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Alkaline protease from Bacillus amyloliquefaciens SP1 has been characterized in detail for its ecofriendly application of
release of silver particles from gelatin layers of used X-ray films. It exhibited optimum activity at broad temperature range
and maximum at 60⁰C under alkaline pH environment (8-12). Thermal inactivation of the crude enzyme followed ﬁrst order
kinetics. The half-life of the enzyme at 50, 60 and 65⁰C was 70, 15 and 12.6 min, respectively and the denaturation energy
was 114.87 kJ/mol. Enzyme retained 53.83 and 108.33% of its initial activity after heating for 15 min at pH 8.0 and
temperature 60⁰C, in presence and absence of 10 mM MnSO4, respectively. Enzymatic decomposition of gelatin layers was
enhanced by increase of enzyme concentration from 38 to 3630 µg/ml/min, at 60⁰C and pH 8.0. This study reported the
shortest time of 1.30 min at 3630 µg/ml/min and 4 : 30 min at 74 µg/ml/min of enzyme concentration for hydrolysis of
gelatin layers. Keeping in mind that, nowadays recycling is needed and imperative, this is the first study to report that after
addition of Mn2+ ions, thermal stability of enzyme increased and it could be effectively reused for 8 cycles as compared with
enzyme without protective agents which also increase its yield of silver recovery i.e. 19.56 ± 0.78% by eight times.
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Introduction
Protease constitutes one of the most important
groups of industrial enzymes, accounting for more
than 65% of total industrial enzyme market and it has
diverse applications in a variety of industries, such as
detergent, food, pharmaceutical, leather, silk, silver
recovery and production of protein hydrolysates1.
Proteases are also envisaged as having extensive
applications in development of ecofriendly technologies
as well as in several bioremediation processes2. The
waste X-ray photographic films containing black
metallic silver spread in gelatin are a very good
source of silver and polyethylene terephthalate (PET)
recovery compared with other types of film such as
news printing film negatives and lithography films
etc3. X-ray film is a PET sheet coated on both sides
by radioactive materials which is sensitive to light.
Around the world, more than 2 billion radiographs are
taken each year, including chest X-rays, CT scan etc4.
The amount of silver in these kind of films varies
between 1.5 to 2 per cent by weight. Numerous
——————
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studies have been carried out from time to time to
recover silver from used radiographic films. The
silver recovery methods include: burning of film
directly5, oxidation of metallic silver followed by
electrolysis6, stripping the gelatin-silver layer using
microbial enzymes specifically alkaline proteases and
the acid leaching process7. Used X-ray films are
incinerated at high temperatures and the silver is
recovered from ash by smelting and refining process.
However, besides creating environmental pollution
and health hazards, combustion of films proves
inefficient in PET recovery. Moreover, this is an
expensive method as it involves incurring of high
costs of maintaining the furnace and treatment of
effluent soot and smoke8. Yet, incineration of used
X-ray films is a conventional method being used at
present for recovery of silver. An alternative to this is
acid leaching process in which films are submerged
in strong acid solution in order to extract the gelatin.
Therefore, there is an urgent need to develop
cost-effective and pollution free methods to recover
both silver and PET from X-ray photographic waste.
Proteolytic enzyme from microbial sources breaks the
gelatin layer embedded with silver in films creating
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pollution free, easy and cost effective stripping. The
proteolytic enzymes hydrolysis of the gelatin layers
on the X-ray film enables not only the recovery of
silver but also PET base, which can be recycled.
However, only a few works using microbial proteases
of fungal and bacterial origin have been reported as an
alternative to the burning and oxidation methods
of silver recovery3,7-11. In the present work, the
decomposition of gelatin layers on X-ray films and
the consequent silver removal were investigated
using alkaline protease of B. amyloliquefaciens SP1,
isolated from apple rhizosphere from northern
Himalayas. In addition, several studies were
conducted in order to characterize and to know the
thermostabilty of the enzyme with the aim of reusing
of these enzymes in repeated cycles of gelatin
hydrolysis and silver recovery from used X-ray films
at high temperatures.

India) in 1 X PCR buffer. Reaction was cycled
35 times as 94oC for 1 min, 50oC for 30 s, 72oC for 90
s followed by ﬁnal extension at 72oC for 10 min. The
PCR products were analyzed on 1% agarose gel in
1 X TAE buffer, run at 100 V for 1 h. Gels were
stained with ethidium bromide and photographed.
Ampliﬁed PCR products were eluted from the gel
using gel extraction kit (Real Genomic (Hi Yield TM
Gel/PCR DNA Extraction Kit), eluted fragment was
then sequenced (Xcleris, India) using PCR primers.
The sequence was aligned with corresponding
sequences of 16S rDNA from the database using basic
local alignment search tool (BLAST)14. Multiple
alignments with sequences of related taxa of the genus
Bacillus were implemented using CLUSTALW15. A
neighbor-joining phylogenetic tree was constructed
using PHYLIP version 3.616. Tree was viewed with
the help of TreeView17.

Materials and Methods

Enzyme Production

Strain Isolation and Characterisation of Rhizospheric Proteolytic
Rhizobacteria

Forty rhizobacteria were obtained from rhizosphere
of 20 healthy 20-year-old apple trees collected from
five apple orchards located in Chamba, Himachal
Pradesh, India, at an altitude of 2,135 m above mean
sea level. The potential isolates were screened and
selected on the basis of halo zone produced in casein
agar medium (CAM) with following composition
(g/l) : 2.5 g yeast extract, 5 g casein, 1 g glucose, 15 g
agar powder and supplemented with skimmed
milk, at 37⁰C and pH 8.0. Among 40 proteolytic
rhizobacterial isolates, isolate SP1 which had marked
casein hydrolysis activity on CAM and also showed
maximum hydrolysis of gelatin, bovine serum
albumin and egg albumin was subjected to further
identification according to phenotypic and metabolic
ﬁngerprinting using commercial kits i.e. KB009 Hi
carbohydrateTM kit (HiMedia, Mumbai, India) as per
Bergey’s Mannual of Systematic Bacteriology 12 and
16S rRNA sequence analysis.
Species level identiﬁcation of strain was conducted
by 16S rDNA sequence comparison. Briefly, the
DNA was isolated by using conventional method13.
PCR reaction was carried out in 20 µl reaction
containing ~50 ng of template DNA, 20 pmol of each
forward primer fC1 (5'-GCAAGTCGAGCGGACAG
ATGGGAGC-3') and reverse primer rC2 (5'-AAC
TCTCGTG GTGTGACGGGCGGTG-3'), 0.2 mM
dNTPs and 1 U Taq polymerase (Genei Bangalore

For alkaline protease production by submerged
fermentation, the proteolytic rhizobacterial strain was
incubated in Erlenmeyer flasks with the production
medium having composition g per 100 ml : 2 g casein,
0.4 g yeast extract, 2 g maltose, 0.1 g KH2PO4, 2 g
gelatin. For alkaline protease production, the pH (8.0)
of the medium was adjusted with 1N NaOH,
inoculated with 1% (v/v) of 24 h old broth culture
and incubated at 37⁰C for 48 h on a rotary shaker at
100 rpm. After incubation the culture broth was
centrifuged at 12,000 rpm for 15 min. The cell free
supernatant was used as a source of crude enzyme
for silver release from used X-ray films and
thermostability.
Determination of Proteolytic Activity

Enzyme activity was measured according to the
method described by Sigma with slight modifications.
One milliliter of culture filtrate was added with 5 ml
of 0.5% (w/v) casein solution in Tris-HCl buffer of
pH 8.0 and incubated for 5 min at 60⁰C. The reaction
was stopped by addition of 5ml of trichloroacetic acid
(110 mM). The reaction mixture was centrifuged
at 10,000 rpm for 5 min and to 2 ml of supernatant
5 ml of 500 mM Na2CO3 was added followed by 1 ml
Folins-Ciocalteau reagent. The amount of tyrosine
released was determined spectrophotometrically at
660 nm against the enzyme blank.
One unit of protease activity was equivalent to the
amount of enzyme that is required for the releasing 1 µg
of tyrosine/ml/min under standard assay conditions.
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Determination of the pH and Temperature Optimum of
B. amyloliquefaciens SP1 Protease

The pH and temperature optimum of crude
protease was assayed by incubating the reaction of the
enzyme at different temperatures (40 - 65⁰C) in pH
range of 6 - 12 and analyzing its activity using casein
as a substrate and buffer systems of 0.2 M phosphate
buffer for pH 6.0 and 7.0, Tris HCl buffer for pH
8.0 and 9.0, glycine NaOH for pH 10 - 11 and,
sodium phosphate for pH 12.0.
Effect of Temperature on Enzyme Stability of B. amyloliquefaciens
SP1 Protease

The thermostability of the enzyme was examined
by incubating it at different temperatures ranging
from 40⁰C to 60⁰C for 180 min. Aliquots were
withdrawn at desired time intervals, and the remaining
protease activity was measured under standard assay
conditions. The non-heated enzyme was taken as
100 per cent.
The rate constants for denaturation (kd) of the
enzyme at different temperature (40 - 65⁰C) were
obtained from Eq. (1) after fitting the residual
proteolytic activities with respect to incubation time,
using first order non-linear regression
At / A0 = e-kdt
.... (1)
Where At is the enzyme activity at the time t, A0 is
the initial enzyme activity, kd is rate constant for
denaturation and t is the time.
The half-life of the enzyme (t1/2 min) was
calculated according to Eq. (2):
t1/2 = ln (2) / kd
... (2)
Mean life time (min) was also calculated using
formula given in Eq (3):
Half time (t1/2) = Mean life time × ln (2)

... (3)

Substrate Speciﬁcity

The substrate speciﬁcity of the protease was assayed
with different protein substrates such as casein, gelatin,
egg albumin and bovine serum albumin (BSA).
The reaction mixture containing 1 ml of enzyme and
5 ml of substrate (0.5%) were incubated at 60⁰C for
5 min and the relative activity was estimated
by standard assay.
Thin Layer Chromatography (TLC) Analysis of Enzymatic
Hydrolysis Products of Casein, Gelatin and Bovine Serum
Albumin

Separation of the hydrolysis products was carried
out by using TLC plates coated with silica gel G250
and chromatogram was developed with butanol-acetic
acid-water (8 : 2 : 2) (v/v) solvent system. The plate

was then sprayed with ninhydrin reagent
and incubated at 11oC for 10 min. The hydrolysed
products were detected by means of Rf value of
standards. Histidine, arginine, tryptophan, tyrosine
and glycine were used as standards.
Effect of Various Metal Ions

Impact of various metal ions (Hg2+, Na+, Fe2+, Zn2+,
Mg2+, Mn2+ and Ca2+ ) on the crude enzyme catalytic
behavior was studied by pre-incubating crude enzyme
at room temperature in specified ion (5 mM and 10 mM
final concentration) containing buffer solution.
After 30 min of incubation, casein was added and
residual activity was measured.
Thermal stability was also determined by incubating
the enzyme preparation 15 min at various temperatures,
in the absence or presence of 10 mM MnSO4.
Aliquots were withdrawn at desired time intervals to
test the remaining activity at pH 8.0 and 60⁰C.
The non-heated enzyme was considered as control
(100 per cent).
Release of Silver Particles from Gelatin Layers of X-ray Films

Used X-ray films (cut into 2.5 × 2.5 cm) were
washed with distilled water, wiped with cotton
impregnated with ethanol and dried at 40⁰C for
30 min. After that, X-ray film piece was incubated
with 5 ml of crude enzyme (pH 8.0, 3630 µg/ml/min)
and buffer solution as control, such that the film was
completely immersed in the solution, at 60⁰C in a
water bath under continuous shaking. Aliquots
were withdrawn periodically to monitor the progress
of the reaction by measuring the change in the
turbidity of the reaction mixture at 660 nm. Measures
at 660 nm were performed at least in triplicate and
data were expressed as means ± standard deviations.
The hydrolysis time was defined as the time in which
turbidity (OD660) attained its maximum value8,9.
Effect of Enzyme Concentration on the Hydrolysis of Gelatin
Layers

The effect of enzyme concentration on the
hydrolysis of gelatin was measured by incubating
2.5 × 2.5 cm X-ray film with 5 ml of crude enzyme at
60⁰C and pH 8.0 and protease activity ranging from
38 to 3630 µg/ml/min. Samples were withdrawn
at regular intervals until the gelatin layer was
completely stripped off, and the time required for
complete removal was noted. The extent of hydrolysis
was expressed as the percentages compared
with the highest absorbance, which was taken as 100
per cent.
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Weight Loss of used X-ray Film during Silver Recovery
Process and Release of Silver

Wight loss of the X-ray films was analyzed by
measuring the weight of used X-ray film before and
after complete removal of gelatin layer from 2.5 × 2.5
cm of the film. Silver was recovered from hydrolysate
by addition of 5 ml 0.1 N HCl as AgCl precipitate and
yield (per cent) was determined.
Reusability of the Crude Enzyme for Gelatin and Silver
Removal from Used X-Ray Film

In order to study the reusability of the crude
enzyme for gelatin hydrolysis and silver removal from
the X-ray films, experiments were performed using
74 µg/ml/min of the crude enzyme at 60⁰C and pH
8.0. After complete removal of the gelatin, the
enzyme-treated X-ray film was removed from the
reaction mixture and a new untreated one was added
to the same crude enzyme solution and the incubation
continued until complete removal of gelatin was
observed. This procedure was repeated until gelatin
hydrolysis stopped. The time required for complete
gelatin removal in each cycle was noted8.
Application of Protease in Dehairing Studies

The dehairing property of the crude enzyme was
studied by using fresh goat skin pieces with hair
measuring 4 cm2. The skin pieces were dipped in
Erlenmeyer flask (250 ml) containing 8 ml of crude
protease (15% final concentration) and 42 ml of
0.2 M Tris HCl buffer (pH 8.0) and then incubated at
35⁰C for 6-24 h before analyzing for dehairing
property.
Results and Discussion
Strain Identification

Strain SP1 was isolated from rhizosphere of the
planted population of apple trees growing at District
Chamba of Himachal Pradesh, India, which showed
maximum clear zone on casein agar plates after 48 h
of incubation, as lytic enzyme production viz.,
protease, chitinase and amylase is one of the indirect
plant growth promoting traits of rhizobacteria.
In liquid fermentation, strain SP1 showed 3630
µg/ml/min protease activity at 37⁰C after 48 h on a
rotary shaker at 100 rpm. The strain SP1 was
characterized initially according to morphological,
physiological and biochemical characteristics
(Table 1). The isolated colonies on casein agar
medium after 48 h of incubation were cream colour,
irregular, undulate, wrinkled and 0.5 – 0.8 mm in
diameter. The morphological characteristics of the
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Table 1 — Phenotypic and metabolic characteristic of the B.
amyloliquefaciens
Characteristics

Bacillus amyloliquefaciens

Colony morphology
Gram character
Sporulatiing
Motile
Gelatin liquefaction
Starch hydrolysis
Catalase
Cellulolytic
Oxidase
Urease production
H2S prouction
Utilization of
Lactose
Xylose
Maltose
Fructose
Dextrose
Galactose
Rafﬁnose
Trehalose
Melibiose
Sucrose
L-Arabinose
Mannose
Inulin
Sodium gluconate
Glycerol
Salicin
Dulcitol
Inositol
Sorbitol
Mannitol
Arabitol
Erythritol
a-MethylD-glucoside
Rhamnose
Cellobiose
Melezitose
a-MethylD-mannoside
Xylitol
ONPG
Esculin hydrolysis
D-Arabinose
Citrate utilization
Malonate utilization

Irregular undulate wrinkled
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

strain were as follows: the cells were Gram positive,
rods, spore forming and motile. The rods occurred
singly or in chains. The isolate is an aerobic and
catalase producing strain. The isolate tested positive
for gelatin liquefaction and starch hydrolysis. The
strain was positive for esculin hydrolysis and could
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utilize a wide array of carbohydrates (assessed using a
KB009 Hi366 carbohydrate TM Kit (HiMedia,
Mumbai, India), including xylose, lactose, galactose,
raffinose, trehalose, L-arabinose, glycerol, sorbitol,
mannitol, erythritol and melezitose as sole carbon
source. The 16S rDNA sequence of the expected size
i.e. 1375 bp of strain SP1 was also compared with the
corresponding sequences of different B. amyloliquefaciens
reported from different parts of the world. Sequence
analysis revealed that SP1 belongs to B. amyloliquefaciens
as it showed maximum homology with B. amyloliquefaciens
(Accession no. Eu855195) (Fig. 1). The phylogenetic
tree (Fig. 1) also veriﬁed SP1 as B. amyloliquefaciens
clustered closely with B. amyloliquefaciens with
high bootstrap value (92%). The 16S rDNA sequence
of the strain has been deposited in the GenBank
database under accession number KF923792. Based
on above morphological, biochemical and molecular
characterization, the strain SP1 was identiﬁed as
B. amyloliquefaciens.
B. amyloliquefaciens strain SP1 was cultured in
production medium for 48 h at 37⁰C, pH 8.0 for
protease production (3630 µg/ml/min). The crude
enzyme was characterized and assessed for its

potential application in the decomposition of gelatin
layers and corresponding silver release from used
X-ray films.
Temperature and pH Mediated Activity Profile of B. amyloliquefaciens
SP1 Protease

The enzyme produced by B. amyloliquefaciens SP1
showed its optimum activity at pH 8.0 at different
temperatures (40 - 65⁰C) indicating that this enzyme
belonged to alkaline protease group (Fig. 2a). Any
further variation of the pH of the reaction mixture
caused reduction in catalytic activity. Enzyme showed
30 - 40% relative activity at pH 7.0 and below it with
respect to protease activity at pH 8.0, which was
indicating its alkaline nature. However, 35 - 56%
activity was maintained up to pH 12 at different
temperatures with respect to pH 8.0. In general,
bacteria belonging to Bacillus genus are known to
secrete mostly alkaline proteases which exhibit pH
optima between 8 to 1118. Nilegaonkar et al19
reported protease with broad range of pH from 6.0 to
12.0 having optimum activity at pH 9.0 and
drastic reduction with the change of pH on either side
of pH optima.
Analysis of temperature dependent protease
activity at pH 8.0 revealed that the enzyme catalytic
behavior was greatly influenced by increase in
incubation temperature from 40 to 65⁰C (Fig. 2b).
Maximum enzyme activity was observed at 60⁰C and
further increase or decrease in incubation temperature
reduced the enzyme activity. However, enzyme
showed 40.45 % relative activity even at 65⁰C.
Effect of Temperature on Enzyme Stability of B. amyloliquefaciens
SP1

Studies on the thermostability of enzyme at
temperatures varying from 40⁰C to 60⁰C revealed that

Fig. 1 — Phylogenetic tree based on 16S rDNA sequences, drawn
using the neighbor joining method with evolutionary distances
computed using Kimura’s two parameter method, showing the
relationship of Bacillus amyloliquefaciens (71: strain SP1) with
published sequences of related genera.

Fig. 2 — a) Effect of different pH and temperature on activity of
crude protease; b) Residual activity (%) of crude protease at
different temperatures (40 to 65ºC) at pH 8.0.
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it was very stable at low temperatures upto 40⁰C, and
for temperatures above 40⁰C, heat inactivation
displayed typical first-order kinetics (Fig. 3). At
50⁰C, the enzyme had a half-life (t1/2) of 70 min and
mean life time of 100.99 min, whereas at 65⁰C, the t1/2
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and mean life time was 12.6 and 18.58 min,
respectively (Table 2). Comparing with others
reports, B. amyloliquefaciens protease seems to be
more stable than the alkaline protease reported by
Singh et al28; Nakiboglu et al3; Choudhary27; Mausi
et al10 (at 60⁰C, these enzymes were readily inactivated).
However, Ghorbel et al20 (t1/2 : 45 min at 60⁰C) and
Rao et al21 (t1/2 : 150 min at 75⁰C) proteases showed
high stability. As can be seen in Table 3, the kd value
i.e 0.046 min-1 at 60⁰C was significantly higher for
enzyme than that at 50⁰C i.e kd = 0.0099 min-1,
suggesting higher stability of enzyme against thermal
inactivation at 50⁰C.
Thermo-Inactivation Studies

Fig. 3 — Temperature stability of crude protease from Bacillus
amyloliquefaciens: (◊) 40ºC, (■) 50ºC, (▲) 60ºC

Thermal inactivation studies indicated a high
correlation coefficient (0.96) suggesting the first order
deactivation kinetics in the temperature range of
40-65oC (Fig. 4) indicating its irreversible inactivation at
higher temperatures1. The high value of deactivation
energy (114.87 kJ) was calculated from Figure 3 and

Table 2 — Total cellular fatty acid profile of isolate 71C
RT
7359
1.1374
1 1525
1.2032
1.5403
1.5917
1.6253
1.6431
2.1091
2.1295
2.2325
2.3195
2.3477
2.6287
2.6924
2.7433
2.764
2.8105
2.8928
2.9136
2.9432
2.9736
2.9993
3.0579
3.3054
3.3709
3.431
3.555
3.6187
4.1884
4.2104
....

Response
1.00E+09
532
776
723
650
954
1567
888
517
798
1008
3625
20790
1482
1078
7870
581
556
1245
503
3008
9162
1549
558
3465
2241
1556
1421
480
729
452
1078

Ar/Hl
0.018
11
0.017
0,012
0.011
0.01
0.01
0.01
0.009
0.009
0.011
0.009
0 009
0,010
0.011
0.009
0.011
0.013
0.014
0.011
0.01
9
0.012
0,010
0.011
0.01
0.024
0.017
0.011
0,014
0.014
...

RFaet
1 143
—
—*
....
1.015
....
....
....
0.961
—
0.952
0.951
0.945
0.945
0.944
....
....
0.945
—
0.945
0.945
0.946
0.946
0.951
0,953
0.955
....
....
—
—
....

ECL
6.7151
9.6127
9.7215
10.0683
11.7747
12.008
12.1392
12.209
13.929
1,40,008
14.3418
14.6296
14 7228
15.6316
15.8357
15.9989
16.0646
16.2129
16.4749
16.5413
16.6355
16.7322
16.8143
1,70,007
17.7934
18.0033
18.1998
18.6062
18.8149
20.7001
20 7733
—

Peak name
SOLVENT PEAK
10:0 iso

12:00

14:00
15:0 iso
15:0 aniciso
16:0 iso
Sum In Feature 3
16:00

17:1 isow5c
17:0 iso
17:0 aniciso
17:1 w8c
17:00
18:1 \v9c
18:00
17:0 iso 30H
unknown 18,815

Summed feature 3

Percent
—
1.07
'
—
--1.7
—
—

Comment1
< min ft
ECL deviates -0.003

Comment2
Reference -0.014

ECL deviates 0.008

Reference 0.004

1.35
—
6.06
34.69
2 46
1.79
13.04
—
—
2.06
—
499
15.19
2.57
0.93
5.78
3.75
2.61

ECL deviates 0.001

Reference -0.001

ECL deviates -0.002
ECL deviates -0.002
ECL deviates -0.001
ECL deviates -0.004
ECL deviates -0.001

Reference -0.004
Reference -0.004
Reference -0.004
16:1 w7c/16:l w6c
Reference -0.004

ECL deviates -0.002
ECL deviates -0.001
ECL deviates -0.001
ECL deviates 0.001
ECL deviates -0.001
ECL deviates 0.003
ECL deviates 0.007

—
—
—
179

ECL deviates 0.000
> max rt
> max rt
16:1 w7c/!6:l w6c

ECL deviates -0.008
Reference -0.006
Reference -0.005
Reference -0.004
Reference -0.005

16:1 w6c/!6:l w7c

454

INDIAN J BIOTECHNOL, JULY 2018

Table 3 — Thermal inactivation parameters of Bacillus
amyloliquefaciens protease at different temperature
Temperature
(⁰C)

kd
(min-1)

t1/2
(min)

Mean life time
(min)

D value
(min)

50⁰C
55⁰C
60⁰C
65⁰C

0.0099
0.022
0.046
0.055

70
31.5
15
12.6

100.99
45.44
21.64
18.58

232.63
104.68
50.07
41.87

Fig. 5 — Effect of various substrates on crude protease activity.

Fig. 4 — Temperature dependence of the thermal inactivation
constant of the protease.

4, which is uncharacteristic of a covalent reaction, and
agrees with the existence of protein unfolding
followed by refolding into new thermodynamically
stable structure but catalytically inactive as reported
by Rao et al21. Another thermal inactivation parameter
that is generally used to represent a first-order
reaction is the D-value, which is the time needed for a
10-fold reduction of the initial activity at a given
temperature. D-value varies from 41.87 min to 232.63
min at temperatures 50oc to 65oC for crude protease.
Such stability of enzyme at higher temperatures
was more than the protease reported by Cavello et al7
having t1/2 of 12 min and D value of 39.6 min at 60⁰C,
revealing its potential importance in reuse of this
enzyme in repeated cycles of gelatin hydrolysis and
corresponding silver release from used X-ray films at
high temperatures.
Effect of Different Substrate on Enzyme Activity

The substrate speciﬁcity studies revealed that the
protease activity was higher when casein (100%) was
used as substrate followed by gelatin (67.62%),
bovine serum albumin (37.57%), and egg albumin
(33.17%), respectively (Fig. 5). Similarly, proteases
of B. cereus TKU00622 and Bacillus laterosporusAK123 were also reported to produce higher protease
activity when casein used as substrate.
In order to evaluate the mode of action of the crude
alkaline protease of B. amyloliquefaciens SP1, the
hydrolytic products of the casein, gelatin and BSA

Fig. 6 — Thin layer chromatographic analysis of enzymatic
hydrolysis products of casein, gelatin and bovine serum albumin
by alkaline protease after 5 min of incubation at 60⁰C.

incubated with alkaline protease for 5 min were
identified by histidine (Rf : 2.56), arginine (Rf : 2.31),
tryptophan (Rf : 1.28), tyrosine (Rf : 1.36) and glycine
(Rf : 1.72) amino acids as standards using thin layer
chromatography (TLC) (Fig. 6). Alkaline protease
effectively hydrolyzed casein, gelatin and BSA and
produced tyrosine (Rf : 1.36) and tryptophan (Rf :
1.28) as main hydrolysis products after 5 min of
incubation time (Fig. 6). However, the hydrolysate
of BSA also showed the presence of some other
components as indicated by unidentified spot having
Rf value of 1.26 which might represent some
unknown amino acids or short peptides for which
standards were not used as shown in Figure 6. In
order to better understand the mode of action of the
crude alkaline protease, the hydrolytic products of
casein, gelatin and BSA incubated with alkaline
protease were identified by histidine, arginine,
tryptophan, tyrosine and glycine standards, as
expected, protease hydrolyzed them and produced
mainly tyrosine and tryptophan. Thus, this study
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reveal that for detection of protease activity of an
organism, tryptophan can also be used as standard
other than tyrosine while using casein, gelatin and
BSA as substrate. There are very few articles
reporting the use of TLC for detection of enzymatic
hydrolysis of starch by amylase24-25.
Effect of Metal Ions on Protease Activity

Manganese (Mn2+) positively regulated the enzyme
activity and other tested metals did not show much
influence except Hg2+ and Fe2+ compared to control
(Table 4). The Mn2+ ion dependent activity improvement
indicated that the enzyme belonged to metalloprotease
group and required manganese ions for its optimal
activity. This phenomenon might be attributed
to manganese ion involvement in stabilization
of the enzyme molecular structure as reported in
some of the proteases derived from Bacillus cereus28.
There are several research reports that instanced
the significant role of divalent metal ions in
stabilizing and enhancing the activity of alkaline
proteases. In particular metal ions like Ca2+, Mg2+ and
Mn2+ individually or in combination have been found
to give maximal activity to the enzyme.
The effect of temperature on the stability of the
alkaline protease was also studied by incubating the
enzyme preparation for 15 min at pH 8.0 and
temperatures ranging from 30 to 70⁰C in the presence
or absence of 10 mM MnSO4. The thermal stability
proﬁles showed that Mn2+ was required for enzyme
stability above 40oC (Fig. 7). At 60oC and 70oC, the
enzyme retained 53.83 and 19.21 per cent of its
activity in the absence of MnSO4, respectively,
however, 108.33 and 92 per cent of enzyme activity
was observed in presence of MnSO4, respectively.
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In 2008, Dodia et al have also reported an alkaline
protease from a new haloalkalophilic bacterium AH-6
which required 2 mM Ca2+ to reach its maximum
activity at 50oC (Dodia et al 2008). In this study,
MnSO4 (10 mM) was selected for enhancement of
enzyme activity with the aim to enhance the
reusability of the Bacillus amyloliquefaciens SP1
protease in repeated cycles of gelatin hydrolysis
and silver removal from used X-ray film at high
temperatures.
Release of Silver from Gelatin Layers of X-ray Films

Alkaline proteases exhibit activity in the neutralalkali region with pH optima at values 8.0 - 11.0.
Bacillus strains are the major source for alkaline and
neutral proteases (Rao et al21). In present study,
B. amyloliquefaciens SP1, isolated from apple
rhizosphere, produced extracellular alkaline and
thermostable protease when microorganism was
cultured in a low cost process using casein as substrate.
The crude enzyme (3630 µg/ml/min) was assessed for
it potential application in the decomposition of gelatin
layers and silver recovery from used X-ray films.
Enzymatic decomposition of the gelatin layers was
carried out by using crude enzyme at 60oC because of
high thermal stability of this enzyme. Crude protease
decomposed 75% of the gelatin layers after 60s and
complete breakdown was achieved after 90 s. On the
other hand, Masui et al27 reported that at 50oC,
Bacillus sp. B21-2 protease took about 45 min for the
complete hydrolysis, whereas Nakiboglu et al3
reported that Bacillus subtilis ATCC 663 protease
took less than 15 min at 50⁰C, but at 60⁰C, enzyme
was rapidly inactivated. However, the fungal
proteases of C. coronatus showed hydrolytic action

Table 4 — Effect of different metal ions on crude protease
Metal ions
Control
Hg2+
Fe2+
Zn2+
Na1+
Ca2+
Mg2+
Mn

2+

Concentration
(mM)
0
5
10
5
10
5
10
5
10
5
10
5
10
5
10

Residual activity
(per cent)
100
23.67
17.67
19
14
96.67
96.32
94.69
86.87
100
90.12
90.78
90.22
187.99
242.73

Fig.7 — Effect of temperature on thermal stability of the protease,
the enzyme was preincubated 15 min in the absence or presence
of 10 mM MnSO4 at various temperatures (30 – 70ºC) at pH 8.0.
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only at 40⁰C and took 6 min for complete hydrolysis,
unlike Purpureocillium lilacinum LPS # 876 protease
which can achieve complete hydrolysis within 6 min
at 60⁰C7-8. Hence, B. amyloliquefaciens SP1 protease
is highly efficient for silver recovery from used X-ray
film at industrial scale as it took only 90 s for
complete hydrolysis as compared to other reports.
Effect of Enzyme Concentration on the Hydrolysis of Gelatin
Layers

The effect of enzyme activity on hydrolysis of
gelatin layers was studied in the range of 38 to 3630
µg/ml/min (pH 8.0) at 60⁰C (Fig. 8). Hydrolysis was
slow at beginning of enzymatic reaction. Because of
its heterogenous nature, a lag phase was observed in
the hydrolysis reaction owing to the difficulty of
moving the enzyme from the bulk of the solution to
the gelatin layer because of mass transfer resistant.
During the time course of the reaction, the amount of
the enzyme adsorbed to the film increased, resulting
in an augmentation of the hydrolysis rate10. The time
for complete hydrolysis of 2.5 × 2.5 cm X-ray film
was 11 min at hundred times diluted enzyme having
alkaline protease activity of 38 µg/ml/min and varied
from 4.30 to 1.30 min in the activity range from 74
(fifty times diluted enzyme) to 3630 µg/ml/min
(no dilution), showing that a saturation of the gelatin
layer was achieved where the available surface
(not the enzyme) limits the reaction rate. However,
B. sphaericus protease took 24 min to complete
hydrolysis at 10 U/ml and varied from 12 to 8 min
when activity of protease enzyme varied from 25 to

100 U/ml using azocasein as substrate for protease
activity determination28.
To best of our knowledge, present work reported
the shortest time (1 : 30 min) for gelatin hydrolysis
with B. amyloliquefaciens SP1 protease (3630 µg/ml/min)
as compared to others studies of Cavello et al7
(5 min at 60⁰C); Singh et al28 (8 min); Nakiboglu
et al3 (15 min at 50⁰C); Choudhary27 (20 min at
50⁰C); Mausi et al10 (45 min at 50⁰C). From an
industrial point of view, fifty times diluted
enzyme having 74 µg/ml/min activity was found
to be most suitable for processing used X-ray films in
4.30 min and also because of its low cost of
processing.
Release of Silver and Weight Loss of Used X-ray Film during
Silver Recovery Process

Today, when natural mineral resources are
getting depleted even faster all over the world, reuse
and recycling remains the most feasible option to
slow down this exhaustion as well as the
environmental pollution. The hydrolysis of gelatin
layers of used X-ray film of size 2.5 × 2.5 cm and
weight of 0.1670 ± 0.004g with B. amyloliquefaciens
SP1 protease resulted in release of silver bound
with gelatin into the admixture, and a clean PET
film was recovered (Fig. 9a). Silver in the hydrolysate
was precipitated out as silver chloride (AgCl) after
addition of 5 ml dilute HCl (Fig. 9b). Table 5 revealed

Fig. 9 a) — Enzymatic hydrolysis of used X-ray films at
60ºC. Control solution remains clear whereas the enzyme
solution turn turbid owing to release of black metallic silver and
clean PET films; b) Recovery of silver chloride precipitates
from hydrolysate.
Table 5 — Release of silver from used X -ray films by alkaline protease of
Bacillus amyloliquefaciens

Fig. 8 — Time (min) required for gelatin hydrolysis of X-ray film
at different enzyme concentrations at 60⁰C.

Alkaline
protease
(µg/ml/
min)

X-ray
film

Weight (g)
Recovered
AgCL

74

0.1670 ± 0.004

0.033 ± 0.005

Weight loss
%

Yield
%

3.41 ± 0.1

19.76 ± 0.78
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Fig. 11 — Outer view of goat skin showing dehairing by crude
alkaline protease.
Fig. 10 — Reuse of Bacillus amyloliquefaciens protease
(74 µg/ml/min) for gelatin hydrolysis from used X-ray films at
60ºC (Ir- Incomplete removal after 45 min).

that 3.41 ± 0.1% was the loss in weight of unused
X-ray film after protease treatment and 0.033 ± 0.005
g was weight of silver content (AgCl) in hydrolysate
which corresponded to 19.76% yield based on the
initial weight of X-ray film. The recovered AgCl can
be used to make photographic paper, as pottery glazes,
in photochromic lenses, in stained glass manufacture,
and in bandages and wound healing products8.
Reusability of the Crude Enzyme for Gelatin and Silver
Removal from Used X-Ray Film

Figure 10 revealed that protease from
B. amyloliquefaciens SP1 (74 µg/ml/min) could be
reused for 5 cycles without addition of Mn2+ ions
(10 mM), but with increase in decomposition time.
However, in presence of Mn2+ ions (10 mM),
B. amyloliquefaciens SP1 protease could be reused
for 8 cycles. This ability of the crude enzyme to
retain its activity for repeated use makes it suitable
for industrial application as it increased the yield
of single dose of enzyme by factor of eight. Masui
et al27 and Shankar et al8 noted that the first cycle
took 60 min for complete decomposition and the second
one required more than 2 h and in case of P. lilacinum
protease7 first cycle took 6 min, but it can be used
upto 3 cycles. When compared with the proteases
reported by Masui et al27, Shankar et al8 and Cavello
et al7, B. amyloliquefaciens SP1 protease seems to be
more efficient, as it required only 4.30 min for first
cycle and was capable of withstanding reuse to a
greater extent even at high temperature.
Dehairing of Goat Skin

Normally, goat skin is treated with dehairing
chemicals in drum for 24 h22. Results of enzymatic
goat skin dehairing revealed the successful use
of alkaline protease without application of sodium
sulfide as a dehairing agent, because, it showed

complete removal of fine hair (Fig. 11) with increase
brightness with in 20 h with 15% crude enzyme.
However, initial removal of hair was observed at 5 h
of incubation as reported earlier21,22. Alkaline protease
of B. amyloliquefaciens SP1 was found to have no
keratinase and collagenolytic properties. Thus, present
study reports the environment friendly dehairing of
goat skin within 20 h without deleterious effect on
collagen fibers.
Conclusion
Characterization and environmental friendly
potential application of thermostable, and alkaline
protease produced by Bacillus amyloliquefaciens SP1
was studied. The enzyme is thermostable with
half-life of 70 and 15 min at 50 and 60⁰C, respectively
and had a high value of inactivation energy i.e. 114.87
kJ/mol. In presence of Mn2+ ion, thermostability of
enzyme was further increased. After 15 min at 60⁰C,
in absence of Mn2+ ion enzyme retained only 53.83%
activity, whereas in presence of Mn2+ ion, enzyme
not only retained 100% activity, but also showed
increased of 8.33% as compared to control. This
revealed that manganese increased activity and
stability of enzyme and belonged to metalloprotease
group. The study reported the very short time of
1 : 30 min of Bacillus amyloliquefaciens SP1 protease
for recycling silver and PET from used X-ray films in
an ecofriendly way and first time revealed that, Mn2+
ion enhances the use of single dose of enzyme for
eight cycles.
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