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Purification, characterization and applications of
proteases produced by Bacillus amyloliquefaciens 35s
isolated from soil of the Nile Delta of Egypt

ABSTRACT

Aims: The current study aimed at purifying and determining general characteristics of
proteases produced by Bacillus amyloliquefaciens 35s isolated from the soil of Nile Delta
of Egypt and to study its applications in environmental and industrial purposes.

Study design: The produced proteases were purified by ammonium sulfate precipitation
method followed by dialysis. The effects of some physical and chemical factors on the
activity and stability of the partially purified proteases were determined. The produced
proteases were tested in various environmental and industrial applications.

Place and Duration of Study: Department of Agricultural Microbiology, Faculty of
Agriculture, Ain Shams University, between July 2014 and September 2014.
Methodology: Proteases produced in optimized medium and conditions were extracted
by centrifugation, purified by ammonium sulfate precipitation and followed by dialysis.
The effects of pH, temperature, metal ions, inhibitors, organic solvents, H,O, and
surfactants on enzyme’s activity and stability were determined. Protease’s ability to
hydrolyze gelatin was employed to recover silver from used X-ray films, and used a
detergent additive for stain removal from cloths. Both proteases and the producing
isolate were used to digest chicken feathers to produce amino acids, peptides and
soluble proteins. All generated data were analyzed using one-way ANOVA with post hoc
multiple comparison analysis using Tukey’s HSD.

Results: Ammonium sulfate at 70% had the best effect on precipitating the produced
protease increasing specific activity to 5143 (u/mg), a 2.6 fold ef that of the crude
enzyme (1408.5 u/ml). Characterization experiments showed optimum conditions for
activity to be pH 9 and 60°C. Ca®", Mn*", Pb®, Mg®*, Co®* , Zn®" and Ba*" negatively
affected the enzyme activity at 5mM. The enzyme was stable at low concentrations of
oxidizing agent and surfactants and retained nearly 100% and 65% activity in presence
of 0.1% and 0.5% of SDS, respectively. Purified proteases was 23 fold active than the
commercial Savinase® under the standard assay conditions. As a detergent additive, it
was effective in removing blood and egg stains from cotton fabric when combined with
detergent. In digesting chicken feather, the isolate showed maximum caseinase activity
of 645 u/ml in the initial screening process and ability to degrade raw feather to free
protein hydrolysates under optimal conditions (after 96 h of fermentation in 30 g/l chicken
feather and pH 8.0).

Conclusion: Optimum pH indicated alkalinity class and optimum indicated thermal
classification. Purified proteases was 23 fold more active than the commercial
Savinase® under the standard assay conditions. Applications of the partially purified
proteases proved it to bé' good profitable industrial tool.

Keywords: Bacillus amyloliquefaciens, Proteases, purification, characterization, silver
recovery, detergent additive, chicken feather hydrolysis.
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1. INTRODUCTION

A number of proteases from different sources have been purified and
characterized. Microbial enzymes are mostly extracellular and are released into the
fermentation media; thus the separation of cells from the media is generally carried out
by centrifugation or in some cases by filtration, leaving the enzyme in the supernatant of
filtrate. Then, the culture supernatant is concentrated by salting out. Ammonium
sulphate, which lowers the solubility of the desired proteins are the usual agents
employed for precipitation [1]. microbiota

The properties of proteases from different mierebes have been studied with
respect to the effect of pH and temperature on activity and stability, substrate specificity,
effect of various additives as well as metal ions en aetivity. The properties of the enzyme
identified during these studies help in determining the areas of its possible application
[2]. The optimum pH range of alkaline proteases is generally found to be between pH 9
and 11 [3] with a few exceptions of higher (12) pH optima [4]. The optimum temperature
of alkaline proteases from microbes generally ranges from 50-70C [5]. Alkaline
proteases from Bacillus sp. isolated from the soil of Veraval coast of the Gujarat (India)
had a temperature optima of 37°C [6] while an unusually high temperature optimum of
75°C was reported for the proteases from B. laterosporus-AK1 [7].

Alkaline proteases often require a divalent cation like Ca®*, Mg** and Mn?* or a
combination of these cations for maximum activity. These cations are believed to protect
the enzyme against thermal denaturation and play a vital role in maintaining the active
conformation of the enzyme at high temperatures [3]. Several workers have reported the
role of Ca® in enzyme stabilization, by increasing the activity and thermal stability of
alkaline proteases at higher temperatures [8].

Inhibition studies give insight into the nature of the enzyme, its cofactor
requirements and the nature of the active site [9]. Effect of inhibitors such as
phenlymethylsulfonyl fluoride (PMSF), iodo acetic acid (lIAA), ethylene-diamine
tetraacetic acid (EDTA), 1, 10-phenanthroline and pepstatin on proteases have routinely
been studied to determine the class of proteases [10].

Alkaline proteases added to detergent formulations enable the release of
proteinaceous dirt (blood, sweat, egg) that appear as stains on fabric [11]. Most of the
proteases that have been reported to be capable of stain removal and/or compatible with
commercial detergents or surfactants have been from the different species of Bacillus
[12]. A highly bleach stable and halo-tolerant alkaline proteases has been reported from
B. pumilus JBO5 [13]. A novel species of alkalinophilic Bacillus that produces oxidatively
stable serine proteases were isolated by Saeki et al. [14].

Methods adopted for silver recovery from waste films include enzymatic
hydrolysis of gelatin and°release the silver [15]. The enzymatic hydrolysis of the gelatin
layers on the X-ray film enables not only the recovery of the silver, but also the polyester
base which can be recycled. Basically enzymatic processes are more specific and
remove gelatin layer from X-ray film in a few minutes; without damaging the polyester
film base [16]. Most of the proteases used so far for silver recovery are from bacteria
such as B. sphaericus [17] and B. subtilis [18].

Feathers represent 5—7 % (w/w) of the mature chickens total weight and are
generated in large amounts as a waste product in commercial poultry-processing plants,
reaching millions of tons per year worldwide [19]. Although the feathers are considered
as wastages, it contains large and various types of proteins which can be converted into
valuable materials [20]. Raw feathers, however, are very poorly digested by non-
ruminant animals because they contain a high proportion of keratin [21]. Using microbial
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enzymes in feather degradation improves the nutritional value of feather wastes. Kumar
et al. [22] produced 38.2 g/l of total amino acids and peptides using 30 g/l feathers in the
production medium at pH 10 using a Bacillus sp. Srivastava et al. [23] also found that
concentrations of total amino acids, cysteine, serine, and methionine were continuously
monitored in the fermentation broth and reached to a maximum of 1.2 mg/ml, 46 ug/ml,
107 pg/ml and 17.52 pg/ml respectively, using 10 g/l feather in the production medium.

The aim of this work is to evaluate the characteristic properties of the purified
proteases produced by Bacillus amyloliquefaciens 35s isolated from the soil of Nile Delta
of Egypt and an investigation into the possible areas of agricultural applications of the
enzyme were also determined.

2. MATERIALS AND METHODS

2.1. Microorganism

A novel proteolytic strain (Bacillus amyloliquefaciens 35s) was previousl(}/
isolated and identified by 16S rRNA gene sequencing analysis [24] and dsed 16 p;r)ersgc]iﬁtéey
proteases and its production was statistically and practically optimized [26]. Culture of
this strain was maintained on nutrient agar slants at 4'C and sub-cultured at monthly
intervals. Nutrient agar medium [25], was used for bacterial stock culture maintenance
and standard inoculum preparation. Standard inoculum was prepared by inoculating 50
ml of nutrient broth medium in 250 ml Erlenmeyer flasks with a full loop of tested culture.
The inoculated flask was incubated on a rotary shaking incubator (Lab-line Ltd.) at the
rate of 120 rpm for 24 h at 30°C and considered as the standard inoculum (7.0 x 10%/ml
viable cells).

2.2, Extraction of crude proteases

Tﬁ%mmm% preteases obtained from the optimized cultivation of
Bacillus amyloliquefaciens 35s in bioreactor [26] was centrifuged at 10000 rpm for 10
min at 4°C to obtain a crude proteases supernatant. Cell pellet was discarded, the
supernatant was preserved at 4 C for analysis and the assay was done within 24 h [27].

2.3. Partial purification of proteases enzymes

Supernatant containing crude proteases were purified as follows: To the chilled
crude supernatant, solid ammonium sulphate (40-80 % saturation) was added as per
standard chart to precipitate out the enzyme [28]. Precipitation was done at 4°C. The
precipitate was collected by centrifugation (10000 rpm, 4C for 15 min.) and re-
suspended in 0.9 % NaCl and then dialyzed against phosphate buffer at 4°C in the
refrigerator to prevent contamination of the final preparation before dialysis [29]. This
dialyzed fraction was made up to a known volume and referred to as partially purified
proteases. The partially purified enzyme was diafiltered using Amicon UF Stirred Cell
(Model 8010) with 10 kDa cut off membrane against Tris-HCI buffer (pH 8.5): This was
dene to remove ammonium sulfate [30]. Proteases activity was determined according to
the modified method of Anson [31]. The protein con;gent of different enzyme preparations
was determined by the method of Lowry et al. [32]. Specific activity of the sample was
calculated by dividing the enzyme units (U) on the total protein content (mg/ml). The
activity of the sample is expressed in units (U) and wherever necessary as specific
activity (U/mg).

2.4. Characterization of partially purified proteases
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2.4.1. Effect of pH and temperature on enzyme activity and stability

The effect of pH on proteases activity was evaluated in the range of 7—12, using
buffers of 0.1 M sodium phosphate (pH 7), 0.1 M Tris-Cl (pH 8-9) and 0.1 M Glycine
NaOH (pH 11-12) in the reaction mixture. 1 ml of crude enzyme was mixed with 5 mi
casein substrate (0.65% in buffer at the tested pH). Enzyme activity was expressed in
terms of relative activity calculated according to the proteases stability at different pH
values. Various pH values were studied by pre-incubating the enzyme in buffers of
different pH (7—12) for 1h and the residual enzyme activity (%) was determined after the
incubation period. Residual activity is the percentage of enzyme activity of the sample
with respect to activity of the control (untreated sample). Residual activity = Activity of
sample (U) x 100 / activity of control (U) [33].

The effect of temperature on the proteases activity was assessed by
determining the activity at temperatures ranging from 30 to 80°C. The percentage relative
activity was calculated considering the activity at 60°C as 100 %. The temperature
stability of the enzyme was determined by pre-incubating the enzyme at different
temperatures ranging from 30 to 80°C for one hour and then assaying the residual
activity (%) under the standard assay conditions. Activity of untreated enzyme (control)
was considered 100 % as mentioned by Abu-Sayem et al. [27].

2.4.2. Effect of metal ions and inhibitors on enzyme activity

The influence of various metal ions on the partially purified proteases were
studied by incubating the enzyme in the presence of various metal ions (ZnCl,, CaCl,,
MgCl,, MnCl,, PbCl,, CoCl,, HgCl,, BaCl,, and CuSQ,) at final concentration of 1mM
and 5mM at 60°C for 30 min. The percentage of relative activity was calculated by
considering the activity of enzyme (in absence of metal ions) at 60°C and pH 9 as 100 %
activity. To study the effect of different proteases inhibitors on the purified enzyme,
aliquots of enzymes were pre-incubated with the different enzyme inhibitors such as
phenylmethylsulphonyl fluoride (PMSF) (5 mM), iodo acetic acid (IAA) (1mM), ethylene-
diaminetetraacetic acid (EDTA) (5mM) and 1,10 phenanthroline (5 mM) for 30 minutes at
room temperature. Residual activities (%) were measured and calculated. Control
treatments were placed without inhibitors as mentioned by Abu-Sayem et al. [27].

2.4.3. Effect of organic solvents on proteases activity and stability

To determine the effect of organic solvent on proteases activity, 1 ml of five
organic solvents (benzene, xylene, toluene, butanole or pyridine) was added to 1 ml of
proteases then 5 ml of casein solution were added and activity was determined as
described above. For determining the effect of these organic solvent on the enzyme
stability, 1 ml of proteases solution was pre-incubated with 1 ml of one of the above five
organic solvents at room temperature for 30 min., then the enzyme activity was
determined as previously described. The stability was expressed as residual activity
relative to the non-solvent containing control.

2.4.4. Effect of H,0, and surfactants

To investigate the effect of the oxidizing agent (H.O.) and three surfactants
(SDS, Triton X-100 and Tween-80) on the enzyme stability, the partially purified
proteases were pre-incubated with different concentrations of H,O, (0.1 and 0.5 %), SDS
(0.1 and 0.5 %), and Tween-80 (0.5 and 1 %) for 30 min and then their residual activities
were measured as mentioned by Barindra et al. [34].
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2.4.5. Comparison of the partially purified proteases with commercial proteases

Activity of the partially purified proteases was compared to that of a commercial
proteases (made by SAVINASE ® P3111, Sigma Co; USA). Comparison was done by
measuring the proteases activity under the standard assay conditions (pH 9 and
temperature 60°C of the partially purified proteases and proteases SAVINASE and
specific activity was calculated.

2.5. Applications of the crude proteases
2.5.1. Silver recovery from used X-ray films (decomposition of gelatin and release
of silver)

Used X-ray films were washed with distilled water and wiped with cotton
impregnated with ethanol. The washed film was dried in an oven at 40°C for 30 min [35].
One gram of X-ray film (cut into 2 x 2 cm pieces) was then incubated with 100 ml diluted
partially purified alkaline proteases in buffer (Tris—CI, pH 9) with continuous shaking at
50°C. Turbidity of the reaction mixture increased with time (as the hydrolysis
progressed). Hence, the progress of hydrolysis was monitored by measuring the
absorbance at 660 nm [5]. Samples were removed at regular intervals and time required
for complete removal of gelatin layer was noted. Visual examination of films after
complete hydrolysis was also done. Repeated utilization of enzyme was studied by
changing the X-ray films every 30 min. Each 30 min., change of X-ray sheets was
recorded as one run and was carried out in total four runs. The weight of X-ray films
before and after each run was recorded. The extent and time of decomposition was also
noted.

2.5.1. Detergent additive
2.5.1.1. Wash performance with proteases solution

Wash performance analysis of partially purified alkaline proteases (PPAP) was
done on square (dimension 4x4 cm) pieces of cotton fabric stained with human blood
and egg yolk. After staining, fabric was air dried followed by oven drying [36]. The
following sets of treatments to the stained fabric pieces were prepared:
A) 100 ml detergent (7 mg/ml Persil, Procter and Gamble Co. Ltd) + stained fabric piece.
B) 100 ml detergent (7 mg/ml Persil, Procter and Gamble Co. Ltd) + 500 yl PPAP
solution (final dilution 250 U) + stained fabric piece.
C) 100 ml tap water + 500 pl PPAP solution + stained fabric piece.
D) 100 ml tap water + stained fabric piece (control).
Two such sets of treatments of human blood and egg yolk stained fabrics (each set in
triplicates) were prepared. One set was incubated at 50 C for 30 min while the other was
kept at room temperature. Later the cotton fabric was taken out rinsed in tap water, dried
and evaluated for stain removal [37].

2.5.1.2. Compatibility with commercial detergents

The commercial detergents Persil, Ariel and Tide (Procter and Gamble Co. Ltd)
and Sunlight (Hindustan Unilever) were dissolved in tap water to give a final
concentration of 7 mg/ml to stimulate washing conditions [37]. The endogenous
proteases contained in these detergents were inactivated by incubating the detergent
solutions at 65C prior to the additon of exogenous purified proteases from B.
amyloliquefaciens 35s [38]. After the addition of exogenous proteases in detergent
solution (in a ratio 1:4) [39], the mixture was incubated for 1 h at 40°C and the residual
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activity was determined under standard assay conditions. The enzyme activity of the
control sample (without detergent) was taken as 100 % [40].

2.5.2. Application for waste management
2.5.2.1. Feather protein hydrolysates (FPH) production

Chicken feathers, obtained from a local poultry were washed three times with tap
water and then with distilled water. The washed feathers were then cooked until boiling
for 20 min and pressed to remove water. The resulting pressed product was minced with
a blender, dried at 90°C for 22 h, minced again to obtain a fine powder and stored at
room temperature. For feather protein hydrolysis medium preparation, 250 ml
Erlenmeyer flasks containing 100 ml tap water and chicken feather powder ranged from
10 to 60 g/l were added to each flask. After adjusting the pH to 8, all media were
autoclaved at 121°C for 20 min. After sterilization, flasks were inoculated by 5 % (v/v) of
B. amyloliquefaciens 35s standard inoculum. After inoculation, flasks were incubated for
144 h at 37°C with shaking at 120 rpm. After incubation, the cultures were centrifuged at
12,000 rpm for 15 min at 4 C and the cell-free supernatants were used for determination
of proteases activity, soluble proteins and amino acid concentration. Productivity was
determined as soluble protein concentration per time [41]. Amino acids, peptides and
soluble proteins were determined according to Kumar et al. [22].

In an additional treatment to evaluate the direct effect of the partial purified
alkaline proteases (PPAP) on feather hydrolysis, 0.1 ml of PPAP was added to test tube
containing one feather in 10 ml tap water. Feather hydrolysis was monitored during 144
h of incubation at 37°C.

2.5.3. Statistical analysis

Data generated from the above experiments were analyzed using one-way
ANOVA with post hoc multiple comparison analysis performed using Tukey’s HSD. In
shake flask experiments, mean of three replicates were compared using SPSS 16.0 for
windows at a significance level of p<0.05.

3. RESULTS AND DISCUSSION

3.1. Partial purification of proteases produced by Bacillus

amyloliquefaciens 35s

Cell-free supernatant of B. amyloliquefaciens 35s culture was used as the
source of the crude enzyme. Proteases were purified by ammonium sulfate precipitation
followed by dialysis (Table 1). 40-80 % ammonium sulfate saturation fractions were
tested for proteases precipitation, and 70 % showed to have the best effect on
precipitating the produced proteases. Precipitated proteases were dialyzed and
concentrated. Ammonium sulfate increased the activity by 2.6 fold (3626.2 u/ml), while
dialysis doubled the activity by 6 fold (9024 u/ml). Padmapriya and Williams [42]
produced proteases by B. subtilis and was able to purify it first by 75 % ammonium
sulfate precipitation, increasing its activity by 3.12—fold, then dialyzed increasing 5.14
fold. Borah et al. [43] revealed that the culture supernatant of B. altitudinis contained an
initial proteases activity of 105.5 u/ml and used 80 % (w/v) ammonium sulfate to
precipitate the enzyme. This treatment increased specific activity to 2366.15 (u/mg) and
purification folds 4 times the specific activity 9464 (u/mg) comparing with the crude
proteases on partial purification of proteases enzyme.
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Table 1. Summary of the partially purification of B. amyloliquefaciens 35s proteases.

Protein Specific e
Purification step Proteases content activity Purification
activity (u/ml) fold
(mg/ml) (u/mg)
Crude extract 1408.5 0.936 1504 1
70 % Ammonium
sulphate fraction 3626.2 0.712 5143 2.6
Dialysis 4521 0.501 9024 6

Specific activity (u/mg) of the sample was calculated by dividing the enzyme units (U) on the total protein
content.

3.2. Characterization of the partially purified proteases
3.2.1. Effect of pH and temperature on proteases activity

pH activity profile of partially purified proteases of B. amyloliquefaciens 35s was
determined using different buffers with varying pH values. Statistical analysis revealed
that pH had significant (p<0.01) influence on the activity of proteases whereas, in the pH
range 7-9, more than 78 % of activity was retained by the enzyme with no significant
difference (p>0.05) in the residual activity at pH 7 and 8 (TagL%- 2). The purified enzyme
was active in pH range of 6.0-11.0, with an optimum at pH 9 reached’relative activity of
100 %. Activity of the enzyme increased proportionally with the increase in pH from 6 to
9 then dropped beyond this point. With respect to the activity determined at pH 9,
proteases exhibited 71.22 %, 90.83 %, 60.34 % of the maximal activity at pH 7, 8 and
10, respectively. The relative activity of enzyme at pH 6 (26.2 %) and pH 12 (6.5 %)
were minimal. These results clearly indicate that the proteases are alkaline proteases.
Other investigators recorded optimum proteases activity at different pH values, such as
pH 7.8 [44], 8.0 [45], 9.8-10.2 [4], 10.5 [44] and 12-13 [46].

When enzyme stability was determined in different pH buffers, it can be deduced
from the data in Table 2 that proteases were mostly stable at pH range from 7 to 10 with
the highest residual activity reached 89.1 % observed in the sample ineubated at pH 9.
Similarly, Jellouli et al. [33] revealed that the optimum pH was 10, and it was stable at
alkaline pH ranges.

With regards to the optimum temperature for proteases activity, the proteases of
B. amyloliquefaciens was active at all temperatures (30-80°C) tested, with*maximum
activity recorded at 60°C, qualifying it to be designated as a moderately thermo-active
proteases. A sharp decline in activity at temperatures above 60°C was noted as
illustrated in Table 2. Within the temperature range 40-60°C proteases retained more
than 85 % of its maximum activity. Even at temperatures 30 and 80°C, it exhibited 39.25
and 30.68 % relative activity, respectively with optimum temperature at 60°C recorded
relative activity of 100 %. The statistical analysis revealed that temperature had
significant (p<0.01) influence on the activity of the proteases. Borah et al. [43] found that
the effect of temperature on enzyme activity of purified proteases from B. altitudinis
showed maximum production at 40°C (4800 u/ml) and minimum production at 30°C
(3700 u/ml). Different optimum temperatures were determined by various investigators,
e.g. 30°C [47], 35°C [48], 50C [49] and 70°C [50].

Temperatures ranged from 30 to 70'C were experimented to explore their effect
on proteases stability. Proteases temperature stability (Table 2) revealed a great deal of
stability approximated to 92.46 to 93.04 % in the temperature range 30-50°C and the
stability exhibited in this range did not vary significantly (p>0.05). However, proteases
were unstable at its optimal temperature activity, (60°C). It retained 28.99 % of its
activity. Moreover the alkaline proteases were almost completely inactivated when
incubated at 70°C for 1 h and retained 8-189 % of its activity: Similarly, Jellouli et al. [33]
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revealed that the optimum temperature was 70°C, using casein as substrate. On the
other hand, Patel et al. [6] found that prot?ases produced byofirt1sewly isolatoed
haloalkaliphilic Bacillus sp. was highly stable at 37 C and retained 50 % activity at 45 C.
However, the enzyme was quite unstable at temperatures beyond 55°C but stable at
higher temperature in the presence of NaCl and CaCl,.

Table 2. Effect of pH and temperature on the activity and stability of the partially purified

proteases produced by B. amyloliquefaciens 35s.

Relative activity

Residual activity

Factor Levels (%) (Stability%)
6 26.20 + 0.30° 55.81 + 0.04°

7 71.22 + 0.04° 79.45+ 0.05°

. 8 90.83 + 0.03' 80.31+ 0.05°

pH 9 100.00 + 0.00° 89.1+ 0.20°
10 60.40 +0.11° 60.25 + 0.06°

11 30.00 + 0.29° 43.53 + 0.09°
12 6.50 + 0.14° 29.25 + 0.06°

30 39.25+ 1.15% 92.46 + 1.94°

40 83.26 + 0.10° 96.24 + 1.13°

Temperature (C)” 50 90.39+ 1.2° 93.04 + 0.02°
P 60 100+ 0.00° 28.99 + 0.11°
70 57.29 + 2.00° 0.159 + 0.012

80 30.68+ 1.132 N.D#

Relative activity: activity measured relative to that obtained at pH 9 and 60 C, which is considered as 100 %.
Residual activity = (Activity of sample after incubation / activity of sample before incubation) x 100. Activity was
determined after pre-incubating the crude enzyme in buffers of different pH (7—12) for 1h and the residual
enzyme activity (%) was determined after the incubation period.

*Residual activity of pH experiment was determined at 60 C.

** Residual activity of temperature experiment was determined at pH 9.

Values with same superscripts did not vary significantly, according to Tuky test at 5% level

The values are mean of three replicates + standard deviation.

#N.D: Not detected.

3.2.2. Effect of metal ions, inhibitors, oxidizing agent and surfactants on alkaline
proteases activity

This experiment was designed to study the effect of chloride, sulfate and nitrate
ions using concentrations of 1 and 5 mM on alkaline proteases activity. As illustrated in
Table 3, in presence of Co* (1 mM) and Mn?* (1 mM), the activity of the enzyme was not
significantly different from each other (p>0.05). Even in the presence of Mn** (85.64 %),
Pb® (72.22 %), Mg®* (91.6 %) and Ba®* (98.22 %) ions, the enzyme showed a great
activity. At both concentrations (1 mM and 5 mM), ng+ and Cu®** were found to be
inhibitory, while Zn®* had a negative effect at 5 mM concentration. All the metal ions at 5
mM have a negative influence on the activity of alkaline proteases produced by B.
amyloliquefaciens 35s. In a study by Nadeem et al. [51], the effect of metal ions on
proteases activity, Mg®* and Ca** ions enhanced the activityb{*p te 128 % and 145 %,
respectively. In a similar study by Tari et al. [52] on proteases characterization by
Bacillus sp. L21, Ca®* ions had a positive effect on proteases activity by 17.94 %. The
stimbldlating effect of CaCl, was also reported by Mabrouk et al. [53] who explained this
due to the stabilizing effect of CaCl, on alkaline proteases. In high concentrations of
CaCl, (1 g/l) had an inhibitory effect that reached 77.7 u/ml only.

Studies on the effect of inhibitors on alkaline proteases enzyme can help in
determining the nature or the class of the proteases. B. amyloliquefaciens 35s proteases
were inhibited up to 24 % by EDTA (5 mM), a metal chelator and completely by
phenylmethylsulphonyl fluoride (PMSF) (Table 3), while IAA did not greatly affect the
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activity of the enzyme. This clearly indicated that the proteases are serine proteases.
Serine alkaline proteases are known to be completely inhibited by PMSF [38]. Most of
the earliest studies reported that 1-5 mM concentrations of PMSF generally completely
inactivated serine alkaline proteases [54]. Also, Nadeem et al. [51] found that proteases
produced by B. licheniformis uv-9 were completely inhibited by PMSF suggesting that it
was serine proteases.

Table 3. Effect of various metal ions inhibitors, at 1 mM and 5 mM, oxidizing agent and
surfactants on the activity of partially purified alkaline proteases predueed by

B. amyleliqucfaciens 85s:
Relative activity (%)
1 mM 5 mM
Control* 100" 100’
ZnCl, 65.47 +0.96° 7.9 +£0.23°
MnCl, 85.64 + 1.02° 30.90 +0.36°
CaCl, 90.00 + 1.21ec 71.58 + 0.682
. Pb(NO3), 72.22 + 0.90 12.27 £0.16
Metal ions MgCl, 91.60 + 0.99' 72.31 £ 0.65
HgCl, 10.15+0.72° 1.35 +0.09°
BaCl, 98.22 + 0.62° 65.28 +0.75°
Cu,S0, 10.43 £ 0.30° 3.11 £0.08°
COCl, 85.08 + 0.43° 35.26 + 0.59'
Indol acetic acid (IAA) ‘
cysteine proteases 98 +0.22 81.3+0.11
inhibitor)
Inhibitors EDTA (metallo proteases
inhibitor) 91 +0.51" 86 + 0.45™
PMSF " (serine proteases 0.00 + 0.00° 0 + 0.00%
inhibitor)
Residual activity (stability %)
0.1 mM 0.5 mM
Oxidizing control 100 100'
agent and Tween 80 100 +0.00' 100'
surfactants SDS 91+ 0.40° 65 +0.90°
H,O, 80 + 0.45° 42 +0.68°

Relative activity: activity measured relative to that obtained at pH 9 and 60°C in control without metal ions,

which is considered as 100%.

Relative activity = (Activity of treated sample / activity of control samples) x 100

Values with same superscripts did not vary significantly according to Tuky test at 5% level.

*Control without metal ions or inhibitor.
**Phenylmethylsulphonyl fluoride (PMSF).

The values are mean of three replicates + standard deviation.

Studies on the effect of oxidizing agents and surfactants on alkaline proteases
activity help in exploring the application of proteases in detergent industry. H,O,, SDS
and tween 80 were tested on proteases stability. The enzyme was stable at low
concentrations of oxidizing agent and surfactants. At a concentration of 0.1 mM H,0,,
(strong oxidizing agent) less than 20 % inhibition in activity was observed (Table 3). The
nature of surfactant seemed to influence its effect on proteases. SDS (anionic detergent)
had negative effect on proteases while Tween 80 (nonionic detergent) had a slight
enhancing effect on the enzyme. The enzyme retained nearly 91 % and 65 % activity in
presence of 0.1 % and 0.5 % of SDS, respectively. Increasing concentration of SDS to
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0.5 mM the inhibitory effect was increased. Jellouli et al. [33] revealed that proteases
produced by B. licheniformis Mpiwas stable towards non-ionic surfactants and SDS.
Also Nadeem et al. [51] reported that the purified proteases showed extreme stability
towards various surfactants such as Tween 80, Tween 45, Tween 65 and Triton X45. In
addition, the proteases also exhibited 100 % residual activity in the presence of oxidizing
agents, H,O, and sodium perborate.

3.2.3. Effect of organic solvents on proteases stability

The proteases produced by B. amyloliquefaciens 35s exhibited significant
stability towards almost all the organic solvents tested in this study. Actually little
enhancement in enzyme activity was observed with an increase in the incubation period
from 1 to 72 h. Even though the enzyme was least stable in the presence of pyridine
w%ﬁawgamed only 22.61 % of its activity in the presence of this solvent as illustrated in
Table 4. The enzyme showed®high degree of stability (almost 70 %) in presence of
benzene. In which thg longer the incubation with the organic solvents, the greater was
the residual activity. Stabilizing effect of organic solvents has also been reported by
Sana et al. [55]. This stabilizing effect on proteases could be due to the replacement of
some water molecules in an enzyme with organic molecules, which results in stabilizing
the structure of the enzyme [56]. Peptide synthesis enhanced by the addition of organic
solvents in the reaction mixture [57; 58; 59]. However, the reduced activity of enzymes
under anhydrous conditions is a major shortcoming of this approach and this can be
overcome only by the use of organic solvent tolerant proteases. The high degree of
organic solvent stability of alkaline proteases from B. amyloliquefaciens 35s indicated its
potential for application in peptide synthesis.

Table 4. Effect of different organic solvents on activity and stability of partially purified
alkaline proteases produced by B. amyloliquefaciens 35s.

Organic solvents Relative activity Residual activity

°0 .I. °0

Control* 1oo(¢/c)>.oo‘ (13 ct;)bil g‘{){)')

Benzene 72.54 +0.17° 69.7 + 0.20°

Xylene 49.6 +0.31° 54.4 +0.16°

Toluene 47.8 +0.14° 455 + 0.55°
Butanol 38.03+0.70° 30 £0.10°
Pyridine 22.61 £ 0.09% 0 +0.00°

Relative activity: activity measured relative to that obtained at pH 9 and 60 C in control without any solvent,
which is considered as 100 %.

Relative activity = (Activity of treated sample / activity of control samples) x 100.

Residual activity = (Activity of treated sample / activity of samples at 0 time) x 100.

Values with same superscripts did not vary significantly according to Tuky test at 5% level.

*Control without organic solvents.

The values are mean of three replicates + standard deviation.

3.2.4. Comparison of Bacillus amyloliquefaciens 35s alkaline proteases with
commercial proteases
This experiment was carried out to compare the specific activities of commercial
proteases with that of the produced proteases by B. amyloliquefaciens 35s. Purified B.
amyloliquefaciens 35s proteases were 23 fold more active than the commercial
Savinase® under the standard assay conditions (Table 5). Savinase® is a commercial
enzyme that is claimed to be active over a wide range of pH.
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Table 5. Comparison of B. amyloliquefaciens 35s alkaline proteases with the commercial
alkaline proteases SAVINASE® (P3111).

Enzyme Specific activity (u/mg)

Alkaline proteases from B.
; ; 5143
amyloliquefaciens 35s
Savinase from B. amyloliquefaciens 35s 220

Specific activity (umg”) of the sample was calculated by dividing the enzyme units (u) on the total protein
content.

3.3. Applications of the partially purified proteases
3.3.1. The recovery of silver from used X-ray films

This experiment was done to evaluate the recovery of silver from used X-ray
films using the produced alkaline proteases of B. amyloliquefaciens 35s. Visual
examination of the films clearly revealed the ability of proteases to hydrolyze the gelatin
cover in X-ray films leaving a clean polyester sheet while releasing silver into the
hydrolysate (Fig. 1). The enzyme was able to hydrolyze gelatin in X-ray films better at
higher temperature (50 and 6090) which was reflected in a shorter time for action at
these temperatures. Maximum gelatin hydrolysis was observed in the initial 15 min and
duration of 25 min was required for the complete stripping of gelatin from the X-ray films.
With the increase in the incubation temperature from 30°C to 60C, a corresponding
increase in the rate of hydrolysis of gelatin was noted. In a similar study, Sankar et al.
[16] have reported an increase in gelatin hydrolysis with increase in temperature. Also,
there was however no major difference in action at 50 and 60°C in gelatin hydrolysis.
Therefore, 50°C was chosen as the optimal temperature for hydrolysis due to lesser
heating requirements. Moreover, Nakiboglu et al. [35] selected 50°C for 15 min. as the
optimum temperature for the complete hydrolysis of gelatin by proteases from B.
amyloliquefaciens ATCC 6633. In another study, the proteases obtained from B.
amyloliquefaciens 35s took 25 min for the complete removal of gelatin, whereas the
proteases obtained from a fungal isolate Conidiobolus coronatus ATCC PTA-4132 [16]
took only 6 min. Masui et al. [60] reported that the alkaline proteases from the Bacillus
sp. B21-2 mutant took 30 min for the complete hydrolysis of gelatin layer at 50°C.

Hydrolysis of gelatin occurred best when Tris-Cl buffer of pH 9 was used;
indicating that it was the most ideal pH for hydrolysis of gelatin. The optimum pH for
stripping of the waste film by the enzymatic extract of B. amyloliquefaciens 35s was
found to be 8. Similar results were found by Nakiboglu et al. [35] where the optimum pH
to strip the waste film was 10 by B. amyloliquefaciens ATCC 6633. Other workers found
pH 10 or above to be ideal for gelatin hydrolysis. The ability of the proteases used in this
study, to work in different pH environments (tap water, distilled water and buffer) is highly
advantageous from the industrial point of view [16].

The conditions pH 9 and 50'C were found to be most ideal for the alkaline
proteases of B. amyloliquefaciens 35s for carrying out the hydrolysis of gelatin and the
release of silver from X-ray films. The ability of an enzyme to retain its activity for
repeated use makes it suitable for commercial application. It was found that the
proteases of B. amyloliquefaciens 35s could be reused for 4 runs. The efficiency was
found to drop after the 3“ run resulting in longer treatment time for achieving complete
hydrolysis in the 4" run. Sankar et al. [16] noted that the proteases from C. coronatus
could be reused 4 times and that, lowering the enzyme concentration resulted in longer
reaction time for complete gelatin removal and also reduced the number of recycles.
Masui et al. [60] observed that the treatment time increased after every reuse of enzyme
and the first decomposition was complete in 60 min while the 2" use required more than
2h.
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When compared to the proteases reported by Masui et al. [60], the alkaline
proteases of B. amyloliquefaciens 35s used in this study seem to be more efficient as it
was capable of withstanding reuse to a greater extent. In this era where natural mineral
resources are getting depleted rapidly all over the world; reuse or recycle remains the
most feasible option to slowdown this exhaustion. As single dose of enzyme could be
repeatedly used for recovery of silver from X-ray films, it clearly exhibited an important
trait that is essential for commercial application. Reuse of alkaline proteases of B.
amyloliquefaciens 35s was carried out at 50°C and pH 9. The proteases could be used
up to 4 runs (Table 6). More than 30 min of exposure time was required to achieve
completely clean sheets after the 3“ run.

Fig. 1. Decomposition of gelatin and release of silver. (a) Cuttings of the untreated X-
ray film (control). (b) Edges of film loss color after few minutes of exposure. (c)
Clean bluish polyester sheets obtained after enzyme treatment of X-ray sheets
while centrel films remained unchanged (erzyme solution turns turbid due te
the release of black metallic silver:

Table 6. Reuse of alkaline proteases for gelatin hydrolysis of X-ray film waste.

Reduction of weight (%) after 30

Run min of treatment based on the Observation
initial weight
1 4% 100 % Clean polyester sheets
2 3% 100 % Clean polyester sheets
3 2% 80 % Clean polyester sheets
100 % Clean sheets were obtained when
4 3% duration of exposure was prolonged up to
50 min

3.3.2. Application of proteases as detergent additive
3.3.2.1. Stain removal

Wash performance revealed that the partially purified alkaline proteases (PPAP)
of B. amyloliquefaciens 35s was very effective in removing blood and egg yolk stains
from cotton fabric when used in combination with a detergent (Fig. 2). In case of egg yolk
stain removal, the enzyme even in the absence of detergent was found to be quite
effective. The proteases were capable of removing stains both at 50°C and room
temperature. Wash performance of partially purified alkaline proteases and/or detergent
solution were evaluated by subjecting it to blood and egg yolk stain removal test from
cotton fabric at 50°C. The combination of detergent and proteases solution was most
effective in the removal of blood stain indicating that the enzyme aided the detergent in
its cleaning action or improving the wash performance of the detergent. Moreover, the
alkaline proteases of this study were capable of removing stains that had been made
really stubborn by oven drying.

With drying and ageing proteinaceous stains strongly resist action of most low
cost and high volume detergents [11]. These stubborn stains can be easily removed only
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499 by detergents incorporated with proteases that attack hydrolytically, the peptide bonds in
500 the proteins. The ability of alkaline proteases to act on different types of stains satisfies
501 the primary criteria of broad substrate specificity for its application as laundry detergent
502 ingredient. The alkaline proteases from B. amyloliquefaciens 35s exhibited its stain
503 removing capabilities even at room temperature. This of advantage, as the detergent
504  industry is now looking for enzymes that work under lower wash temperatures. However,
505 the washing efficiency of the enzyme increased with the increase in the temperature of
506 incubation. The use of alkaline proteases for the removal of proteinaeous stains from
507 cotton fabric has been reported by Abou-Elela et al. [12].

508
Blood stain removal Egg yolk stain removal
Control PPAP alone Control PPAP alone
(without detergent or (without detergent or
PPAP) PPAP)
r
‘ |
»«Pj /
Detergent + PPAP Detergent alone Detergent + PPAP Detergent alone
o L%
L
/ ‘
Fig. 2. Washing treatments of stained cotton fabric by the partially purified alkaline proteases
(PPAP) of B. amyloliquefaciens 35s.
509
510 From the characterization study, it is clear that the alkaline proteases of B.

511 amyloliquefaciens 35s is a promising detergent additive as it is active at alkaline
512 conditions and also over a broad temperature range which would facilitate washing even
513 at room temperature. Apart from these properties, good detergent proteases are
514  expected to be stable in the presence of commercial detergents as well. The
515 compatibility of alkaline proteases varied with different detergent brands, however more
516 than 42 % residual activity was observed with all the commercial detergents after 60 min
517 of incubation at 40°C. A similar observation was made by Rai and Mukherjee [61] in
518  which they found alkaline proteases from Bacillus sp. had a residual activity of 43 %
519  when incubated with different detergents. When compared to proteases of V. fluvialis
520 [62], the proteases from Bacillus sp. exhibited greater compatibility with the laundry
521  detergents Ariel (77.45 %), Sunlight (63.15 %) and Surf excel (78.83 %). The enzyme
522 produced by B. cereus retained more than 80 % of its activity in the presence of
523  detergents Surf excel, Ariel and Henko [39]. When weighed against the proteases from
524 Conidiobolus coronatus (NCL 86.8.2) [62], Bacillus sp. SSR1 [64], and Basidiobolus [65]
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the proteases from Bacillus sp. was found to be more compatible with commercial
detergents.

3.3.3. Amino acid production from chicken feather waste

Feather are a significant source of protein for livestock because of their high
protein content (>85 % CP) [66]. Raw chicken feather, however, are very poorly digested
to be used as a feed ingredient for non-ruminant animals. Although keratin can be
completely dissolved by reducing agents like copper sulphate, mercapto-acetate,
iodoacetic acid, sodium sulphite, sodium tetrathionate [67], these methods are not
suitable for the large scale application. In order to overcome these limitations, the use of
microbial enzymes which improves the nutritional value of feather wastes have been
implemented in recent years. In the current work, B. amyloliquefaciens 35s was grown in
mineral medium containing different concentrations of raw feather as the sole carbon
and nitrogen source. The strain exhibited the highest enzymes production (645 u/ml)
after 72 h of culturing in medium containing 30 g/l of chicken feathers (Fig. 3). At this
feather concentration, the highest levels of amino acid production (25.8 g/l) was reached
after 120 h of cultivation (Fig. 4) and the maximum productivity of soluble proteins and
peptides (6 g/l) was after 96 h of cultivation (Fig. 5). Fig. 6a illustrates feather hydrolysis
during 144 h of cultivation by B. amyloliquefaciens 35s at 37 'C. Feather was completely
hydrolysed after 144 h of incubation. The direct treatment of feather with the partial
purified alkaline proteases (PPAP) showed extensive hydrolysis after 48 h of incubation
at 37°C (Fig. 6b).
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Fig. 3. Effect of feather concentration on proteases production in cultures of B.
amyloliquefaciens 35s.
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Fig. 4. Effect of feather concentration on amino acid production in cultures of B.
amyloliquefaciens 35s.
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Fig. 5. Effect of feather concentration on soluble proteins and peptides in cultures of B.
amyloliquefaciens 35s.

Efpny

o b ,": Pf,’ f

Control 48 144 h Control 24 48 72 96 144 h

Fig. 6. (A) Feather hydrolysis during 144 h of cultivation by B.
amyloliquefaciens 35s at 37°C. (B) The direct effect of the partial
purified alkaline proteases (PPAP) on one feather hydrolysis (0.1 ml
of PPAP was added to test tube containing one feather in 10 ml tap
water and incubated at 37°C for 144 h of incubation.

Similar results were obtained by Fakhfakh et al. [41] who used B. pumilus A1 to
produce high levels of amino acids and peptides (34 + 2.0 g/l) and soluble proteins and
peptides (5.9 = 2 g/l) in medium containing 30 g/l of feathers. However, at 60 g/l feather,
proteases, amino acids, peptides and soluble proteins production were reduced.
Moreover, Borah et al. [43] used the strain MPTK6 to degrade raw feather to feather
protein hydrolysate (FPH) under optimal conditions (30 g/l chicken feather, pH 10.0 and
72 h of fermentation). While, Mariana et al. [68] used Bacillus sp. to degrade FPH under
optimal conditions (945 g/l chicken feather, pH 9 and 96 h of fermentation).

In this study, results of characterization of the proteases produced by B.
amyloliquefaciens 35s showed that the enzyme functions well at relatively high
temperature (60°C) and at pH 9, indication thermal and alkalinity classification of the
enzyme. Stability of the enzyme in the presence of surfactants and oxidizing agents,
stain removing capabilities along with its detergent compatibility indicated a promising
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suitability for application in laundry detergent formulations. The enzyme showed to have
great potency to be used in recovery of silver from used X-ray films, and hydrolysis of
chicken feather for the production of amino acids.

CONCLUSION

Purification with ammonium sulfate at 70% achieved specific activity of 5143
(u/mg), which is 2.6 fold the activity of the crude enzyme (1408.5 u/ml). Optimum pH of 9
indicates alkalinity class and optimum temperature of 60°C indicates thermal
classification. The enzyme retained nearly 100 % and 65 % activity in presence of 0.1 %
and 0.5 % of SDS respectively. Tween 80 at 0.5 % and 1% enhanced the activity of
proteases, and increasing concentration above that did not cause significant difference
in activity. The produced protease exhibited significant stability towards almost all the
tested organic solvents. The purified proteases produced by Bacillus amyloliquefaciens
was 23 fold more active than the commercial Savinase® under the standard assay
conditions.

Testing protease produced by Bacillus amyloliquefaciens in various applications
showed to have great potency to be used in detergent formula, in recovery of silver from
used X-ray films, and hydrolysis of chicken feather for the production of amino acids
from hydrolysate.
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