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ABSTRACT

The thermophilic proteases were purified from two different Bacillus strains HUTBS62 and HUTBS71. The two
strains showed variation in ability to grow at different pH-values and temperatures, pH 5-11 and 28-73°C
(HUTBS71) and pH 5-7 and 37-63°C (HUTBS62), respectively. The purified enzyme from the two different strains
also showed variation in  purification folds and %yields in different steps of purification methods. Ammonium
sulfate fractionation was achieved at 75-80% for HUTBS/1 and 55-60% concentrations for HUTBS62. The
purification fold and yield were 10-fold and 67% for strain HUTBS71, and 6.5-fold and 61% for strain HUTBS62,
respectively. Sephadex G-100 purification step achieved 40-fold purification and 16.7% yield from strain HUTBS71,
and 32-fold purification and 12% yield of protease from strain HUTBS62. DEAE ion exchange chromatography
step achieved 60-fold purification and 1.7% yield for strain HUTBS71, and 53-fold purification and 2% yield for
strain HUTBS62. The molecular weight of purified proteases from HUTBS71 and HUTBSG62was 49 kDa and 48
kDa, respectively.
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INTRODUCTION

Proteases (EC. 3.4.21-24 & 99) are a complex gofigmzymes collectively known as peptidyl-peptigeiolases.
They are responsible for the hydrolysis of peplidads in a protein molecule by the process of pigsés. Bacteria
belonging toBacillus species are the most important source of many coniahenicrobial enzymes [1]. Microbes
represent an excellent source of enzymes suchossages, because of their broad biochemical cleaisgd@]. These
proteases, especially froBacillus are the most widely exploited industrial enzymeghwnajor application in
detergent formulation [3], pharmaceutical, leath@undry, food, waste processing industries, chahsynthesis,
production of high fructose coayrup and polymerase chain reaction [4, 5, 6].

The importance of enzymes as source for induspalications has been well recognized and it wpsrted that
proteases count for nearly 65% of the total worldyene sales. They are classified according to thgimum pH
to acidic, neutral and alkaline proteases [7].

The aim of this study is to: (a) Phenotype theataa tested thermophilic bacteria; (b) Purify pasgeeenzymes from
thermophilic Bacillus strains HUTBS71 and HUTBS62 using three differemthods: (1) Ammonium sulfate
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fractionation, (2) Sephadex-G100 gel filtration) (3EAE ion exchange chromatography; and (c) Deteenthe
molecular weight of the purified enzymes.

MATERIALS AND METHODS

Organisms

Bacillus strains HUTBS62 and HUTBS71 were previously isadain Dr. Hazem Agel’s Microbiology Lab in the
Hashemite University. The water specimens were ilobth from Mai'ns hot-spring, Jordan. The colony
characteristics, cell morphology, Gram reactiong &iochemical tests of the two strains were deteechi They
were also screened for protease activity usingicaggar medium [8].

Enzyme production

For maximum production of protease each bactetialrswas left to grow in a medium containing tledwing:
0.5% (w/v) yeast extract, 1.0% (w/v) peptone, Qlsgtucose, 0.4 g/l N&PQ,, 0.085 g/l NaCO;, 0.02 g/l ZnSQ,
0.02 g/l Cad, 0.02 g/l MgSQ (Huanget al., 2006). Two thousand five hundred of the above iomedwas
inoculated with X of old bacterial culture and incubated in biorea¢Electrolab 351EMC, Switzerland) at 50°C
for 50 h under a continuous stir (at 150 rpm). Wexlium was adjusted to a pH 7.0. After completibgrowth, the
whole broth was centrifuged using (Universal 32ftidle, Germany) at 14000 x g for 30 min at 25°Cgl dme clear
supernatant was recovered and used for purification

Protein concentration
The protein concentration was determined accortbnthe method of Lowryt al. [9]; taking crystalline bovine
serum albumin as the standard.

Protease assay

The proteolytic activity of the enzyme was assayedriplicate usingcasein (Hi Media, India) as a substrate as
described by Huangt al. [7] where a mixture of 400 ul casein solutions (8%v) in 50 mM Tris-HCI buffer pH
7.2) and 100 ul of the sample were added to a flike.reactions were carried out at 65°C in wateh lgslemert,
Germany) for 10 min and then terminated by the tamidiof 1 ml 10% trichloroacetic acid (w/v). Thextire was
centrifuged at 14000 x g for 20 min in order to oz the precipitate formed. A 500 pl supernatarg werefully
removed to measure tyrosine content using a Fdlenpl method described by Michel and Francosi [10].

One unit of protease activity (U) was defined asamount of enzyme that hydrolyzed casein to predu@ pmole
of tyrosine per min at 65°C.

The number of units of protease activity per ml wakulated using the following equation: Unit’ st (umole of
tyrosine x reaction volume)/(sample volume x reactime xvolume assayed) = umoles trim™.

Ammonium sulfate precipitation

The microorganisms were grown for 50 h as descripediously. The cells were separated by centrifoga
(14000 x g, 30 min) and the supernatant was fraated by precipitation with ammonium sulfate. Thecipitates
between 30-90% for HUTBS71 and HUTBS62 were call@aising centrifuge at (14000 x g, 20 min). All the
subsequent steps were carried out 8€2Fhe pellet from each strain was dissolved imdd Tris-HCI buffer pH
7.2, dialyzed for 3 h against the same buffer, amcentrated by filter tube and concentration wasesed by
centrifugation of filter tubes at 14000 x g for dfn at room temperature and the active fractidaimed above the
filter was stored at°C for further study.

Sephadex G-100 gel filtration chromatography

The protein fraction obtained earlier were loadedooa column of Sephadex G-100 (1.5 cm x 27 cmiikg!
Switzerland) equilibrated with Tris-HCI buffer pH2Z The column was eluted with the same bufferfiiva rate of
0.5 ml min*; fractions with high protease activities were mablconcentrated using filter tubes, concentratias
achieved by centrifugation at 14000 x g for 15 mirroom temperature and active fraction was dtatefC for
further study.
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lon-exchange chromatography

Two ml of the active fractions collected earliedatoncentrated from gel filtration column were aggplonto the
DEAE Sepharose fast flow column equilibrated wsth mM sodium acetate buffer pH 4.8 or 50 mM TristHC
buffer pH 7.2 for fractions from strains HUTBS71daHUTBS62 respectively ; each column was washetd %0
column volumes of equilibration buffer; then prase and other proteins were eluted using 50 msAH@I buffer
pH 7.6 or 50 mM Tris-HCI buffer pH 8.6 for fractis of strain HUTBS71 and HUTBS62, respectively, afildw
rate of 0.5 ml mift was maintained at 0.5 ml mirand 3 ml fractions were collected.

Fractions active with protease were collected phalialyzed, and concentrated by filter tubes (afentrifugation
at 14000 x g for 15 min at room temperature) odiayysis against sucrose crystal for 2-3 h, thenest at 4°C for
further analysis

PAGE or SDS-PAGE electrophoresis

Poly-acrylamide gel electrophoresis (PAGE) or 8odDodecy! sulfatd?olyacrylamide gel electrophoresis (SDS-
PAGE) was done essentially as described by Laerfidl, using a mini-gel apparatus (80 mm x 60 mm
x 0.75 mm; 10 lanes), with 7.5% (w/v) polyacrylamideparating gel. A 0.1 (w/v) gelatin was included
separating gel for protease activity staining anlfPAGE. Protein molecular weight markers (Promedg8A) or
protease samples were applied. Electrophoresis caeged out at 100 mA for approximately 1.5 h ortilun
bromophenol blue tracking dye reached the bottothefgel. For protease activity staining, the geitaining 1%
gelatin was incubated at %7 in 50 mM Tris-HCI buffer pH 7.2 for 15 h, the pease caused hydrolysis of gelatin
included in the gel. Gel was then stained for girobands with Coomassie Brilliant Blue R-250 (Blad USA)
and distained with 10% acetic acid and 10% ethasalsual. In PAGE gel the clear bands againsttdg&ground
represent the site of active protease while SDSHP Afdtein bands are blue against a clear background

RESULTS

Phenotypic characteristics of the new isolates

The new isolates oBacillus species (HUTBS62 and HUTBS71) showed a variatiooalony morphology from
raised, smooth, circular and entire colonies tg flaugh, erose and raised colonies. The colomtdnies for both
strains was white. The Gram stain showed also tiamian the cell morphology and spore location frghort to

long thick rods, with central and sub-terminal gsorThe broth growth of the isolates showed orthefollowing:

Turbidity or layer at surface only. The optimum phlues and temperatures for growth of each strareywH 5-7
and 37-68C (HUTBS62), pH 5-11 and 28-73 (HUTBS71), respectively. Both strains hydrolyzeasein, starch
and gelatin (Table 1).

Ammonium sulfate fractionation

Detailed description of enzyme activity and protegmcentration in ammonium sulfate fractions arespnted in
Figure 1.Bacillus strain HUTBS71 showed two peaks of protease &gtithe maximum enzyme activity was found
in 75-80% saturation fraction, and the second wasreor protease activity peak was found at 55-6@8arstion
fraction. Ammonium sulfate fractionation resultedliO purification fold and 67% yield. Where&acillus strain
HUTBS62 showed two peaks of protease activity. aaimum enzyme activity was found in 55-60% satarat
and a second minor protease activity peak was fau@&-80% saturation. Ammonium sulfate fractiomatiesulted
in 6.5 purification fold with 61% yield.

Sephadex G100 gel filtration column

The elution profile of protease activity and prateoncentration from strains HUTBS71 and HUTBSG#esl from
Sephadex G100 gel filtration column is shown igufe 2. Gel filtration fractionation fdacillus strain HUTBS71
resulted in a higher peak around fraction 13 atwver peak around fraction 16; this gel filtratiparification step
resulted in 40-fold purification and 16.7% yield h&feas, gel filtration fractionation f@acillus strain HUTBS62
resulted in a single protease activity peak arofmadtion 15 and this purification step resulted 38-fold

purification and 12% yield.

lon exchange chromatography

DEAE Sepharose ion exchange chromatography coldatedefractions for both strains HUTBS71 and HUTRS6
is presented in Figure 3. FBacillus strain HUTBS71, two active protease peaks werélfrom the column: one
peak eluted at fraction 15 and the second pealectlat fraction 18. Sepharose fractionation resuie@0-fold
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purification and 1.7% yield. On the other handirgle peak was elute®acillus strain HUTBS62, around fraction
13 from the Sepharose column. this ion exchangenshatography fractionation step resulted in 53-faldlification
and 2% yield.

Polyacrylamide gel electrophoresis (PAGE and SDSAGE)

PAGE (7.5%) analysis was performed to evaluatefipation progress and the number of protease isorez
present in strain HUTBS71 and HUTBS62 and eacHipation step was examined by PAGE. The purificotgase
eluted from DEAE ion exchange chromatography columigrated as a single band in the native PAGE upon
protease activity staining for both HUTBS71 andHtwWTBS62. The result is presented in Figure 4.

SDS-Gel electrophoresis (7.5%) reveals that moégoukight of protease purified from HUTBS71 andUTHBS62
consists of a single subunit of 49 kDa and 48 kibgpectively. The result of SDS-gel electrophorisspesented in
Figure 5.

Summary of purification of protease

Protease was purified by ammonium sulfate fractiona Sephadex G100 gel filtration and DEAE ion lexcge
chromatography. Protease frdBacillus strain HUTBS71 was purified 57-fold and 1.7% ygeldhile, Bacillus
strain HUTBS62 was purified 53-fold with 2% yiel®urification summary of proteases from both strams
presented in Table 2.

Table 1. Bacterial colonial characterization, celmorphology, hydrolysis enzymes and other biochemittests.
Where WRSCE: white, raised, smooth, circular and etire colonies; WFREI: white, flat, rough, erose and
raised colonies; VP test: Voges-Proskauer test; TDA ryptophane diaminase; LDC: Lactate decarboxylasge
G+ve: Gram positive; G-ve: Gram negative.

Bacillus species strain

HUTBS62 HUTBS71
Optimum temperature 37-63C 28-73C
Optimum pH-values 5-7 5-11
Culture examination:
Colony morphology WRSCE WFREI
Broth growth Turbid Layer at surface

Microscopic examination:

Gram stain G+ve short, thick rods with central spore G+ve long, thick rods with central and subtermsyre.
Enzyme hydrolysis: +ve +ve
Casein +v +ve
Starch +ve +ve
Gelatin -ve +ve
Growth in 7% NacCl -ve +ve
Oxidase test -ve +ve
Indole test +ve -ve
VP test +ve -ve
TDA -ve +ve
LDC -ve +ve

Acid from glucose
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Figure-1. Protease activity and protein concentratin in ammonium sulfate fractions for bothBacillus strains

HUTBS71 and HUTBS62.
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Figure 2. Protease activities and protein concentteons in each fraction forBacillus strains HUTBS71 and
HUTBS62 eluted from Sephadex G-100 column.
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Figure 3.Bacillus strains HUTBS71 and HUTBS62 protease activity an@rotein concentration eluted from
DEAE-Sepharose column
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Figure 4. Polyacrylamide Gel Electrophoresis (7.5%jvith patterns of proteins isolated at different puification steps from
BacillusHUTBS71 and HUTBG62 strains stained for protease awity. 0.1% gelatin is included in the gel

HUTBS/1 strain: lane A gel filtration fraction lane B supernatant media; lane D ammonium sulfate fraction and lane G ion
exchange chromatography fraction.
HUTBSG2 strain: lane C media supernatant; lane E ammonium sulfate fraction; lane F gel filtration fraction and lane H ion
exchange chromatography fraction.

A B C D E

F G H

Figure 5. SDS-Polyacrylamide gel electrophoresif protease from HUTBS71 and HUTBS62. Lane A: puried protease
from HUTBS62; lane B: purified protease from HUTBS7L and Lane C : protein markers (25, 35, 50, 75, 10050 kDa).
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Table 2. Summary of Protease purification fromBacillus strains (a) HUTBS71 and (b) HUTBS62.
(@

I Volume Protein Enzyme activity | Total activity | Specific activity | Purification | Yield
Purification Steps m) | (mgmr (U ml L) (U mg?) fold (%)
Culture media 50 24 3.2 159 6.6 1 100
Ammonium sulfate (75%- 14 11.3 51 724 64 10 67
80%)
Sephadex G-100 12 3 59 717 267 40 14
DEAE — Chromatography 11 14 48 533 392 59 1.7
(b)
Purification Volume Protein Enzyme activity Total Specific activity Purification | Yield
steps (ml) (Uml? umlh activity (U) (Umg?h fold (%)
Culture media 50 22.5 6.4 321 14 1 100
Ammonium sulfate
(55%-60% ) 13 8 52 672 83 6.5 61
Sephadex G-100 12 15 57 679 453 32 12
DEAE-Chromatography 10 0.63 47 468 744 53 2
DISCUSSION

Thermophilic microorganisms secrete a numbers ofeptytic enzymes such as proteases with uniqupepties
that make these enzymes of special interest farsinidl application; its application is very broad is mainly used
in food and detergent industries [1Bhcillus species were considered as an ideal host for the induigir@duction

of the extracellular enzymes [13]. An extracellulanotease was isolated from cells of thermophBewillus
HUTBS71 and HUTBS62 strains which were isolatednfrthermal water of Mai'n hot spring and purified to
homogeneity by ammonium sulfate precipitatid@gphadex G-100 gel filtration chromatograptmjlowed by
Sepharose ion-exchange chromatography. Chasleal. [14] purified extracellular alkaline protease from
Aspergillus nidulans HA-10 in two-step procedures involving ammoniumfatié precipitation and sephadex G-100
column chromatography.

Electrophoresis studies revealed the presenceuwfdmtease bands secreted in the medium for eaaim svith
comparable R values and all bands were recovered by ammoniutfatsufractionation but at different
concentrations. The purified protease from the $tvains was the fast moving band. The discrepaetyden the
numbers of protease active fractions in column glatograms and native PAGE stained for proteaseitgcthay
represents an artifact such as a partially hydemyenzyme.

The purified proteases from HUTBS71 and HUTBS62raomomeric proteins. The molecular weight was estih
to be about 49 kDa and 48 kDa for HUTBS71 and HUGBStrains, respectively. Beguehal. [15] reported a
similar result for protease molecular weight fréseudomonas aeruginosa. Charleset al. [14] showed a molecular
weight of proteases frodsspergillus nidulans HA10 of 42 kDa.

The two new thermophilic proteases were purifiednfrtwo new differentBacillus strains HUTBS62 and
HUTBS71. Enzymes from both strains showed variatiofold purification, % yield and molecular massaeven
they differ from previous purified proteases frother Bacillus species.

Further work on effect of temperature, pH, therrabsity stability, metal ions and EDTA on activityis currently
under investigations.
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