tal lo pro teas es 

capa ble of degrad ing insol u ble struc ture form ing kerat i nous pro-

teins. Ker a tin ases accede to the bio con ver sion of kerat i nous wastes 

from leather and poul try indus tries into recov er able prod ucts such 

as feed stuffs, fer til iz ers, poly mers and in the pro duc tion of rare 

amino acids like ser ine, cys teine and pro line [1]. Bacil lus ker a tin-

ases are of inter est because of their effec tive ness in deg ra da tion of 

insol u ble kerat i nous sub strates [2]. Par tic u larly, Bacil lus li chen i for­

mis has been used for sev eral decades for the indus trial pro duc tion 

of a-amy lase and var i ous pro te ases. Sev eral strains of B. li chen i for­

mis have paved way for com mer cial i za tion of enzymes, par tic u-

larly the use of Bio re source Inter na tional’s (BRI) Ver sa zyme as feed 

addi tive for the improve ment of broiler yield [3].

Ker a tin ases from dif fer ent micro or gan isms vary in their prop er-

ties and they have been puri fied and char ac ter ized from dif fer ent 

native strains using mul ti step pro ce dures [4–7]. To over pro duce 

the ker a tin ase and to reduce the cost of extrac tion, mostly Esch e­

richia coli, Bacil lus sub til is and Pi chi a pas to ris strains have been used 

as the host with appro pri ate induc ible and con sti tu tive sys tems for 

the over ex pres sion and fur ther puri fi ca tion of recombinant pro teins 

[8–10]. Con ven tional ammo nium sul fate pre cip i ta tions fol lowed by 

anion exchange chro ma tog ra phy have been still used for puri fi ca tion 

of his ti dine-tag ker a tin ase from recombinant strains [11,12]. Recently 

sev eral work ers have reported Bacil lus mega te ri um based sys tem for 

the extra cel lu lar pro tein pro duc tion and fur ther affin ity chro mato-

graphic method for the recov ery of recombinant pro teins [13,14].

In our pre vi ous study, ker a tin ase gene of B. li chen i for mis MKU3 

has been cloned, and expressed in B. mega te ri um under xylose 

induc ible and a-amy lase pro moter and opti mized the con di tions 

for the pro duc tion [15,16]. How ever, the sta ble main te nance of 

recombinant plas mid in the host requires selec tion via expen-

sive anti bi ot ics. Espe cially, in indus trial pro duc tion pro cesses, this 

cost-inten sive pro ce dure is not desired and there fore, the sta ble 

inte gra tion of the com plete expres sion con struct into the chro mo-

some of the host is essen tial. In this direc tion, sev eral indus trial 

yeasts have been devel oped as recombinant host sys tems for the 

com mer cial pro duc tion of het er ol o gous pro teins [17]. One of the 

most com monly used sys tems is the meth y lo troph ic yeast P. pas­

to ris. Hence, in this study sta ble strain of P. pas to ris with ker in its 

chro mo some was devel oped to improve the ker a tin ase pro duc tion. 

Con sid er ing the potential use of this enzyme in bio tech no log i cal 

pro cesses and the fact that ker a tin-degrad ing mech a nism is still 

not well under stood, we report here the puri fi ca tion and char-

ac ter iza tion of a his ti dine-tagged ker a tin ase from recombinant 

P. pas to ris and B. mega te ri um strains.
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The ker a tin ase gene from Bacil lus li chen i for mis MKU3 was cloned and suc cess fully expressed in Bacil lus mega­

te ri um MS941 as well as in Pi chi a pas to ris X33. Com pared with par ent strain, the recombinant B. mega te ri um 

pro duced 3-fold increased level of ker a tin ase while the recombinant P. pas to ris strain had pro duced 2.9-fold 

increased level of ker a tin ase. The ker a tin ases from recombinant P. pas to ris (pPZK3) and B. mega te ri um MS941 

(pWAK3) were puri fied to 67.7- and 85.1-folds, respec tively, through affin ity chro ma tog ra phy. The puri fied 

ker a tin ases had the spe cific activ ity of 365.7 and 1277.7 U/mg, respec tively. Recombinant ker a tin ase from B. 

mega te ri um was a mono meric pro tein with an appar ent molec u lar mass of 30 kDa which was appro pri ately 

gly cos yl ated in P. pas to ris to have a molec u lar mass of 39 kDa. The ker a tin ases from both recombinant strains 

had sim i lar prop er ties such as tem per a ture and pH opti mum for activ ity, and sen si tiv ity to var i ous metal ions, 

addi tives and inhib i tors. There was con sid er able enzyme sta bil ity due to its gly co syl a tion in yeast sys tem. At 

pH 11 the gly cos yl ated ker a tin ase retained 95% of activ ity and 75% of its activ ity at 80 °C. The puri fied ker a tin-

ase hydro lyzed a broad range of sub strates and dis played effec tive deg ra da tion of ker a tin sub strates. The Km 

and Vmax of the ker a tin ase for the sub strate N-suc ci nyl-Ala-Ala-Pro-Phe-pNA was found to be 0.201 mM and 

61.09 U/s, respec tively. Sta bil ity in the pres ence of deter gents, sur fac tants, metal ions and sol vents make this 

ker a tin ase suit able for indus trial pro cesses.
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2. Mate ri als and meth ods

2.1. Strains, plas mids, enzymes and growth media

The strain B. li chen i for mis MKU3 main tained in our lab o ra tory 

hav ing high ker a tin o lyt ic activ ity was used as source for ker a tin-

ase gene [15]. E. coli Top10 was used for clon ing, trans for ma tion 

and prop a ga tion of plas mids. The plas mid pPICZaA and P. pas to ris 

strain X33 were used in clon ing and anal y sis of recombinant pro-

tein expres sion (Invit ro gen, CA, USA). Bac te rial strains were grown 

in low salt Luria Ber tan i (LB)1 medium (pH 7.5) and Pi chi a strains 

were grown in yeast pep tone dex trose (YPD) medium. Whenever 

needed, the medium was sup ple mented with 25–100 lg/ml of 

zeo cin. The recombinant B. mega te ri um MS941 (pWAK3) devel-

oped in our ear lier study was used for the pro duc tion of ker a tin ase 

[16]. All enzymes for DNA manip u la tion were pur chased from MBI 

Fer men tas (Opelst rasse, Ger many).

2.2. Clon ing of ker gene in Pi chi a pas to ris strain

The prim ers Kpn Ker propF 59-GGAGGTACCGCTCAACCGGCGAAA 

AATGTT-39 and Not KerR 59-CGAGCGGCCGCTTGAGCGGCAGCTTC GA 

C ATT GAT-39 were used to amplify DNA frag ment of 1053 bp c™or-

re spond ing to pro ker a tin ase with out native sig nal pep tide of 

B. li chen i for mis MKU3 with stan dard PCR con di tions described in 

our ear lier work [15]. After diges tion of the PCR prod uct, the DNA 

frag ment was cloned into the KpnI and NotI sites of pPICZaA and 

trans formed into E. coli Top10. All DNA iso la tion and gel extrac-

tion were per formed using kit and accord ing to the man u fac-

turer’s instruc tion (Qiagen, Hil den, Ger many). The trans for mants 

were plated on low salt LB con tain ing 25 lg/ml zeo cin and positive 

col o nies were selected to pre pare plas mid for yeast trans for ma-

tion. The elec tro com pe tent cul ture of P. pas to ris strain X33 (mut+) 

was trans formed by intro duc tion of the SacI digested, lin e ar ized 

recombinant plas mid into these cells using the Easy Se lect Pi chi a 

Expres sion sys tem (Invit ro gen, CA, USA) by elec tro por a tion using 

BTX (ECM399, Ger many) accord ing to man u fac turer’s instruc tion. 

Trans formed cells were selected on YPD sor bi tol (YPDS) agar plates 

con tain ing zeo cin (100 lg/ml). After 48 h of incu ba tion at 28–30 °C, 

the col o nies were screened for the inte grants with cloned gene in 

its chro mo some.

2.3. Expres sion of recombinant ker a tin ase

Pi chi a pas to ris trans for mants were inoc u lated into 25 ml of 

 buf fered com plex medium (BMGY) con tain ing (w/v); yeast 

extract—1%; pep tone—2%; yeast nitro gen base (YNB)—1.34%; 

 bio tin—4 £ 10¡5% and glyc erol—1% with 100 mM phos phate buffer 

pH 6.0). The pre cul tures were grown on an orbi tal shaker (250 rpm) 

at 30 °C to an OD600nm of 2–6. The cells were har vested by cen tri-

fu ga tion at 3000g for 5 min and resus pended in 50 ml of BMMY 

medium (the same as BMGY, except that glyc erol was replaced by 

meth a nol 0.5% (v/v) in 500 ml of Erlen meyer flasks. The cul tures 

were grown at aer o bic con di tions. To main tain meth a nol induc tion 

of the AOX1 pro moter, 0.5% (v/v) meth a nol was fed every 24 h dur-

ing the fer men ta tion period. Cul ture ali quots (1 ml) were col lected 

every 24 h and the cells were removed by cen tri fu ga tion 8000g for 

10 min. The opti mum con di tions used for the expres sion of ker a-

tin ase in B. mega te ri um MS941 (pWAK3) were as reported ear lier 

 1 Abbre vi a tions used: LB, Luria Ber tan i; YPD, yeast pep tone dex trose; BMGY, buf-

fered com plex medium; YPDS, YPD sor bi tol; YNB, yeast nitro gen base; SDS–PAGE, 

sodium dode cyl sul fate–poly acryl amide gel elec tro pho re sis; EDTA, ethy len edi-

am in etetr ace tic acid; PMSF, phen yl meth yl sul fonyl fluo ride; PCMB, p-chlo ro-

mercuribenzo ate; DTT, dith othre i tol; b-ME, b-mercap toethanol; DMSO, dimethyl 

sulf ox ide. 

[16]. The recombinant B. mega te ri um strain was grown at 37 °C for 

36 h in LB tet ra cy cline medium.

2.4. Enzyme puri fi ca tion

Recombinant B. mega te ri um MS941 and P. pas to ris strains were 

grown in opti mized con di tions. The cells were sep a rated by cen-

tri fu ga tion (8000g for 15 min at 4 °C) and the super na tant was 

con cen trated by ultra fil tra tion (MW cut off, 10 kDa, Amersham 

Bio Sci ences, UK). Puri fi ca tion of recombinant ker a tin ase was 

car ried out at 22 °C in a Fast Pro tein Liquid Chro ma tog ra phy sys-

tem (Amersham Pharmacia Bio tech, Pis cat a way, NJ). The cul ture 

super na tant con tain ing His-tagged ker a tin ase was passed through 

the charged Hi Trap col umn (5 ml) and washed with 10 col umn 

vol umes of start buffer (20 mM sodium phos phate with pH 7.4, 

500 mM NaCl and 10 mM imid az ole). The bound pro teins were 

eluted by a lin ear gra di ent from 0 to 500 mM imid az ole in elu tion 

buffer con tain ing 20 mM sodium phos phate (pH 7.4) and 500 mM 

NaCl. Frac tions (2 ml) were col lected, dia lyzed and assayed for ker-

a tin ase activ ity.

2.5. Pro tein esti ma tion

The pro tein con tent of the enzyme prep a ra tion was esti mated 

by the method of Lowry et al. using bovine serum albu min as the 

stan dard [18].

2.6. Pro te ase and ker a tin ase assay

Pro te ase activ ity was deter mined under stan dard con di tions 

using az oc a sein (Sigma–Aldrich Chi mie, St. Quen tin Fal la vier, 

France) hydro ly sis [19]. Ker a tin ase activ ity was deter mined by the 

method of Bres sol lier et al. using ker a tin azure (Sigma–Aldrich 

Chi mie, St. Quen tin Fal la vier, France) as sub strate [20]. Chicken 

feather, casein, BSA and gel a tin 1% (w/v) were incu bated in the 

above assay buffer with ker a tin ase for 6 h with con stant agi ta-

tion. Pep tide lib er a tion was mea sured photo met ri cal ly at OD280nm 

in the super na tant after the addi tion of 20% (v/v) tri chlo ro ace tic 

acid. One unit (U) of enzyme activ ity was defined as the amount 

of enzyme required to cause an increase of 0.01 absor bance at 

280 nm in 1 h [21]. The col lag e no lytic activ ity was deter mined at 

OD520nm with 5 mg of azo coll (Sigma–Aldrich Chi mie, St. Quen tin 

Fal la vier, France) per ml in 50 mM potas sium phos phate buffer, pH 

7.8 [22]. The syn thetic sub strate used in this study (Sigma–Aldrich 

Chi mie, St. Quen tin Fal la vier, France) was prepared as stock solu-

tions in DMSO: 20 mM N-suc ci nyl-Ala-Ala-Pro-Phe-pNA (AAPF). 

The enzy matic reac tions were car ried out with puri fied ker a tin-

ase in 88 mM Hepes buffer (pH 7.5) at 37 °C using dif fer ent con-

cen tra tions (100–600 lM) of AAPF. The hydro ly sis of pep tides was 

mon i tored spec tro pho to met ri cally at 410 nm for p-NA pep tides. 

The hydro ly sis was fol lowed con tin u ously and the ini tial veloc i ties 

were deter mined. The val ues of Michae lis–Men ten con stant (Km) 

and max i mal veloc ity (Vmax) were cal cu lated.

2.7. Elec tro pho retic meth ods

Active frac tions were pooled, dia lyzed and the purity of the 

enzyme was con firmed by Sodium dode cyl sul fate (SDS)–poly-

acryl amide gel elec tro pho re sis (PAGE) per formed with 12% poly-

acryl amide gels as described by Lae mmli [23]. Molec u lar weight 

mark ers (molec u lar weights 2.3–212 kDa; New England Bio labs, 

UK and 10–250 kDa rain bow marker; Amersham Bio sci ences, 

UK) were included, and the gels were stained with Coomassie 

bril liant blue R-250 and Schiff’s reagent [24]. Puri fied ker a tin-

ase 4–5 lg was degly co sy lated using 1 U of Endo gly co si dase 

Hf for 2 h at 37 °C accord ing to the man u fac turer’s instruc tions 
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