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Abstract—Two halo-tolerant and alkaliphilic actinomycetes, Nocardiopsis alba OM-4 (GeneBank Number,
KC119568) and Nocardiopsis alba TATA-13 (GeneBank Number, KC119569) isolated from the salt-enriched
soil of the Coastal Gujarat (India) were studied for their proteases. The low molecular weight (19—20 kDa)
alkaline proteases were purified by the hydrophobic interaction chromatography on Phenyl Sepharose 6 FF
column. The enzymes were optimally active at 60—70°C and pH 10.0. NaCl enhanced the catalysis and
enzyme stability at different temperatures and in the presence of up to 50% concentrations of various solvents.
The purified enzymes were resistant against various surfactants and inhibitors, suggesting their potential
applications in the detergent industry. The changes in the secondary structures were probed by the circular
dichroism spectroscopy at various temperatures and solvents, followed by the K2D analysis. With increasing
temperatures, the contents of the o~ helices and -sheets increased in the N. alba OM-4 protease, while a
reverse trend was evident for the N. alba TATA-13 protease. On the other hand, the o-helix contents increased
accompanied with decreased B-sheets in both proteases in the presence of different solvents.
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Enzymes are catalysts produced by living cells to
bring about specific biochemical reactions. More than
3000 different enzymes have been identified and some
are being used in various applications [1—3]. The use
of proteases for industrial applications started in 1960s
and since then these enzymes have attracted attention
and found applications in various industries, such as
pharmaceuticals, leather, food and agriculture [4].

Search for protease is a dynamic process and in this
context microbes have continuously served as one of
the largest and useful sources [5].

The present study is focused on the characterization
of the alkaline serine proteases of the salt-tolerant alka-
liphilic actinomycetes, Nocardiopsis alba OM-4 and
Nocardiopsis alba TATA-13. The stability of the prote-
ases in various organic solvents was studied. The effect
of NaCl on the activity and stability of the enzymes was
also assessed. Further, the changes in the protease sec-
ondary structure in various solvents and at different
temperatures were studied using the CD spectroscopy.

MATERIALS AND METHODS

Materials. The Phenyl Sepharose 6 FF was pur-
chased from Sigma (USA). SDS was obtained from

! The article is published in the original.

Merck (Germany). Casein was purchased from
SISCO Research Laboratories (India). Other chemi-
cals and medium components were obtained from
HiMedia Laboratories (India).

Isolation and identification of protease-producing
actinobacteria. Saline soil from the coastal region of
Gujarat (India) was collected in a sterile container and
screened for protease-producing actinobacteria using
yeast extract-malt extract (YEME) medium contain-
ing (g/L): yeast extract—3.0, malt extract—3.0, pep-
tone—5.0, dextrose—10.0, NaCl—50.0, agar—30.0
(pH 9.0) incorporated with 10 g/L casein. After 7 days
of incubation at 28°C, two strains designated as OM-4
and TATA-13 showed the highest zones (diameter of
2.3 and 2.9 cm, respectively) of hydrolysis. These
strains were selected for the present study.

OM-4 and TATA-13 were identified based on
16S rRNA sequencing. Extraction of the genomic
DNA by soft lysis method and PCR amplification of
the 16S rRNA gene were performed as described ear-
lier by Liet al. [6]. The sequences were compared with
the available 16S rRNA gene sequences at EzZTaxon-e
server (http://eztaxon-e.ezbiocloud.net/) [7]. Phylo-
genetic tree was constructed using the neighbour-
joining (NJ) method [8] by MEGA 7.0 software [9]
after multiple alignments of the sequences using

591



592

CLUSTAL X program [10] using Kimura’s two param-
eter model [11] with 1000 boot strap replicates [12].

Enzyme purification. The activated cultures were
inoculated at 5% (vol/vol) concentration into the gel-
atin broth containing (g/L): gelatin—10.0, peptone—
5.0, yeast extract—5.0 and NaCl—50.0 (pH 9.0), fol-
lowed by the incubation at 37°C at 120 rpm. The cul-
tures were harvested after 7 days of the incubation and
the crude enzyme or cell-free extracts were obtained as
supernatants after centrifugation at 13000 g for 10 min
at 4°C. The extracellular alkaline proteases from OM-4
and TATA-13 strains were purified by a two-step
hydrophobic interaction chromatography using Phe-
nyl Sepharose 6FF, as described earlier by Gohel and
Singh [13, 14]. The purity of the enzymes was judged
on SDS-PAGE according to the Laemmli method [15].
The protein bands were visualized by Comassie bril-
liant blue R-250 staining [16].

Protease assay. The protein content was measured
according to the Bradford method using BSA (0—
100 ug/mL) as a standard [17]. The Anson-Hagihara’s
method [ 18] was used to measure the alkaline protease
activity using casein as a substrate. The protocol was
based on the method described earlier [19]. One unit
of the alkaline protease was defined as the amount of
the enzyme liberating 1 pug of Tyr per min under the
assay conditions. Enzyme units were calculated using
Tyr (0—100 ug) as a standard.

Temperature and pH profiles. The optimum tem-
peratures for the catalysis of the proteases were
obtained by incubating the reaction mixtures at differ-
ent temperatures within the range of 30—90°C. The
protease activity was measured, followed by the calcu-
lation of the relative activity for the enzyme. Similarly,
the optimum pH for the enzyme activity was calcu-
lated after dissolving the substrate in the buffers with
different pH values. The enzyme-substrate reaction
mixture was incubated at the optimum temperature.
In the experiments, 20 mM phosphate (pH 5.8—8.0),
20 mM glysine—NaOH (pH 9.0), 20 mM borax-
NaOH (pH 10.0—11.0) and 20 mM KCI-NaOH
(pH 12.0—13.0) buffers were used. The protease activ-
ities were measured, followed by calculation of the rel-
ative activity of the enzyme.

Effect of NaCl on the protease activity and stability.
The reaction mixture was supplemented with 0—3 M
NacCl in the optimum buffer to monitor the effect of
NaCl on the enzyme catalysis. The reaction mixture
was then incubated at the optimum temperature and
the protease activity was measured. Correspondingly,
the enzymes without NaCl and enzymes supple-
mented with optimum NaCl were incubated at differ-
ent temperatures between 30 and 80°C to determine
the temperature dependence of NaCl treatment on the
protease activity. The protease activity was measured
at the regular time intervals (0—180 min). The protease
activity was measured, followed by the calculation of
the relative activity of the enzyme.
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Effect of inhibitors and surfactants on the enzyme
activity. The influence of various effectors on the pro-
tease activity was studied under standard assay con-
ditions, where the reaction mixture was supple-
mented with 10 mM of inhibitors: phenyl methyl sul-
fonyl fluoride (PMSF), EDTA, dithiothreitol (DTT)
and -mercaptoethanol. The surfactants, triton X-100
and tween-80 at 0.5% (vol/vol) concentration and
0.5% (wt/vol) SDS, were used. The effect was assessed
by considering the control (without inhibitors and
surfactants) as 100%.

Catalysis and stability of the alkaline proteases in the
presence of various organic solvents. The catalysis of
the purified alkaline proteases was performed in the
presence of various organic solvents, such as n-decane
(5.6), iso-octane (4.5), n-haxane (3.2), benzene (2.1),
butanol (0.8), acetone (—0.24) and methanol (—0.75).
The solvents were selected based on the LogPow val-
ues, as indicated with the solvents in the brackets. The
reaction mixture was supplemented with varying con-
centrations of the solvents from 0 and 50% (vol/vol).
The relative activities were then calculated.

The enzyme stability was investigated by incubat-
ing the enzymes in the above stated solvents with and
without NaCl at 37°C for 24 h. The effect of salt on
the OM-4 and TATA-13 protease stability in the
presence of different organic solvents was assessed.
The enzymes were incubated with NaCl (1-2 M)
along with solvent. The relative enzyme activities
were calculated and compared with the control
(without any solvent).

CD spectroscopic analysis of the purified enzymes.
The purified enzymes in 1 M NaCl were subjected to
different temperatures (30, 50 and 80°C for 1 h). Sim-
ilarly, the enzyme preparations were subjected to dif-
ferent solvents, such as benzene and n-decane at 10%
(vol/vol) at 30°C for 2 h. The denatured enzymes were
then analyzed using J-815 CD spectropolarimeter
(JASCO, Germany) within the range of the wave-
lengths from 180 to 260 nm. The smoothed resultant
spectra were average of the 5 consecutive runs. The
control spectra were then subtracted from the spectra of
the treated samples. The mean residual ellipticity
(MRE) was calculated from the © values at the above
stated wave length range. MRW was taken as 115 [20].

MRE values = 0, (MRW/10LC),

where MRW is the mean residual weight, L is the path
length (0.1 cm), C is the enzyme concentration.

The MRE values, between 190—240 nm, were sub-
jected to online CD software, K2D2 to find out the
changes in its secondary protease structures in terms
of the percent changes in o-helices and B-sheets.

RESULTS
Isolation and identification of protease-producing
actinobacteria. The potential protease-producing
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Fig. 1. Neighbour joining tree for strains OM-4 and TATA-13.

strains OM-4 and TATA-13 have been isolated from
the saline soil of coastal region of Gujarat (India) by
Dr. S.D. Gohel in the laboratory of Prof. S.P. Singh,
Department of biosciences, Saurashtra University,
Rajkot, India. Based on 16S rRNA gene sequence
homology and phylogenetic analysis, OM-4 and
TATA-13 were identified as Nocardiopsis alba (Gene
Bank Accession Number, KC119568) and Nocardiop-
sis alba (Gene Bank Accession Number, KC119569),
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respectively. Further the NJ- tree (Fig. 1) confirmed
the strains are different from each other but both
strains OM-4 and TATA-13 belong to N. alba.

Purification of V. alba OM-4 and N. alba TATA-13
alkaline proteases. The optimum growth of both the
actinomycete isolates, N. alba OM-4 and N. alba
TATA-13, was achieved after 7 days at 37°C at 120 rpm
of the incubation in the gelatin- containing broth.
Under these conditions, the alkaline protease produc-
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Table 1. Purification of N. alba OM-4 and N. alba TATA-13 alkaline proteases

Total Engy.m ¢ Protein, Total Total Spf?c?f‘c Purification, .
Stage volume, | activity, . .. activity, Yield, %
ml U/mL mg/mL | protein, mg | activity, U U/mg -fold
OM-4
Crude 500 198.0 0.104 52.00 99000 1904 1.00 100.0
70% (NH,),SO, 15 374.2 0.162 2.43 5613 2310 1.21 5.7
Phenyl Sepharose 6FF 15 234.7 0.055 0.83 3520 4266 2.24 3.6
TATA-13

Crude 500 215.1 0.116 58.00 107550 1854 1.00 100.0
70% (NH,),SO, 15 473.1 0.184 2.76 7097 2571 1.39 6.6
Phenyl Sepharose 6FF 15 274.1 0.056 0.84 4112 4895 2.64 3.8

tion was 198.2 and 215.3 U/mL for N. alba OM-4 and
N. alba TATA-13, respectively. Active protease was
isolated from the culture supernatant by ammonium
sulfate precipitation and hydrophobic interaction
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Fig. 2. Optimization profiles for temperature (a), pH (b)
and NaCl addition (c) for protease activities of N. alba
OM-4 (1) and N. alba TATA-13 (2).
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chromatography using Phenyl Sepharose 6 FF col-
umn. In case alkaline protease of N. alba OM-4, the
two-step purification method yielded 2.24-fold purifi-
cation, 3.6% vyield and 4266 U/mg specific activity.
For the protease of N. alba TATA-13, the purification
was 2.64-fold leading to 3.8% yield and 4895 U/mg
specific activity (Table 1). The purified proteases were
observed as single bands on SDS-PAGE with apparent
molecular weights as 19 kDa and 20 kDa for N. alba
OM-4 and N. alba TATA-13, respectively.

Effects of temperature, pH and NaCl on the enzyme
catalysis. The N. alba OM-4 protease exhibited opti-
mum activity of 234.7 U/mL at 60°C, while the
N. alba TATA-13 protease had optimum activity of
270.6 U/mL at 70°C (Fig. 2a). The optimum pH for
N. alba OM-4 and N. alba TATA-13 proteases was 10.0
in 20 mM borax-NaOH buffer. However, both
enzymes were active within the pH range of 8.0—11.0
(Fig. 2b). With respect to salt, 1% (wt/vol) NaCl was
optimum for the N. alba OM-4 protease for catalysis;
while for the N. alba TATA-13 protease, it was 0.5%
(w/v) NaCl (Fig. 2¢).

Effect of NaCl on thermostability of alkaline prote-
ases. The effect of NaCl on thermostability of alka-
liphilic actinobacteria proteases was assessed. After
treatment with 1 M NaCl for 1 h, the enzyme retained
50% of the residual activity at 50°C (Fig. 3). However,
in the absence of salt at 60, 70 and 80°C, the protease
denatured within 10—30 min. While in the presence of
salt, the enzymes retained more than 50% of'the resid-
ual activity even after 2 h. At 30 and 50°C, the N. alba
OM-4 protease was quite stable with 1 M salt but as the
temperature increased from 60 to 80°C, the protease
required higher salt concentrations for the stabiliza-
tion. On the other hand, the N. alba TATA-13 protease
was relatively more stable with 1 M salt.

Recently in 2017 [1], a solvent tolerant protease
from haloalkalophilic bacteria, Paracoccus saliphilus
was isolated from shrimp shell waste. This enzyme was
stable at 60°C, pH 9.0, and 3.0 M NaCl concentration.

Effects of inhibitors and surfactants on activity of
alkaline proteases. The activities purified enzymes
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Fig. 3. Thermal stability of the alkaline protease activities from N. alba OM-4 (a) and N. alba TATA-13 (b) at different salt con-
centration. /—1 M NaCl, 2—2 M NacCl, 3—3 M NacCl, c—control (without salt).

were completely inhibited by PMSF and partially
inhibited by EDTA, DTT and B-mercaptoethanol
(Table 2). The N. alba OM-4 and N. alba TATA-13
proteases were stable in Triton-100 and retained 80%
of the original activities after 24 h of the incubation.

The enzymes retained 65 and 70% activities in SDS
and Tween-80, respectively (Table 2).

Effect of solvents on the enzyme catalysis and stability.
Rathinam et al. [33] have described enzymatic dehair-
ing in aqueous medium, a method which appears to be
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Table 2. Effect of inhibitors (after 2 h of treatment), surfactants (after 24 h of treatment) and solvents (after 4 h of treatment)
on stability of N. alba OM-4 and N. alba TATA-13 alkaline proteases and CD spectra analysis performed at higher tempera-

tures and solvent treatment of enzymes

Variant N. alba OM-4 N. alba TATA-13
Inhibitors, 10 mM Residual activity after 2 h, %
PMSF 0 0
EDTA 83.8 89.4
DTT 95.2 97.0
B-mercaptoethanol 87.1 88.4
Surfactants, 0.5% Residual activity after 24 h, %
SDS 62.9 68.2
Tween80 72.6 75.3
Triton-100 80.6 93.9
Residual activity after 2 h, %
Solvents, 10%
no salt 2 M salt no salt 1 M salt
n-Haxane 29.3 35.4 54.7 58.7
Methanol 21.9 43.9 42.8 47.3
n-Decane 58.4 65.6 58.4 65.6
Iso-octane 68.0 78.8 68.2 72.8
Benzene 48.8 63.4 49.3 61.2
Acetone 112.6 132.9 116.2 119.6
Butanol 59.2 72.0 65.2 67.7
. Treatment for 2 h
CD spectra analysis - -
% o-helix % B-sheet % o-helix % B-sheet
30°C 1.86 49.03 3.25 49.36
50°C 1.86 49.03 3.25 49.36
80°C 2.11 51.77 1.82 47.7
n-Decane (10%) 8.40 1.86 1.86 49.03
Benzene (10%) 3.16 8.16 8.16 24.05

superior than the lime-sulphide based conventional
method of leather treatment. It has also been demon-
strated that the solvent-enzyme mixture removed hair
with better efficiently without any sulphide and lime
than aqueous enzyme-lime-sulphide system.

The N. alba OM-4 and N. alba TATA-13 proteases
displayed considerable stability in various organic sol-
vents. For the catalysis, both enzymes retained nearly
100% of the activities in the presence of up to 10%
(vol/vol) solvents of comparatively higher LogPow val-
ues such as benzene, iso-octane and n-decane (Fig. 4).

The effect of solvents on the enzyme catalysis was
studied at various salt concentrations. It is evident that
1 and 2 M NaCl concentrations were optimal for the
protease activities of N. alba TATA-13 and N. alba
OM -4, respectively (Fig. 2¢). The presence of salt sig-
nificantly reduced the detrimental effect of the sol-
vents (Figs. 5 and 6). The enhanced stability of the
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proteases in the presence of salt might be due to the
electrostatic interactions amongst the contrary
charges and salt bridges stabilizing the native structure
[30]. Salt—bridge interactions play significant role in
alleviating many protein structures and can be altered
for desirable features of the protein [31].

The time-dependent curves after 30 min—24 h
treatment with n-decane, iso-octane, n-hexane, ben-
zene, butanol, acetone and methanol for activities of
alkaliphilic actinobacteria proteases are presented in
Figs. 5 and 6.

In the presence of 2 M NaCl, N. alba OM-4 and
1 M NaCl, N. alba TATA-13 proteases retained 58%
(Fig. 5j) and 65% (Fig. 6j) residual activities, respec-
tively, after 2 h of incubation with 50% benzene. Both
proteases lost more than 50% activities when NaCl
was excluded.
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Fig 4. Protease activities of N. alba OM-4 (a) and N. alba TATA-13 (b) in presence of different organic solvents taken in varying
concentrations (/—5, 2—10, 3—15, 4—20, 5—50% vol/vol) for catalysis after 2 h treatment.

In the presence of 2 M NaCl, N. alba OM-4 and
1 M NaCl, N. alba TATA-13 proteases displayed 90%
(Fig. 5h) and 129% (Fig. 6h) residual activities,
respectively, after 2 h incubation with 50% iso-octane.
However, without NaCl, the respective activities
decreased to 42% (Fig. 5g) and 62% (Fig. 6g). With
50% n-decane in the presence of 2 M NaCl, the
N. alba OM-4 and 1 M NaCl N. alba TATA-13 prote-
ases retained 91% (Fig. 5f) and 76% (Fig. 6f) of the
residual activities, respectively. However, in the
absence of salt, these proteases under the same condi-
tions retained 73 and 71% of the original activities
(Figs. 5e and 6e). The enzyme activities decreased
after adding n-hexane, methanol and butanol at
increased concentrations (Fig. 4). After 1 h of incuba-
tion with 20% (vol/vol) n-hexane in the presence of
2 M NaCl, the N. alba OM-4 and 1 M NaCl N. alba
TATA -13 proteases retained 50 and 58% of the resid-
ual activities, respectively (Fig. 5b and 6b). However,

APPLIED BIOCHEMISTRY AND MICROBIOLOGY Vol. 54

in the absence of salt, under the same conditions, only
19 and 47% of the residual activities were determined
(Figs. 5a and 6a).

After 4 h of incubation in the presence of NaCl
with 20% n-butanol, N. alba OM-4 and N. alba
TATA-13 proteases retained 68% (Fig. 5n) and 55%
(Fig. 6n) residual activities, respectively, which is quite
higher than those without NaCl (Figs. 5m and 6m).
Similar, with 20% (vol/vol) methanol in the presence
of NaCl, 55% (Fig. 5d) and 60% (Fig. 6d) of the resid-
ual activities were correspondingly detected for V. alba
OM-4 and N. alba TATA-13 proteases.

The enzymes retained 95% (Figs. 5j and 6j) of
residual activity after 2 h of incubation in 20% benzene
with NaCl, while without NaCl, both enzymes
retained only 85 and 80% of residual activities, respec-
tively (Figs. 5i, 6i), suggesting the role of salt in the sta-
bility of the enzymes.
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Both alkaline proteases were highly stable in 20%
acetone for 6 h, with 74% residual activities in the
absence of salt (Figs. 5k and 6k). However, the addi-
tion of salt enhanced the residual activities proteases to
91% (Fig. 51) and 92% (Fig. 61).

Both these enzymes exhibited enhanced activities
in the presence of NaCl and solvents. In 20% solvent,
both proteases were highly stable for 1 h without salt
and for 2 h with salt (Figs. 5, 6). Interestingly, even at
50% solvent concentration, the alkaline proteases
were found stable for 30 min when salt was included.

On the whole, the results of the catalysis and stabil-
ity establish the solvent stability of these two alkaline
proteases. The kinetic network models to reveal the
effect of non-native salt-bridges on o-helix folding
have been described [31]. The secondary structures of
the proteins determine the functional state of the pro-
tein. Therefore, structural studies of the proteases by
CD analysis have been undertaken.

CD spectroscopic analysis of the purified prote-
ases. The CD spectroscopy has emerged as an excel-
lent method of determining the secondary structures
of the proteins. The spectra were generated after
treating the N. alba proteases at different tempera-
tures with different solvents, such as 10% benzene
and n-decane. The enzymes exhibited major changes
in o-helices and B-sheets contents at 80°C (Fig. 7,
Table 2) in contrast to the treatment at 30 and 50°C
at which the effect was negligible.

In N. alba OM-4 and N. alba TATA-13 proteases,
the o-helices accounted for 1.86 and 3.25%, respec-
tively. The B-sheets were 49.03 and 49.36%, respec-
tively at 30°C, showing the native structure of the pro-
teases. At 50°C, the same values for the o-helices and
[B-sheets were observed. It was revealed that at 50°C
after 1 h, the protease retained its native structure.
While at 80°C, the content of the o-helices were com-
puted as 2.11 and 1.83% for N. alba OM-4 and N. alba
proteases, respectively, while [-sheets were at 51.77
and 47.70%, indicating changes in the native struc-
tures of the proteases. It can, therefore, be predicted
from the CD analysis that the enzymes are highly sta-
ble at 50°C and get denatured at 80°C.

With 10% n-Decane, the contents of o-helices
were computed as 8.40 and 1.86% in N. alba OM-4
and N. alba TATA-13 proteases, respectively, while the
B-sheets were 1.86 and 49.03%, respectively. The
trends reflected significant differences in the native
structures of these proteases. However, in the presence
of 10% benzene, 3.16 and 8.16% «-helices were
revealed in N. alba OM-4 and N. alba TATA-13 prote-
ases, respectively, while B-sheets were detected as 8.16
and 24.05%, respectively (Table 2).

The trends reflected in Table 2 are correlated with
the thermostability patterns indicated in Fig. 2. At
80°C, the contents of o-helices increased while those
for B-sheets decreased in N. alba OM-4 protease. On
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the other hand, the contents of two structure types
decreased at 80°C in N. alba TATA-13 protease.

While considering the stability in solvents, the
changes in the o-helices and B-sheets in both prote-
ases were distinct. The trends reflected in the CD
analysis correspond with those highlighted in the pro-
tease activities shown in Figs. 5 and 6. Both proteases
displayed structural changes in the presence of n-dec-
ane and benzene.

To the best of our knowledge, the analysis of the
secondary structures has not been reported for the
proteases of haloalkaliphilic actinomycetes and
archaea of the saline habitats. However, a report on
the recombinant leucine aminopeptidase 11 of Bacillus
stereothermophilus suggested changes in the contents
of the a-helical structures in response to varying con-
centrations of Zn?* [27]. Based on the CD spectro-
scopic studies, an active mutant of luciferase (rLuc
(Arg)) expressed under the same conditions as the
native form (rLuc) was confirmed to refold without
aggregation in Lampyris turkestanicus [28].

DISCUSSION

Enzymes are obtained from all living organisms.
However, microorganisms are usually the first choice
due to their broad biochemical diversity, feasibility of
cultivation and ease of genetic manipulation [21]. The
main obstacle for the industrial applications of
enzyme is its relatively lower activity under extreme
physical and chemical conditions. Therefore, we
focused on the proteases displaying high activity and
stability under extreme conditions.

The catalysis and stability of the enzymes at high
temperatures is desirable for the applications of prote-
ases [22]. Production and biochemical characteriza-
tion of an alkaline protease from Aspergillus oryzae
CHO93 has recently been reported [23]. While compar-
ing our results with that reported in literature, N. alba
OM-4 and N. alba TATA-13 enzymes show high sta-
bility at 60—80°C after treatment with 20—50% sol-
vents and other denaturing agents. A detergent-stable
solvent-tolerant serine thiol alkaline protease was
purified from Streptomyces koyangensis [24]. An
organic solvent-tolerant protease from haloalkalo-
philic bacterium Paracoccus saliphilus isolated from
shrimp shell waste has recently been described for chi-
tin extraction [1]. Earlier, an acid stable protease iso-
lated from N. alba was reported by Kelch et al. [25].
Alkaline protease from N. alba was described by Gohel
and Singh [14]. However, none of these studies related
to the structural elucidation and solvent resistance of
the enzyme.

The CD spectra of the enzyme at higher tempera-
ture and in the presence of organic solvents help us to
predict the denaturing patterns of the enzyme. The
patterns reflected that the o-helix and B-sheet con-
tents remained unchanged for both N. alba proteases,
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Fig. 7. CD spectra analysis of N. alba OM-4 (a) and N. alba TATA-13 (b) proteases treated for 1 h at different temperatures, such
as 30 (7), 50 (2) and 80°C (3) and CD spectra analysis of N. alba alba OM-4 (dark black line) and N. alba alba TATA-13 (grey
line) proteases treated for 2 h with 10% (vol/vol) n-decane (c) and benzene (d).

suggesting their thermostable nature. The structural It was of significant interest to purify proteases
investigations using NMR and X-ray crystallographic  from the rarely explored group of the halotolerant
studies further add to the structure-function relation-  alkaliphilic actinomycetes. The enzymes displayed
ships of these proteases. significant activity and stability at higher salt concen-
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tration, higher temperatures, alkaline pH and in the
presence of different orgainic solvents. The enzymes
were also resistant against various surfactants and
inhibitors, an important feature for the potential
application in the detergent industry. The solvent-tol-
erant alkaline proteases can be useful in wastewater
treatment systems, where toxic organic solvents
and/or surfactants are accumulated [29]. The struc-
tural elucidation of the enzymes by CD spectroscopy
provided clues for the thermal and solvent stability of
the enzymes.
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