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Streptomyces sp. LCJ12A was isolated from the soil and sediments of Pichavaram
Mangrove Forest, Tamil Nadu, India. Production of protease from the Streptomyces sp. LCJ12A
was carried out by using submerged fermentation. To enhance the protease production, the
fermentation medium was formulated and optimized. Different carbon, nitrogen and inducer
sources were used for the optimization. In that fructose, sodium nitrate and red gram husk
showed greater quantity of protease production and their different concentrations were
optimized in Protease production broth (PPB). Response surface methodology (RSM) was
employed for the medium optimization at a low cost for the production of industrially important
enzyme. The optimized values showed that fructose at 2.0 g/L enhances the yield of protease up to
120.08+2.2 U/mL, sodium nitrate at 2.0 g/L maximize the protease production up to 180.35+1.9
U/mL and red gram husk at 2.0 g/L yields 194.16+2.2 U/mL which was 1.6 times higher when
compared to the unoptimized medium. Statistical optimization by using RSM predicted that
327.16 U/mL of protease enzyme can be produced. Through experimentation based on RSM,
the protease yield reached up to 323.4 U/mL. When compared to unoptimized medium, the
statistically optimized medium produced 3 times higher yield. As a result of the optimization
studies, an increase in protease activity was reached compared to the unoptimized conditions
and thus offers a new approach for industrial enzyme production.
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Proteases are the most important group of
the industrial enzymes which are used commercially
for various industrial purposes'?. Proteases are
enzymes capable of hydrolyzing the peptide
bond in a protein molecule. Alkaline protease
have wide applications in various industries
such as leather, silk, detergents, pharmaceuticals
and food**. Physical and nutritional factors
influence the protease production and therefore
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optimization of the factors is essential to improve
the protease yield*S. Our society is in a necessity
of developing cost-effective, environment-friendly
method for synthesizing enzymes by replacing
traditional carbon and nitrogen sources in various
media. Fungi were also used to improve protease
production through medium optimization and
such proteases were also used commercially?.
Based on the nature of the amino acids or
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other substituents, proteases can be subdivided.
Through microbial fermentation, natural and
modified commercial proteases are produced with
major applications in leather bating, detergents,
medicine and food processing. To produce the
enzyme for commercial viability, inexpensive
and optimized medium are used in large scale. A
number of statistical experimental designs with
Response surface methodology (RSM) have been
employed for optimizing enzyme production from
microorganisms’. Response surface methodology
(RSM) includes regression analysis and factorial
design, which is used to study the interaction and
to select the optimum conditions of variables for
a desirable response by evaluating the effective
factors and building models®. The aim of the present
study is to optimize suitable medium and culture
conditions for production of extracellular protease
by Streptomyces sp. LCJ12A under submerged
fermentation.

MATERIALS AND METHODS

Microorganism and culture conditions

Streptomyces sp. LCJ12A was isolated
from the soil and sediments of the Pichavaram
Mangrove Forest, Tamil Nadu, India (Latitude
11°43°04.5N and Longitude 79°79°29.4E)
which produced an alkaline protease in protease
production broth was used in the present study.
Submerged Fermentation (Smf)

Submerged fermentation is one of
the major criteria to produce protease. In the
selected strain Streptomyces sp. LCJ12A growth
and protease production ability was examined
using different basal medium namely Modified
Nutrient Glucose Broth (MNGB), Starch Casein
Broth (SCB), Protease Production Broth (PPB),
Gelatin Broth (GB), Malt Yeast Extract Broth
(MYEB) and Glycerol Peptone Salt Broth (GPSB).
Among the six different media, PPB was selected
for the production, which showed the significant
growth and production of protease. The medium
PPB consists of the following components (g/L):
glucose- 5g, peptone- 5g, yeast extract- 5g,
K,HPO,- 4g, Na,HPO,- 1g, MgCl.- 0.1g, Na,CO,-
6g. 100 mL of protease production broth (PPB)
was transferred to 250 mL of conical flask and
autoclaved at 121°C for 15 mins. To avoid bacterial
contamination, 25 pg/mL of Nalidixic acid
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(Himedia, India) was added and to avoid fungal
contamination, 25 pg/mL of Nystatin (Himedia,
India) was added to the liquid medium. A loop
full of Streptomyces sp. LCJ12A culture was taken
and inoculated into the conical flask under sterile
condition and incubated in the rotary shaker at 120
rpm at room temperature. At the intervals of every
48 hours, 10 mL of the culture filtrate was taken
from the culture medium and centrifuged at 10,000
rpm for 10 mins at room temperature. Supernatants
were collected after centrifugation was used to find
out the protease activity.
Protease assay

To determine the protease activity,
casein was used as a substrate. 200 uL of crude
enzyme was collected from the culture broth and
mixed well with 500 pL of 0.5% (w/v) casein
(pH7). Then 300 pL of 0.2M phosphate buffer
was added and incubated at room temperature for
10 minutes. After incubation, 1 mL of 5% (w/v)
Trichloroacetic acid (TCA)’ was added to terminate
the enzyme reaction and then the reaction mixture
was centrifuged at 10,000 rpm for 15 minutes
at room temperature to separate the unreacted
substrate casein. | mL of supernatant was collected
after centrifugation and 5 mL of 0.4M Na,CO,
was added to the collected supernatant. 1 mL of
3-fold diluted Folin Ciocalteu’s reagent (Himedia,
India) was added and mixed well. Incubate the
resulting solution in dark for 30 minutes at room
temperature and the absorbance was measured at
660 nm in UV- Spectrophotometer (Elico, India).
The protein content was estimated by following
standard protocol'® using Bovine Serum Albumin
(BSA) as the standard.
Medium optimization for protease production
under submerged fermentation

The influence of different factors on the
protease production were carried out in liquid
culture medium in separate flasks, examining
one factor at a time, keeping all other variables
constant. Once the optimization was done with
respect to a factor, it was incorporated into the
experiment for the optimization of the next factor.
The effect of different carbon sources such as
starch, lactose, maltose, fructose, sucrose, mannitol
and glycerol and their concentrations was studied.
Effect of nitrogen sources was analysed by using
different nitrogen sources such as casein, urea,
sodium nitrate and ammonium nitrate and their
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concentration ranges from 0.5 to 5.0 g/L were
studied for the production of protease. High
protease activity meant that the organism was
capable of producing high amounts of protease in
that particular factor.
Effect of carbon source and its concentration on
production of protease

The selected medium, Protease production
broth (PPB) was optimized by supplementing
different carbon sources such as starch, lactose,
maltose, fructose, sucrose, mannitol and glycerol
at 1 g/L to determine the effect of carbon source
in protease production by Streptomyces sp.
LCJ12A. Simultaneously, a control medium
without the addition of any carbon sources was
also maintained. After screening for the carbon
source favoring maximum protease production and
its concentration in the range of 0.5 to 5.0 g/L was
studied.
Effect of nitrogen source and its concentration
on production of protease

Nitrogen sources such as casein, urea,
sodium nitrate and ammonium nitrate for protease
production by the Streptomyces sp. LCJ12A were
studied using protease production broth (PPB)
at 5 g/L. These nitrogen sources replaced the
original nitrogen source available in the medium.
Simultaneously, a control medium was also
maintained without the addition of any nitrogen
sources. After screening for the nitrogen source
favoring maximum protease production, its
concentration ranging from 0.5 to 5.0 g/L was
evaluated.
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Fig. 1. Effect of concentration of fructose for
protease production by Streptomyces sp. LCJ12A
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Effect of natural inducers and its concentration
on production of protease

The effect of natural inducers on protease
production by Streptomyces sp. LCJ12A was
studied using protease production broth (PPB)
at 5 g/L. The production medium was amended
with different natural inducers such as groundnut
oil cake, sesame oil cake, red gram husk, black
gram husk and green gram husk at 0.5 to 5.0
g/L concentrations in separate conical flasks and
the experimental set up was incubated at room
temperature under shaking condition for 12 days.
Experimental design and production of protease

To determine the optimal levels of three
factors, fructose (X,), sodium nitrate (X,) and red
gram husk (X,) was used on production of protease.
By using a set of experimental design face-
centered central composite design (FCCCD) was
used for improving total production of protease.
To analyze the experimental design, statistical
software ‘Design-Expert 11.0.6°, StateEase, Inc.,
(Minneapolis, USA) was used. The factors fructose
(X,), sodium nitrate (X,) and red gram husk
(X)) in the design was studied at three different
levels (-1, 0, +1). A set of 29 experiments were
carried out with three factors, including six center
points for a 2* FCCCD. All the three variables,
fructose (X,), sodium nitrate (X,) and red gram
husk (X,) were taken at a central coded value
considered as zero. The three variables ranging
from minimum and maximum are investigated
and the full experimental plan with respect to
their values in actual and coded form are given in
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Table 1. The average maximum protease yield was
taken as the dependent variable or response (Y)
after completion of experiments. By the multiple
regression procedure, a second order polynomial
equation was fitted to the data. This resulted in an
empirical model that related the response measured
to the independent variables of the experiment. The
model equation of three factor system is:
Y= b,+b X +b,X +b X +b X >+
b22X22+b33X32+b12X1X2+b23X2X3+b13X1X3
Y, predicted response; b, intercept; b , b,, b, linear
coefficients; b, b, b, squared coefficients;
b,,, b, b,, interaction coefficients. To generate
response surface graphs, the above model from
Design Expert software was used to obtain the
optimum concentration of the medium components.
The complete optimized medium composition was
carried out twice in flask cultivation to validate
these predictions.
Comparison study of original and optimized
medium for protease production

A comparative study was made with
optimized and unoptimized medium, to prove the
efficiency of the optimized medium in the protease
production by Streptomyces sp. LCJ12A. 100 mL of
the modified and original medium were inoculated
with the respective actinomycete mycelial disc (4
mm) and incubated on an orbital shaker (120 rpm)
at 30°C. The protease activity was then assayed on
alternate days till the 12™ day.
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Fig. 3. Effect of concentration of red gram husk for
protease production by Streptomyces sp. LCJ12A
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RESULTS

Isolation and identification

The strain Streptomyces sp. LCJ12A was
isolated from the collected samples and identified
by using 16S rRNA partial gene sequence. The
16S rRNA partial gene sequence (1347 bp) of the
present strain was submitted in GenBank database
and also acquired accession number as KU921108.
Effect of carbon sources and their concentration

Effect of different carbon sources were
used for the protease production such as starch,
lactose, maltose, fructose, sucrose, mannitol
and glycerol. Fructose yields higher protease
production when comparing to other carbon
sources. Different fructose concentrations were
also determined (0.5 - 5g/L) on the protease
production by Streptomyces sp. LCJ12A in PPB
was studied. The results showed that Streptomyces
sp. LCJ12A exhibited higher protease production
in the liquid medium containing fructose with
protease activity of 46.64+1.9 U/mL at 1 g/L than
other carbon sources (Table 2).

The results on the effect of different
concentrations of fructose on the protease
production by Streptomyces sp. LCJ12A is depicted
in Fig. 1. Among the different concentrations
tested, fructose at 2.0 g/L increased the yield of
protease with 120.08+2.2 U/mL by Streptomyces

Protease yield (U/mL)

Sodium Nitrate (g/L) Fructose (g/L)

Fig. 4. Three dimensional graph of the interaction
between fructose and sodium nitrate on the
protease production by Streptomyces sp. LCJ12A
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sp. LCJ12A (Fig. 1). The protease production were
increased at 2.0 g/L of concentration of best carbon
source but declined when the concentration was
increased beyond 4.0 g/L.
Effect of nitrogen sources and their concentration
Nitrogen sources such as casein, urea,
sodium nitrate and ammonium nitrate were used
in protease production broth to find out the best
nitrogen source for the production of protease
by Streptomyces sp. LCJ12A. Sodium nitrate at
5 g/L maximizes the production of protease by
Streptomyces sp. LCJ12A (Table 2). Addition
of NaNO, to the medium enhanced maximum
protease production with 159.04+2.0 U/mL of
protease activity by Streptomyces sp. LCJ12A. The
protease activity were observed maximum on the
8th day of inoculation and declined thereafter.
The effect of different concentrations of
sodium nitrate (0.5 to 5.0 g/L) by Streptomyces sp.
LCJ12A was studied in PPB and the results showed
that a maximum protease activity of 180.35+1.9
U/mL was observed at 2.0 g/L of sodium nitrate
for Streptomyces sp. LCJ12A (Fig. 2) but declined
when the concentration was increased beyond 3.0
g/L.
Effect of natural inducer and their concentration
The effect of different natural inducers
such as red gram husk, green gram husk, black
gram husk, groundnut oilcake and sesame oil
cake on the production of protease were studied.
Addition of natural inducer (red gram husk) to the

Protease yield (U/mL)

Red gram husk (g/L) -0.5 Fructose (g/L)

Fig. 5. Three dimensional graph of the interaction
between fructose and red gram husk on the protease
production by Streptomyces sp. LCJ12A
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medium favored maximum protease activity of
162.02+1.9 U/mL for Streptomyces sp. LCJ12A
(Table 2). Addition of red gram husk to the medium
yielded higher protease production compared to the
original medium.

The effect of different concentrations of
red gram husk (0.5 to 5.0 g/L) by Streptomyces
sp. LCJ12A was studied and results showed that
a maximum protease activity of 194.16+2.2 U/
mL was observed at 2.0 g/L of red gram husk by
Streptomyces sp. LCJ12A (Fig. 3), the yield was
higher compared to both carbon and nitrogen
sources.

Optimization by response surface methodology
The behavior of protease production, interaction
effect, main effect and squared effect (nonlinear) of
three factors; fructose, sodium nitrate and red gram
husk at different concentrations, were represented
in three-dimensional plot (Fig. 4-6). Both fructose
and sodium nitrate showed higher production of
protease and the addition of inducer red gram husk
also enhanced the protease production. Fructose
and sodium nitrate effect of interaction was found
to be highly significant (P-value of fructose and
sodium nitrate = 0.01), implying that both the
components were essential for production of
protease. The optimal concentration of fructose
and sodium nitrate were found to be 3.0 g/L and
2.0 g/L of red gram husk in response surface plot.
327.16 U/mL of maximum predicted enzyme can

Protease yield (U/mL)

Red gram husk (g/L)

Fig. 6. Three dimensional graph of the interaction
between sodium nitrate and red gram husk on the
protease production by Streptomyces sp. LCJ12A
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be produced by using optimum concentration of
medium components.

Additional experiments in triplicate
at shake flask level were performed using the
optimized medium to validate the prediction of
the model. These experiments yielded maximum
of 323.4+0.9 U/mL enzyme (Table 3), which was
three times higher than the un-optimized medium.
The FCCCD result, experiments for studying
the effects of three independent variables, viz.,
fructose, sodium nitrate and red gram husk, on
production of protease are shown in Table 3 along
with the observed response and mean predicted.
The regression equation obtained after the analysis
of variance (ANOVA) indicated the R?value 0f 0.76
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(a value of R? > 0.75 indicates the aptness of the
model), which ensured a satisfactory adjustment of
the quadratic model to the experimental data and
indicated that 90% of the variability in the response
could be explained by the model. An adequate
precision of 5.84 indicates an adequate signal as
it measures the signal-to noise ratio. A ratio >4
is desirable. The coefficients of the regression
equation were calculated using Design Expert, and
the following regression equation was obtained.
Y =201.81-9.11X +11.25X +8.56X,+39.89X *+5
6.47X *+29.11X?

+5.98X X,-10.67 X, X,+3.18 X X,

Y, protease production (response); X, fructose; X,
sodium nitrate and X, inducer (red gram husk).

Table 1. Experimental range and levels of the four independent
variables used in RSM in terms of actual and coded factors

Range of levels

Variables (g/L)  Symbol  Actual Coded  Actual Coded  Actual  Coded
Fructose X 1 -1 2 0 3 +1
Sodium nitrate X, 1.5 -1 3 0 4.5 +1
Inducers X 1 -1 2 0 3 +1

Table 2. Effect of various carbon, nitrogen
and inducer sources on protease
production by Streptomyces sp. LCJ12A
on 8" day at 37°C under shaking (120 rpm)

Nutrient source Protease yield (U/ml)
Carbon source (1 g/L):

Starch 15.93+£2.2
Lactose 16.62+1.4
Maltose 19.83+1.2
Fructose 46.64+1.9
Sucrose 33.46+1.4
Mannitol 17.68£3.0
Glycerol 19.09+1.4
Nitrogen source (5 g/L):

Casein 144.37+£2.8
Urea 136.234+2.2
Sodium Nitrate 159.04+2.0
Ammonium nitrate 135.02+1.8
Inducers (5 g/L):

Green gram husk 149.02+1.1
Black gram husk 150.21+0.8
Red gram husk 162.02+1.9
Groundnut oilcake 133.61+1.4
Sesame oil cake 105.74+1.2

To understand the medium components
interaction and the optimum concentration of each
component required for maximum production of
protease, three dimensional response surface curves
were plotted. The coefficient of determination (R?)
was 0.76. The adjusted R?, which is more suited
for comparing models with different numbers of
independent variables, was 0.532, depicted in Table
4. The coefficient of variance was 13.04% (Table
4). The predicted sum of squares (PRESS), which
is a measure how a particular model fits each point
in the design was 46171.63. This model can be used
to navigate the design space.

Comparison study of original and optimized
medium for protease production

The observed results showed that the
maximum production of protease by Streptomyces
sp. LCJ12A was 190.23+1.2 U/mL through
conventional optimization, when the optimum
values were Fructose 0.2g/100 mL, Sodium Nitrate
0.2g/100 mL and Red Gram Husk 0.2g/100 mL.
Statistical optimization by RSM predicted that
the yield can be reached up to 327.16 U/mL and
through experimentation based on RSM, the
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protease yield was reached up to 323.4 U/mL, that
was three times higher compared to the original
medium (Table 3). Under the modified medium
through conventional optimization, the observed
protease activity was 190.23+1.2 U/mL whereas
it was 118.41+1.1 U/mL in the original medium
(Table 5). Thus, a 1.6 fold increase was obtained
by conventional optimization of the factors.

DISCUSSION

There is a huge need to discover new
strains that produce industrially important enzymes
with novel properties''. In the current study,
Streptomyces sp. LCJ12A was isolated from

the mangrove environment and assessed their
efficiency in the protease production, the results
indicated that the selected strain has the capability
to produce extracellular protease under the stagnant
incubation state in the agar medium. In addition, the
protease production was quantitatively determined
in the liquid media under agitation condition.
The results showed efficient microbial growth
and potential protease production in the liquid
medium. Submerged and solid-state fermentation
was used for the large scale production'>".
Submerged fermentation for the production of
protease was carried out in this study. The novelty
in the formulation and optimization of protease
production medium for the fermentation improved

Table 3. Results of FCCCD using three independent variables
and six center points showing observed and predicted response

Run Coded levels Protease yield U/mL
Order Fructose Sodium Red gram Observed Predicted
nitrate husk Value Value

1 1 1 0 312.4 306.29
2 0 0 1 260.3 254.97
3 0 -1 0 250.5 233.79
4 1 0 0 3153 327.16
5 -1 1 0 296.5 312.55
6 0 1 0 313.2 311.84
7 -1 0 1 286.2 285.28
8 0 0 0 218.4 201.81
9 0 1 0 285.5 278.91
10 1 0 1 284.3 273.44
11 -1 0 -1 281.7 274.54
12 0 -1 1 276.3 295.35
13 0 1 1 284.7 296.53
14 0 -1 0 3234 311.95
15 -1 0 0 296.4 289.83
16 0 0 1 289.4 275.67
17 0 0 0 165.2 201.81
18 0 0 0 289.5 201.81
19 0 -1 -1 263.4 256.90
20 0 0 -1 287.5 314.09
21 -1 -1 0 283.1 302.00
22 0 0 0 157.4 201.81
23 0 0 -1 164.2 182.31
24 1 0 0 164.2 189.72
25 0 1 -1 314.5 300.74
26 -1 0 0 283.6 263.47
27 0 0 0 178.5 201.81
28 1 -1 0 275.1 271.83
29 1 0 -1 267.1 249.96
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Table 4. ANOVA for the experiments
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the production significantly by Strepfomyces sp.
LCJ12A (Table 2). The most important components

ANOVA which are used in formulation of medium are
carbon and nitrogen sources, which can influence
Std. Dev. 34.47 the microbial growth and their products'*".
Mean _ 264.42 Numerous researchers reported the same with
Cgefﬁcwnt of variance 13.04 various different microorganisms'®'’. Especially
R? 0.7664 for the alkaline protease production, carbon and
Adjusted R? 0.5328 . . . .
. , nitrogen plays a vital role in energy generation
Predicted R 0.3516 . . . .
Adeq Precision 58430 and biosynthesis. Bacteria and other microbes
PRESS 46171.63 are most important source for the production of
F- Value 3.28 alkaline protease for industrial applications's.
Table 5. Comparison study of original and optimized medium for
protease production by Streptomyces sp. LCJI12A
Day 2 Day 4 Day 6 Day 8 Day 10 Day 12
Control 121.43+0.9  124.07¢1.1  136.21+0.8  118.41%1.1  115.41+1.1  111.58+1.1
(original medium)
LCJ12A 129.34+1.2  140.49+1.1  170.570.9  190.23+1.2 167.81x1.1  143.89+1.1

(optimized medium)

Values are mean + standard deviation

The present study deals with the optimization of
carbon source by using seven different carbon
sources; starch, lactose, maltose, fructose, sucrose,
mannitol and glycerol, among them fructose was
found to enhance maximum protease production
and minimum protease production was observed
in the mannitol. Further, protease production was
monitored at different concentrations of fructose
(0.5 - 5g/L). That showed gradual increase of
organism growth and production capability was
observed while increasing the concentration of
fructose at 2 g/L showed optimum production.
Similarly, fructose recorded higher production
of alkaline protease at the same concentration (2
g/L)¥. Fructose can also be obtained from naturally
occurring molasses, by utilization of inexpensive
molasses as a substrate for the protease production
would be a great cost effective®.

In general, microorganisms have been
metabolizing nitrogen sources for their amino
acids and peptides production, which are core
components of an enzyme?'. Commonly organic
nitrogen sources provided a prominent yield of

alkaline protease when compared to the inorganic
nitrogen sources??. The current study results
revealed that prominent growth and production
of Streptomyces sp. LCJ12A was observed in the
inorganic nitrogen source. The current study in
protease production by Streptomyces sp. LCJ12A
was optimized with different inducers such as red
gram husk, black gram husk, green gram husk,
groundnut oilcake. Among them, red gram husk
exhibits the maximum production in the liquid
broth. Some have also reported that the inducer, red
gram husk acts as a good substrate for production
of protease?®. Additionally different concentration
ofred gram husk was used for the optimization, and
results showed that a concentration of 2 g/L showed
the higher production of protease (194.16+2.2 U/
mL). By using horse gram husk as a substrate for
protease production®, reported a yield of about 80
U/ml, which is lower than the present study.

The present study deals with enhancing
protease production by Streptomyces sp. LCJ12A
utilizing red gram husk with optimized concentration
of fructose and sodium nitrate. Thus, the optimized
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concentrations of both fructose and sodium nitrate
along with natural inducers increased the protease
production. In previous reports on the production
of protease, it has been observed that the carbon
and nitrogen sources are better substrates for the
production of protease**?’. Enzyme production
can also be carried out by using protein-rich
flours as cheaper alternative sources of carbon and
nitrogen®. On the other hand, further studies are
still under investigation to fulfill the ultimate aim
of maximizing the protease production in higher
scales. By using response surface methodology,
a number of studies have been conducted on
optimization of physicochemical parameters from
different organisms %32, Production of protease
on the effects of using different carbon and nitrogen
sources by Streptomyces radiopugnans VITSDS
were examined by a full factorial design method?*.
Similar work has also been done by using different
carbon and nitrogen sources for the production
of protease in conventional optimization, it
showed that the production of the protease was
high in beef extract compared to other inorganic
nitrogen sources®, whereas in the present study
Streptomyces sp. LCJ12A yields maximum
production in inorganic nitrogen source (sodium
nitrate) given in Table 2. However, future studies on
purification and characterization of Streptomyces
sp. LCJ12A, would help to extent its applications
in various industrial and biotechnological aspects.
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