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Abstract Two strains of Bacillus, one from a culture

collection (B. subtilis ATCC 6633) and a wild type

(Bacillus sp. UFLA 817CF) isolated during coffee fer-

mentation in the south of Minas Gerais, Brazil, were

evaluated in relation to secretion of alkaline proteases. The

strains were grown on nutrient broth, nutrient broth with

sodium caseinate and nutrient broth with three different

concentrations of cheese whey powder for 72 h. Samples

were collected at 24-h intervals to evaluate the proteolytic

activity, protein content and cell population. Maximum

protease activity was observed after 24-h growth for both

the microorganisms, a period that coincided with the end of

the exponential phase. The specific activity values were,

respectively, 839.8 U/mg for B. subtilis ATCC 6633 and

975.9 U/mg for Bacillus sp. UFLA 817CF. The 60% sat-

uration presented the best results for specific protease

activity in all the growth culture media tested with B. sp.

UFLA 817CF. Bacillus sp. UFLA 817CF showed highest

enzymatic activity at pH 9.0 and 40�C in the three culture

media tested. The protease obtained from culture of the

wild Bacillus strain presented stability at pH 7.0 and con-

siderable heat stability at 40�C and 50�C, and could be an

alternative for the industry to utilize cheese whey to pro-

duce proteolytic enzymes.
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Introduction

Proteolytic enzymes can be secreted across the cytoplasmic

membrane and cell wall. These extracellular enzymes are

synthesized by diverse groups of microorganisms, includ-

ing fungi, yeasts and bacteria. Among extracellular alkaline

proteases, those from Bacillus species have wide use and

importance in several industrial sectors, such as the food

(dairy, Razak et al. (1994); obtaining of protein hydroly-

sates, Carreira et al. (2004) and Soares et al. (2007)),

leather (Takami et al. 1992; Giongo et al. 2007), detergent

sectors (Ito et al. 1998; Hadj-Ali et al. 2007) and in the

synthesis of biologically active peptides (Kumar and

Bhalla 2005). The genus Bacillus is one of the most

important extracellular protease producers (Harwood 1992;

Sarvas et al. 2004). About 75% of world sales for industrial

enzymes application are hydrolytic enzymes, of which

proteolytic enzymes correspond to 60%. Alkaline proteases

account for approximately 25% of the world enzyme

market. The majority of the commercially available alka-

line proteases are derived from Bacillus strains, which are

recognized as important sources of this enzyme because

their ability to secrete large amounts of proteinases show-

ing high activity and stability. These proteases secreted by
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Bacillus sp. show activity over a wide range of pH (7.0–

11.0) and temperature (30–60�C) (Horikoshi 1999; Joo

et al. 2002; Gupta et al. 2002a).

Natural and spontaneous fermentation is a rich source

for new microorganisms with potential industrial or com-

mercial value. The genus Bacillus is a taxon with broad

distribution in diverse environments and has been the

subject of attention for application of its members in bio-

technology. These bacteria are relatively easy to isolate and

they are also able to grow in both complex and synthetic

media (Johnvesly and Naik 2001). It is known that the

amount of enzyme produced varies greatly with strain and

growth conditions, in which the cultivation medium is an

important parameter. In order to obtain high yields of

protease it is necessary to plan and test media and culti-

vation conditions for wild strains (Anwar and Saleemuddin

1998). Due to the potential uses of proteases, there is a

need for the search of new strains of bacteria that produce

proteolytic enzymes with novel properties and the devel-

opment of low cost media. According to Hinman (1994),

almost 40% of costs for the enzyme production are due to

the cost of growth substrate. The use of complex medium

for protease production by Bacillus has been reported in

many scientific works. Such medium can be derived from

industrial effluents or alternative sources as substrate for

growth of Bacillus, including nug meal (Gessesse 1997),

shrimp and crab shell powder (Yang et al. 2000), fish flour

(Ellouz et al. 2001), amaranth seed meal (Pastor et al.

2001), soybean meal (Joo et al. 2002; Joo and Chang

2005), chicken feather (Gessesse et al. 2003) and arrowroot

(Kumar and Parrack 2003). Cheese whey is a byproduct

obtained from cheese manufacture, as supernatant from the

precipitation of the casein in milk. It is a complex sub-

strate, rich in proteins and carbohydrates (lactose) and

contains considerable concentrations of vitamins and

minerals. Cheese whey corresponds to about 90% of the

milk volume, containing 20% of the soluble proteins and

50% of the other nutrients (Siso 1996). In Brazil cheese

whey is still an effluent of concern. It is estimated that only

15% of the cheese whey produced annually, about

70.000 tons, is used in other industrial sectors (Capitani

et al. 2005). Cheese whey has been used for several pur-

poses, mainly in the food industry (Wit 1998). Some

researchers have used cheese whey as substrate for

microorganism growth for biotechnology purposes to

obtain yeast cells, enzymes and polysaccharides (Cham-

pagne et al. 1990; Kawahara and Obata 1998; Kumar et al.

1999; Ghaly et al. 2003), and this is an alternative for its

use. The objective of this study was to investigate the

production of extracellular alkaline protease from Bacillus

sp. UFLA 817CF isolated from coffee beans with signifi-

cant protease activity, grown in culture medium with

different amounts of cheese whey powder added as

enzymatic inducer and the partial characterization of the

enzyme.

Materials and methods

Growth of microorganisms and enzyme production

The two strains of bacilli tested were Bacillus subtilis

ATCC 6633, acquired from the Tropical Culture Collection

at the André Tosello Foundation, Campinas, Brazil, and

Bacillus sp. UFLA 817CF, isolated from coffee beans

(Silva et al. 2000) that is part of the microorganism col-

lection at the Microbial Physiology Laboratory of the

Biology Department at the Federal University of Lavras,

Minas Gerais, Brazil. The pure cultures were kept in

nutrient agar at 4�C. For inoculation into the media to be

tested, the microorganisms were previously incubated in

nutrient broth for 24 h at 28�C. Then 3 ml of this culture

with 108 c.f.u./ml population were inoculated into 500-ml

Erlenmeyer flasks containing 300 ml of the culture med-

ium to produce proteolytic enzymes. The flasks were

incubated in an orbital incubator at 28�C and 150 rev/min.

The culture media used were NB (nutrient broth, Difco),

NBC (NB plus 0.01% w/v sodium caseinate, Sigma-

Aldrich), NBW1 (NB plus 0.01% w/v cheese whey powder,

Prolacteos Dairy Industry, Contagem, MG, Brazil), NBW2

(NB plus 0.1% w/v cheese whey powder) and NBW3 (NB

plus 1% w/v cheese whey powder), with initial pH 7.0.

Samples of 10 ml were collected at 24, 48 and 72 h to

determine the total proteins and proteolytic activity

(supernatant obtained from centrifuging the sample at

6,0009g a 4�C for 15 min). The determinations were made

in triplicate, and the results presented as the mean obtained.

The Scott-Knott test was used with 5% significance to

assess statistical differences in the protease production in

the different culture media tested.

Protein quantification

Protein concentrations in the supernatant previously cited

were measured spectrophotometrically at 595 nm by the

Bradford dye-binding method, using bovine serum albumin

(BSA, Merck, Germany) as a standard and Bradford

reagent from Sigma-Aldrich.

Protease assay

The alkaline proteolytic activity was determined by

hydrolysis of casein. The culture broth was harvested by

centrifugation (Sigma AK-15) at 6,0009g and 4�C for

15 min. Aliquots of 500 ll of 0.5% (w/v) casein solution

(Sigma-Aldrich) in Tris-HCl buffer (50 mM, pH 9.0) was
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mixed with 250 ll of diluted supernatant and hydrolysed

under 37�C, pH 9.0 for 30 min. The reaction was stopped

by adding 500 ll of 10 % (w/v) trichloroacetic acid solu-

tion (Merck) and the mixture was centrifuged at 150009g

for 15 min at 4�C, and absorbance of the supernatant was

measured at 275 gm with a UV–VIS spectrophotometer

(Shimadzu UV-1601 PC). One unit protease (U/ml) activ-

ity was defined as the activity that liberates 1 lg of tyrosine

per minute (lg Tyr 9 ml-1 min-1) under described con-

ditions (Çalik et al. 2002; Kumar 2002).

Enzyme precipitation

The supernatant from the crude extracts obtained from the

different culture media tested were precipitated with

ammonium sulfate at concentrations of 40, 60 and 80%

saturation (Scopes 1994). The tests were carried out in

quadruplicate. After adding ammonium sulfate, the sample

was carefully homogenized and chilled at 4�C for 2 h,

before centrifuging at 6,0009g for 15 min at 4�C. The

precipitate was resuspended in a four volumes of 50 mM

Tris-HCl buffer, pH 9.0, supplemented with 5 mM CaCl2
and transferred to dialysis membranes (cut-off 18 kDa).

The membranes were immersed in 50 volumes of the same

buffer and dialysis occurred for 24 h at 4�C, with buffer

solution renovation every 8 h. Enzymatic activity, stability

at different pH values and temperature and electrophoresis

in polyacrylamide gel tests were carried out on the recov-

ered precipitates.

Effect of temperature and pH on enzymatic activity

The enzymatic fractions obtained from saturation with

ammonium sulfate at 60%, in the NB, NBC, NBW1 culture

media, were incubated as different temperatures (30, 40,

50, 60 and 70�C) and pH, using the citrate 100 mM (3.0

and 5.0), phosphate 50 mM (7.0), Tris-HCl 50 mM (9.0)

and Glycine-NaOH 100 mM (11.0) buffers to assess the

enzymatic activity. The optimum temperature was deter-

mined by verifying the protease activity on casein at

pH 9.0.

To assess the ideal pH, a 0.5% (w/v) casein solution was

prepared in the buffers and pH values above and incubated

at 37�C to later quantify the enzymatic activity. The heat

stability at different pH was verified in the 60% saturation

fraction of the NB culture medium in both the bacilli. In the

heat stability study, the enzyme was pre-incubated, without

adding substrate, at 40, 50 and 60�C for 120 min. Samples

were removed to at 30, 60, 90 and 120 min to determine

the residual proteolytic activity on casein at pH 9.0. The

stability of the enzyme at different pH values was verified

by incubating the enzyme, without substrate, at the pH

values reported above, for 24 h at 40�C, before

determining the residual proteolytic activity at 37�C,

pH 9.0 (Kumar 2002; Tremacoldi and Carmona 2005). The

electrophoretic profile of the enzymatic fractions precipi-

tated in ammonium sulfate was verified by SDS-PAGE,

using methodology according to Laemmli (1970). Separa-

tion gel at 12.5% (SDS 10%) was used in Tris-HCl pH 8.8

and 5% gel concentration. The crude extract was previ-

ously freeze dried and 25 ll of the treated sample were

added to the gel. The electrophoretic run occurred for 4 h

with a 20 mA current. Coomassie Brilliant Blue R-250

0.1% (w/v) was used for staining, diluted in a solution of

methanol/acetic acid/water (5:1:5, by vol.).

Results and discussion

Proteolytic activity in the crude extract

Two Bacillus strains were compared regarding protease

production when submitted to growth in five culture media:

nutritient broth, as base culture medium, and four different

supplementations, using, as protease synthesis inducers,

0.01% sodium caseinate (w/v) and cheese whey powder at

concentrations of 0.01%, 0.1% and 1.0% (w/v). The two

Bacillus strains tested maintained populations varying

between 1.1 and 7.2 9 107 c.f.u./ml for Bacillus sp. UFLA

817CF and between 8.8 and 25.0 9 107 c.f.u./ml for the B.

subtilis ATCC 6633 culture (Fig. 1) during the 72 h that

the experiment was carried out in the culture media tested.

The Bacillus sp. UFLA 817CF populations decreased in

function of time in the NB and NBC medium while in the

NBW1, NBW2 and NBW3 media the population increased

after 72 h, reaching the maximum growth value of

7.2 9 107 c.f.u/ml for the NBW3 medium (Fig. 1a).

Decrease in population as a function of time was also

observed in the B. subtilis ATCC 6633 in most of the

culture media, except for the NBC culture medium, where

the maximum population, 17.6 9 107 c.f.u./ml, was

observed at 48 h (Fig. 1b).

Alkaline protease activity varied with incubation time

and the type of culture media in which the Bacillus isolates

were cultivated (Fig. 1a and 1b). Within the culture media

tested, NB was shown to be the best producing source of

alkaline protease. This culture medium was reported by

Hanson et al. (1964) for enzyme production by B. subtilis.

Maximum protease activity was observed after 24 h growth

for both the microorganisms (Fig. 1a and 1b), a period that

coincided with the end of the exponential phase (data not

shown). The specific activity values were, respectively,

839.8 U/mg for B. subtilis ATCC 6633 and 975.9 U/mg for

B. sp. UFLA 817CF. Mehrotra et al. (1999) and Patel et al.

(2006) studied alkaline protease production by Bacillus

species isolated from soil and seawater respectively also
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obtained best results after 24 h of cultivation. The enzy-

matic activity observed in the NB, NBC and NBW1 media

decreased after 48 h for the two isolates assessed in this

study. However, an increase in the enzyme activity was

observed when the microorganisms were cultivated in the

NBW2 and NBW3 culture media. The increase in the

activity in these two culture media after 48 h may be

associated to the catabolic repression in the first 24 h of

culture, because the culture media contained a higher

concentration of cheese whey powder, which is a material

rich in carbohydrates (75% w/w lactose) and proteins (13%

w/w). Excess protein may stimulate protein synthesis reg-

ulators of the GlnR (global nitrogen regulatory protein)

type that repress the metabolic activity of B. subtilis (Fisher

1999). Regarding lactose, data in the literature states that B.

subtilis cannot use it as a single carbon source, due to the

deficiency in the transport and degradation systems.

However, it has a lacA gene that can codify b-galactosi-

dase in function of stress conditions (Stülke and Hillen

2000). This nutritional stress may justify the low enzymatic

activity observed in the NBW3 medium, containing 1%

cheese whey powder (Fig. 1a,b). The proteolytic activity of

the standard strain was less than that of the wild strain, 97.2

U/mg and 105.6 U/mg, respectively. The growth pattern of

the Bacillus sp. UFLA 817CF strain in the NBW1, NBW2

and NBW3 culture media showed that the adaptation phase

to the conditions of the culture medium also interfered in

the population. Kumar et al. (1999) observed that a con-

centration of 1% of cheese whey powder supplemented

with organic and inorganic carbon sources and organic

nitrogen sources presented a better response regarding

alkaline protease activity. The presence of sodium casei-

nate and the cheese whey proteins used in this study did not

stimulate an increase in the proteolytic activity. This result

was also reported by Patel et al. (2006), when they used

0.5% (w/v) casitone (partially hydrolysed casein) and by

Joo and Chang (2005) who added 1% casein as supplement

in a chemically defined culture medium in Bacillus sp.

culture. In a previous study, these authors reported that the

addition of 1% casein to supplement TSB medium, favored

alkaline protease activity of a new Bacillus species by

30%, called B. horikoshii (Joo et al. 2002). For the stan-

dard B. subtilis ATCC 6633 strain, the NBW1 culture

medium (Fig. 1b) induced greater enzymatic activity than

the NBC culture medium (used as standard inducer) in

24 h, respectively, 555.1 U/mg and 417.7 U/mg. There

were no significant differences for the wild strain (Fig. 1a),

in the same time, in the proteolytic activity between the

NBW1 and NBC culture media.

Enzyme assay in ammonium sulfate fractions

The supernatants obtained in the five media tested, from

both the cultured microorganisms, were precipitated with

ammonium sulfate at 40%, 60% and 80% saturation. To

culture Bacillus sp. UFLA 817CF, the 60% saturation

presented the best results from protease specific activity in

all the growth culture media tested. Kim and Kim (2005)

and Zvidzai and Zvauya (2001) also reported a greater

enzymatic activity in the 60% ammonium sulfate fraction

when they purified B. subtilis protease. The maximum

enzymatic activity for Bacillus sp. UFLA 817CF was

observed in the precipitation obtained from the culture in

NB culture medium (926.4 U/mg), while the lowest

activity (437.4 U/mg) was reported in the NBW3 medium

(Table 1). This result, nevertheless, exceeded the best

results obtained for B. subtilis ATCC 6633 culture at the

three saturations tested (Table 1). It was also observed for

Bacillus sp. UFLA 817CF, that the NB culture medium

also presented greater proteolytic activity at the 40% and

80% fractions compared to the other culture media tested,

692.7 and 557.7 U/mg, respectively. The fraction obtained

with 60% saturation also presented best activity for the

Bacillus subtilis ATCC6633 strain in most of the culture

Fig. 1 Specific proteolytic activity (continuous line) and growth

(discontinuous line) by Bacillus sp. UFLA 817CF (a) and Bacillus
subtilis ATCC 6633 (b) cultivated for 72 h in nutrient broth (NB ¤ ),

nutrient broth plus 0.01% (w/v) sodium caseinate (NBC j), nutrient

broth plus 0.01% (w/v) cheese whey powder (NBW1 m), nutrient

broth plus 0.1% (w/v) cheese whey powder (NBW2 d) and nutrient

broth plus 1% (w/v) cheese whey powder (NBW3 *)
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media tested (Table 1), except for the NBW1 medium,

where the highest proteolytic activity value, 232.5 U/mg,

was observed in the 40% fraction. In the 60% saturation

fractions, the greatest enzymatic activity values were

observed in the NBW2 (300.5 U/mg) and NBW3 (296.0 U/

mg) culture media. All samples from 80% saturation pre-

sented the lowest proteolytic activity values for both the

microorganisms.

Effect of temperature and pH on enzyme activity

and stability

The 60% saturation fractions with ammonium sulfate in the

NB, NBC and NBW1 culture media of both the microor-

ganisms were tested for optimal pH and temperature for

enzymatic activity. Relative activity was used to compare

the cultures, regarding the best pH and temperature, taking

as 100% the activity of B. sp. UFLA 817CF in the NB

culture medium (Table 1). Figure 2a shows the results of

the enzymatic activity as a function of variation in pH, for

both the microorganisms, in the three culture media that

best represented specific activity. Bacillus sp UFLA 817CF

presented greater enzymatic activity at pH 9.0 in the three

culture media tested. In the fraction obtained from the NB

culture medium, with greater activity, this strain main-

tained about 80% activity at pH 7.0 and over 60% at pH

11.0. This optimum activity at values close to 9.0 is

characteristic of alkaline proteases (Rao et al. 1998; Kumar

and Takagi 1999). Similar values were reported by

Gessesse et al. (2003) and Giongo et al. (2007), when

culturing Bacillus isolates and by Tremacoldi et al. (2007)

when culturing Aspergillus clavatus. The highest proteo-

lytic activity at pH 9.0 was observed when the fractions

precipitated with ammonium sulfate were incubated at

40�C for both the microorganisms in the three culture

media tested (Fig. 2b). Optimum alkaline protease activity

at 40�C was also detected by other authors when using

Bacillus sp. strains (Singh et al. 2001; Joo et al. 2002).

Stability was observed in the proteolytic activity in both the

bacilli at the different pH values, and the best results were

observed in Bacillus sp. UFLA 817CF culture. The residual

activity of this strain, in the three culture media tested was

close to 50% of the maximum at pH 5.0. At the values of

pH 7.0 and 11.0, about 70% of residual activity was

detected after incubation for 30 min at 37�C (Fig. 3a).

Greater variation in the culture of B. subtilis ATCC6633

was observed in the proteolytic activity in the culture

media assessed. In this case the best performance was

observed in the NBW1 culture medium, where about 75%,

83% and 78% of the activity was maintained at pH 5.0, 7.0

and 11.0, respectively (Fig. 3b). The temperature of 40�C

was observed as optimum for both the microorganisms in

the three culture media (Fig. 4a and b). The residual

proteolytic activity of Bacillus sp. UFLA 817CF cultivated

in NBC culture medium was maintained at temperatures

of 50, 60 and 70�C at values 95%, 88% and 77%,

respectively, compared to the maximum activity at 40�C

(503.4 U/mg) (Fig. 4a). Similar performance was

detected in the enzymatic activity of the B. subtilis ATCC

6633 strain in the NB and NBW1 culture media (Fig. 4b),

where about 95%, 80% and 70% were maintained at the

respective temperatures of 50, 60 and 70�C of the

Table 1 Partial purification of alkaline protease from Bacillus subtilis ATCC 6633 and from Bacillus sp. UFLA 817CF

(NH4)2SO4

saturation

40% 60% 80%

Media Total

enzyme

activity

(U/ml)

Total

proteins

(mg/ml)

Specific

activity

(U/mg)

Total

enzyme

activity

(U/ml)

Total

proteins

(mg/ml)

Specific

activity

(U/mg)

Total

enzyme

activity

(U/ml)

Total

proteins

(mg/ml)

Specific

activity

(U/mg)

Bacillus subtilis ATCC 6633

NB 59.03 0.258 228.7 111.15 0.414 268.7 78.25 0.552 141.7

NBC 55.21 0.281 196.5 93.12 0.440 211.7 76.76 0.629 122.0

NBW1 73.32 0.315 232.5 93.96 0.562 167.1 85.58 0.661 129.6

NBW2 91.98 0.406 226.8 88.40 0.294 300.5 90.27 0.713 126.7

NBW3 105.46 0.608 173.6 93.08 0.314 296.0 99.94 0.758 131.9

Bacillus sp. UFLA 817CF (wild type)

NB 80.71 0.087 692.7 89.18 0.096 926.4 95.53 0.128 557.7

NBC 84.27 0.152 415.3 87.98 0.159 553.4 99.19 0.162 459.4

NBW1 90.34 0.170 398.6 92.10 0.185 497.2 102.85 0.211 365.4

NBW2 94.00 0.188 374.6 93.08 0.200 465.2 106.51 0.239 333.6

NBW3 91.59 0.206 334.2 96.78 0.221 437.4 113.74 0.289 295.6

Data presents average of four replicates
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maximum activity at 40�C (268.7 U/mg for NB and 167.1

for NBW1).

Stability at different temperatures and pH was verified in

the NB medium for both the organisms, at the 60% satu-

ration fraction with ammonium sulfate. The samples were

incubated for 24 h at the pH tested before proteolytic

activity was determined at pH 9.0. There was stability at

pH 7.0 for both the microorganisms and more than 90% of

the activity was maintained (Fig. 5) at the optimum

pH (9.0).

The temperature stability of the enzyme was verified by

incubating the samples at the tested temperatures for up to

120 min before assaying the proteolytic activity at 37�C

(Fig. 6). At the incubation temperature of 40�C, the pro-

teolytic activity of the enzyme obtained from the Bacillus

sp. UFLA 817CF culture presented 62% activity after a

120-min incubation period in the same conditions that the

B. subtilis ATCC 6633 enzyme presented 53% residual

activity. At 50�C the enzymes from the Bacillus sp. UFLA

817CF culture were more stable than those from the

B. subtilis ATCC 6633 culture. At 60�C it was observed

that the B. subtilis ATCC 6633 culture presented greater

enzymatic activity than the wild strain, but with a sharp

loss in activity in the first 30 min of incubation for both the

microorganisms (Fig. 6).

The precipitates obtained from saturation with 60%

ammonium sulfate in the NB media for both the bacilli

were characterized in polyacrylamide gel. Bands were

detected between the 30 kDa and 45 kDa standards in both

the cultures, approximately 36 kDa for the protease of the

wild strain and 40 kDa for the standard B. subtilis ATCC

6633 strain. The bands observed were close to the band of

protease molecular mass that in general, ranged between 15

and 45 kDa (Kumar and Takagi 1999; Gupta et al. 2002b).

Zvidzai and Zvauya (2001) detected a similar band in a

precipitated sample derived from saturation with 60%

ammonium sulfate when they cultured a new species of

Bacillus.

Based on the results in this study, the wild Bacillus sp.

UFLA 817CF strain isolated in coffee beans was a poten-

tial producer of alkaline protease when cultivated either in

nutrient broth or in other culture media tested. The NBW1

culture presented good alkaline protease production, and

was superior or equivalent to the culture medium with

Fig. 2 Effect of pH (a) and temperature (b) on relative proteolytic

activity in ammonium sulphate precipitate (60%) obtained from

Bacillus sp UFLA 817CF (continuous line) and B. subtilis ATCC

6633 (discontinuous line) growing on nutrient broth (NB ¤), nutrient

broth plus 0.01% (w/v) sodium caseinate (NBC j) and nutrient broth

plus 0.01% (w/v) cheese whey powder (NBW1 m).

Fig. 3 Effect of pH on residual proteolytic activity in ammonium

sulphate precipitates (60%) obtained from Bacillus sp UFLA 817CF

(a) and B. subtilis ATCC 6633 (b) growing on nutrient broth (NB ¤),

nutrient broth plus 0.01% (w/v) sodium caseinate (NBC j) and

nutrient broth plus 0.01% (w/v) cheese whey powder (NBW1 m)
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addition of sodium caseinate. This opens perspectives for

use of cheese whey powder, an effluent of the dairy

industry and therefore an inexpensive source, as protease

synthesis inducer, and for new research to optimize growth

culture media based on cheese whey powder. The protease

obtained from culture of wild strain Bacillus sp. UFLA

817CF presented stability at pH 7.0 and considerable heat

stability at 40�C and 50�C, and could be an alternative for

the various industrial sectors to produce proteolytic

enzymes using cheese whey.
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subtilis: vive la différence. Mol Microbiol 32:223–232

Gessesse A (1997) The use of nug meal as a low-cost substrate for the

production of alkaline protease by the alkaliphilic Bacillus sp.

AR-009 and some properties of the enzyme. Bioresour Technol

62:59–61

Gessesse A, Hatti-Kaul R, Gashe BA, Mattiasson B (2003) Novel

alkaline proteases from alkaliphilic bacteria grown on chicken

feather. Enzyme Microb Technol 32:519–524

Fig. 4 Effect of temperature on residual proteolytic activity in

ammonium sulphate precipitates (60%) obtained from Bacillus sp
UFLA 817CF (a) and B. subtilis ATCC 6633 (b) growing on nutrient

broth (NB ¤), nutrient broth plus 0.01% (w/v) sodium caseinate

(NBC j) and nutrient broth plus 0.01% (w/v) cheese whey powder

(NBW1 m)

Fig. 5 Effect of pH on residual proteolytic activity (j) and stability

(d) in ammonium sulphate precipitate (60%) obtained from Bacillus
sp UFLA 817CF (continuous line) and B. subtilis ATCC 6633

(discontinuous line) growing on nutrient broth

Fig. 6 Effect of temperature on residual proteolytic activity in

ammonium sulphate precipitate (60%) obtained from Bacillus sp
UFLA 817CF (continuous line) and B. subtilis ATCC 6633 (discon-

tinuous line), growing on nutrient broth, at 40�C (d), at 50�C (j) and

at 60�C (m)

World J Microbiol Biotechnol (2008) 24:2027–2034 2033

123



Ghaly AE, Kamal M, Avery A (2003) Influence of temperature rise on

kinetic parameters during batch propagation of Kluyveromyces
fragilis in cheese whey under ambient conditions. World J

Microbiol Biotechnol 19(7):741–749

Giongo JL, Lucas FS, Casarin F, Heeb F, Brandelli A (2007)

Keratinolytic proteases of Bacillus species isolated from the

Amazon basin showing remarkable de-hairing activity. World J

Microbiol Biotechnol 23:375–382

Gupta R, Beg QK, Lorenz P (2002a) Bacterial alkaline proteases:

molecular approaches and industrial applications. Appl Micro-

biol Biotechnol 59:15–32

Gupta R, Beg QK, Khan S, Chauhan B (2002b) An overview on

fermentation, downstream processing and properties of micro-

bial alkaline proteases. Appl Microbiol Biotechnol 60:381–395

Hadj-Ali NE, Agrebi R, Ghorbel-Frikha B, Sellami-Kamoun A,

Kanoun S, Nasri M (2007) Biochemical and molecular charac-

terization of a detergent stable alkaline serine-protease from a

newly isolated Bacillus licheniformis NH1. Enzyme Microb

Technol 40:515–523

Hanson RS, Blicharska J, Szulmajster J (1964) Relationship between

the tricarboxylic acid cycle enzymes and sporulation of Bacillus
subtilis. Biochem Biophys Res Commun 17:1–7

Harwood CR (1992) Bacillus subtilis and its relatives: molecular

biological and industrial workhorses. TrendsBiotechnol10:247–256

Hinman RL (1994) The changing face of the fermentation industry.

Chemtech 24(6):45–48

Horikoshi K (1999) Alkaliphiles: some applications of their products

for biotechnology. Microbiol Mol Biol Rev 63:735–750

Ito S, Kobayashi T, Ara K, Ozaki K, Kawai S, Hatada Y (1998)

Alkaline detergent enzymes from alkaliphiles: enzymatic prop-

erties, genetics, and structures. Extremophiles 2:185–190

Johnvesly B, Naik GR (2001) Studies on production of thermostable

alkaline protease from thermophilic and alkaliphilic Bacillus sp

JB-99 in a chemically defined medium. Process Biochem

37:139–144

Joo HS, Chang CS (2005) Production of protease from a new

alkalophilic Bacillus sp. I-312 grown on soybean meal: optimi-

zation and some properties. Process Biochem 40:1263–1270

Joo HS, Kumar CG, Park GC, Kim TK, Paik SR, Chang CS (2002)

Optimization of the production of an extra cellular alkaline

protease from Bacillus horikoshii. Process Biochem 38:155–159

Kawahara H, Obata H (1998) Production of xanthan gum and ice-

nucleating material from whey by Xanthomonas campestris pv.

translucens. Appl Microbiol Biotechnol 49:353–358

Kim WJ, Kim SM (2005) Purification and characterization of Bacillus
subtilis JM-3 protease from anchovy sauce. J Food Biochem

29:591–610

Kumar CG (2002) Purification and characterization of a thermostable

alkaline protease from alkalophilic Bacillus pumilus. Lett Appl

Microbiol 34:13–17

Kumar D, Bhalla TC (2005) Microbial proteases in peptide synthesis:

approaches and applications. Appl Microbiol Biotechnol 68:

726–736

Kumar CG, Parrack P (2003) Arrowroot (Marantha arundinacea)

starch as a new low-cost substrate for alkaline protease

production. World J Microbiol Biotechnol 19:757–762

Kumar CG, Takagi H (1999) Microbial alkaline proteases: from a bio-

industrial viewpoint. Biotechnol Adv 17:561–594

Kumar CG, Malik RK, Tiwari MP, Jany KD (1999) Optimal

production of Bacillus alkaline protease using a cheese whey

medium. Microbiol Alim Nutrit 17:39–48

Laemmli UK (1970) Cleavage of structural proteins during the

assembly of the head of bacteriophage T4. Nature 227:680–685

Mehrotra S, Pandey PK, Gaur R, Darmwal NS (1999) The production

of alkaline protease by a Bacillus species isolate. Bioresour

Technol 67:201–203

Pastor MD, Lorda GS, Balatti A (2001) Protease obtention using

Bacillus subtilis 3411 and amaranth seed meal medium at

different aeration rates. Braz J Microbiol 32:6–9

Patel RK, Dodia MS, Joshi RH, Singh SP (2006) Production of

extracellular halo-alkaline protease from a newly isolated

haloalkaliphilic Bacillus sp. isolated from seawater in Western

India. World J Microbiol Biotechnol 22:375–382

Rao MB, Tanksale AM, Ghatge MS, Deshpande VV (1998)
Molecular and biotechnological aspects of microbial proteases.

Microbiol Mol Biol Rev 62:597–635

Razak NA, Samad MYA, Barsi M, (1994) Thermostable extracellular

protease of Bacillus stearothermophilus – factors affecting its

production. World J Microbiol Biotechnol 10:260–263

Sarvas M, Harwood CR, Bron S, van Dijl JM (2004) Post-

translational folding of secretory protein in Gram-positive

bacteria. Biochim Biophys Acta 1694:311–327

Scopes R (1994) Protein purification: principles and practice, 3rd edn.

Springer-Verlag, New York

Silva CF, Schwan RF, Dias ES, Wheals AE (2000) Microbial

diversity during maturation and natural processing of coffee

cherries of Coffea arabica in Brazil. Int J Food Microbiol

60:251–260

Singh J, Batra N, Sobti RC (2001) Serine alkaline protease from a

newly isolated Bacillus sp. SSR1. Process Biochem 36:781–785

Siso MIG (1996) The biotechnological utilization of cheese whey: a

review. Bioresour Technol 57:1–11

Soares RL, Capobiango M, Biasutti EAR, Silvestre MPC (2007)

Enzyme-catalyzed production of oligopeptides from skim milk.

Food Biotechnol 21:45–56

Stülke J, Hillen W (2000) Regulation of carbon catabolism in Bacillus
species. Annu Rev Microbiol 54:849–880

Takami H, Kobayashi T, Aono R, Horikoshi K (1992) Molecular

cloning, nucleotide-sequence and expression of the structural

gene for a thermostable alkaline protease from Bacillus sp. No.

AH-101. Appl Microbiol Biotechnol 38:101–108

Tremacoldi CR, Carmona EC (2005) Production of extracellular

alkaline proteases by Aspergillus clavatus. World J Microbiol

Biotechnol 21:169–172

Tremacoldi CR, Monti R, Selistre-de-Araujo HS, Carmona EC (2007)

Purification and properties of an alkaline protease of Aspergillus
clavatus. World J Microbiol Biotechnol 23:295–299

Wit JN (1998) Nutritional and functional characteristics of whey

proteins in food products. J Dairy Sci 81:597–608

Yang JK, Shih IL, Tzeng YM, Wang SL (2000) Production and

purification of protease from a Bacillus subtilis that can

deproteinize crustacean wastes. Enzyme Microb Technol 26:

406–413

Zvidzai CJ, Zvauya R (2001) Purification of a protease from an

alkalophilic Bacillus subtilis CHZ1 isolated from a zimbabwean

hot spring. J Food Biochem 25:1–13

2034 World J Microbiol Biotechnol (2008) 24:2027–2034

123


	Alkaline protease from Bacillus sp. isolated from coffee bean grown on cheese whey
	Abstract
	Introduction
	Materials and methods
	Growth of microorganisms and enzyme production
	Protein quantification
	Protease assay
	Enzyme precipitation
	Effect of temperature and pH on enzymatic activity

	Results and discussion
	Proteolytic activity in the crude extract
	Enzyme assay in ammonium sulfate fractions
	Effect of temperature and pH on enzyme activity �and stability

	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


