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ABSTRACT

The objective of this study was to optimize the production medium for Nocardia sp. LCJ15A, isolated from the soil
samples of Pichavaram mangroves, Tamil Nadu which showed high yields of protease activity. The isolate Nocardia sp.
LCJ15A was studied in 6 separate basal media for selection of the best medium. Subsequently protease production by
Nocardia sp. LCJ15A was further optimized by submerged fermentation. Various physical and nutritional parameters
were optimized for increasing the production of protease. Optimized parameters included carbon, nitrogen sources,
inducers and their concentration, pH and temperature. Plackett-Burman design assisted in finding the important
parameters which showed a strong influence on protease production by Nocardia sp. LCJ15A. Maltose (A), casein (B),
pH (C) and temperature (D) were selected as model factor for the design. A full factorial design was used to study the
effects of carbon and nitrogen sources in protease production by Nocardia sp. LCJ15A. The 4 main factors were evaluated
by one factor at a time (OFAT) method. This statistical optimization method led to production of 350.99%1.8 U/mL of
protease which was 3.5 fold greater when compared to unoptimized medium. Analysis of variance (ANOVA) revealed a
high coefficient of determination (R,) value of 0.9154, confirming a reasonable adjustment of the quadratic model with
the experimental data. Production of improved protease enzyme yields from Nocardia sp. LCJ15A maximizes its

applicability in various industries.

Keywords: Nocardia sp. LCJ15A, Optimization, Protease, Actinomycetes, Response Surface Methodology and

Plackett—Burman design.

1. INTRODUCTION

Proteases are considered as the most vital industrial
enzymes that account for 60% of the overall enzyme
market [1]. They find application in detergent, dairy,
meat, protein, photographic, brewing and leather
industries [2]. Increasing demand of proteases had led
researchers to search for promising sources of proteases
[3]. Bacterial enzymes are the cheapest sources that are
widely used in food, textile, and beverage industries
along with waste treatment processes [4]. Proteases from
many other bacteria have been extensively characterised
and studied because of their noteworthy part in cellular
metabolic process and also in industrial community, but
the proteases from actinomycetes did not gain much
attention [5]. Large scale production of proteases in
industries is mainly carried out under submerged
fermentation, where enzyme recovery is a very simple
process [6]. Under submerged fermentation, several
conditions have been described to stimulate proteolytic

enzyme production. Media components for enhanced
protease production have been noticed to be different for
each species when studied in submerged fermentation.
Therefore, media components like inducers, carbon and
nitrogen source besides physical aspects like temperature,
growth time, pH, inoculum size and aeration need to be
optimized to substantiate a successful fermentation
method for enzyme production [7]. Development of
appropriate medium and cultural conditions is necessary
Statistical

optimization enables a big experimental domain to be

to gain the optimum enzyme yield.

screened rapidly, along with signifying the importance of
components [8]. Response surface methodology (RSM) is
usually used for optimization studies in several
biotechnological and industrial processes [9]. RSM is
useful for designing, enhancing and optimizing methods,
for constructing a list of designs to offer suitable response
indications. [10]. Discovering new species having higher
protease activity with new traits will be benefitting the
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enzyme industry; these new species may be used in
different applications [11]. Achieving the basic industrial
objective of producing enzymes using a novel isolate is
likely if the strain is studied for its growth and enzyme
production aspects [12]. This can be accomplished by
optimizing several parameters. Therefore, the purpose of
this work was to formulate a suitable medium, optimize
various nutritional and physical parameters and to study

response surface methodology for protease production by
Nocardia sp. LCJ15A.

2. MATERIAL AND METHODS
2.1. Isolation and screening of Nocardia sp.
LCJ15A for protease activity

The Actinomycete isolate Nocardia sp. LCJ15A was
isolated from Pichavaram mangrove forest soil using
Humic acid vitamin agar (HVA) medium. Nocardia sp.
LCJ15A showed high proteolytic activity on skim milk
agar medium. Genomic DNA was isolated and PCR
amplification was done by universal primers. The
cultures were then identified by 16S rRNA sequence.
The nucleotide sequence of the 16S rRNA thus obtained
was subjected to BLAST analysis with the NCBI database,
and phylogenetic tree was constructed using the MEGA 6
software. The culture was maintained in ISP-2 slants and

also in glycerol stock and was stored at 4°C.

2.2. Selection of liquid medium for protease
production

Liquid medium is the main criteria for production of
protease by submerged fermentation. Keeping this in
view protease production was studied in six different
basal media: Starch Casein Broth [13] as Medium 1,
Glycerol-peptone salt broth [14] as Medium 2, Protease
production broth [15] as Medium 3, Malt yeast extract
broth [16] as Medium 4, Gelatine broth [17] as Medium
5 and Modified Nutrient Glucose Broth [18] as Medium
6. All the flasks containing different media were
complemented with a pinch of Nalidixic acid, Nystatin
and Actidione to avoid bacterial and  fungal
contamination. 100 ml medium was prepared and
autoclaved at 121°C for 15 mins. Under sterile
conditions four mycelial discs of Nocardia sp. LCJ15A
were inoculated into the flasks and incubated under
shaking conditions at 120 rpm at 30°C. At every 2 days
interval 10 ml of culture filtrate was taken and
centrifuged at 3500 rpm for 15 mins to remove mycelia
and medium debris and readings were taken at 660 nm.

2.3. Time course of protease production
Time course of protease production was studied using
growth curve obtained by inoculating the culture
Nocardia sp. LCJ15A in 100 ml protease production
broth. Readings were taken on alternative days at 660 nm
and the experiment was carried out for 16 days.

2.4. Assay for Protease

Keay and Wildi method [19] was followed to study
protease activity in the culture filtrate. The assay mixture
contained 200 ul of enzyme extract to which 500 ul of
1% casein was added. Subsequently 300 ul of 0.2 M
phosphate buffer (pH 7) was added and allowed to react
for 10 min at 37°C. Further 1ml of 10% TCA
(Trichloroacetic acid) was added to stop the reaction and
then centrifuged at 3000 rpm for 15 mins. An aliquot of
Iml of supernatant was mixed with 5 ml of 0.4 M sodium
carbonate (Na,COj) followed by the addition of 1ml of
Folin-Ciocalteu’s phenol solution. After 30 mins of
incubation, the absorbance of the supernatant was
spectrophotometrically measured at the wavelength of
660 nm [20]. One unit of the protease activity (U) is
defined as the amount of enzyme liberating lug of
tyrosine per ml at 37°C for 30 minutes [21]. Tyrosine
10-100 ug was used as standard to calculate enzyme

units.

2.5. Determination of protein

Protein concentration in the supernatant was studied by
Lowry et al., method [22]. Specific activity was measured
as the ratio between enzyme activity and the protein
concentration. Specific protease activity was calculated

and expressed as units/mg protein.

2.6. Optimization studies for protease
production using submerged fermentation
The standard method of medium optimization includes
varying one independent variable like carbon, nitrogen
and inducer while keeping other variables constant [23].
It is essential to study the process conditions and
optimization of fermentation medium to maximize the
profits from fermentation process. In deciding the cost
of enzyme production, medium optimization is an
important parameter [24]. Carbon and nitrogen sources
have a major role in the metabolism of essential nutrients
required for organism growth in the medium. Therefore,
in order to achieve optimum production of the desired
enzyme it is important to optimize the carbon and
nitrogen sources along with inducers. The conventional
"one-factor-at-a-time" method was used to optimize
physical and nutritional parameters by varying one
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parameter at a time while fixing the other parameters as

constant.

2.7. Effect of
concentration on protease production in
Protease Production Broth (PPB)

The influence of different carbon sources on the

carbon source and their

production of protease by Nocardia sp. LCJ15A was
studied. Sucrose, starch, fructose, lactose, glycerol
maltose and mannitol were the carbon sources used.
Glucose the original carbon source of the medium was
substituted by different carbon sources at 5 g/L
concentration, in separate sets of experiments while the
actual medium was used as the control. After the
selection of best carbon source, the concentration of the
best carbon source was further optimized in varying
concentrations of 0.5 to 5 g/L. Protease and protein
activity were determined at 660 nm.

2.8. Effect
concentration on protease production in
Protease Production Broth (PPB)

The influence of different nitrogen sources on protease

of nitrogen source and their

production by Nocardia sp. LCJ15A was studied using
both inorganic and organic nitrogen sources. Organic
nitrogen sources included urea and casein and inorganic
sources included ammonium nitrate and sodium nitrate
was studied. Peptone and yeast extract, the original
nitrogen source of the medium was substituted by
different nitrogen sources at 5 g/L concentration in
separate sets of experiments. After selecting the best
nitrogen source, the concentration of the best nitrogen
source was further optimized in varying concentrations

like 0.5 to 5 g/L.

2.9. Effect of inducers and their concentration
on protease production in Protease
Production Broth (PPB)

The influence of different natural and chemical inducers

on the production of protease by Nocardia sp. LCJ15A

was studied. Protease  production broth was
supplemented with natural inducers like green gram
husk, red gram husk, black gram husk, sesame oilcake
and groundnut oilcake oil at 3 g/L concentration in
separate sets of experiments. After selecting the best
natural inducer, the concentration of the best natural
inducer for Nocardia sp. LC]J15A was further optimized in
varying concentrations like 0.5 to 3 g/L. In the same way
the influence of different chemical inducers on the

production of protease by Nocardia sp. LCJ15A was

studied. Protease production broth was supplemented
with chemical inducers BSA, casein and gelatine at 3 g/L
concentration. After selecting the best chemical inducer,
the concentration of the best chemical inducer was
further optimized in varying concentrations like 0.5 to 3

g/L.

2.10. Effect of pH on protease production in
Protease Production Broth (PPB)

The influence of initial medium pH on protease

production by Nocardia sp. LCJ15A was evaluated. The

actual pH of PPB was 7 and various pH ranges were

adjusted from 4 to 10 using 0.1N HCL and 0.1N NaOH.

The protease activity was studied on alternate days.

2.11. Effect of protease
production in Protease Production Broth
(PPB)

The influence of different incubation temperatures

temperature on

ranging from 30°C to 40°C on the protease production
by the isolate Nocardia sp. LCJ15A was studied in
Protease Production Broth (PPB).

2.12. Medium optimization by statistical analysis
2.12.1. Experimental design for optimizing protease
production by Nocardia sp. LCJ154

The statistical optimization of medium components for
protease production was studied in two stages.

i) Plackett-Burman Design (PBD)

The Plackett-Burman Design (PBD) is a helpful means for
screening the important factors between several variables
[25]. Plackett-Burman Designs are used for screening the
medium components that remarkably influenced protease
production. Each variable was usually verified at two
levels, low (-) and high (+). The name, code and level of
variable of Plackett-Burman experimental Design are
represented in Table 1. The experimental runs were
studied in triplicates and the average value was
considered as the response. The Pareto chart exhibited
the variables showing highest positive effect and were
considered to have greater impact on protease
production and was chosen for further optimization using
CCD and RSM for maximizing protease production.
follows the
polynomial model (Eq. 1) and is a two-level fractional
design, Y = B, + > B.X, (1) Where Y is the predicted

response, [, is the value of the model intercept, B, is the

Plackett-Burman Design first-order

linear coefficient and X is the level of independent
variable
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Table 1: Medium components for protease
production by Nocardia sp. LCJ15A using
Plackett-Burman Design (PBD)

Variables Low level (-) High level
Maltose (g) 0.5 0.2

Casein (g) 0.1 1

pH 0 0.5
Temperature 0 0.4

Green gram husk 0 0.8

BSA 1 0.6

ii) Response Surface Methodology (RSM)-
Central Composite Design (CCD)

The core principle of RSM is to employ a series of
designed experiments to achieve an ideal response. The
type of the response surface plot in the optimum area is
studied by 2 ways. A series of experimental design Face
Centred Central Composite Design (FCCCD) was the
first step followed by RSM for enhancing the alkaline
protease production. In the experimental design each
individual factor was studied at 3 different levels from -1,
0 and + 1. A set of 29 experiments were studied
involving 4 main factors. All the main variables were
taken at a central coded value which is equal to zero.
After the experiment is completed, the average of the
maximum protease yield was considered as the response
or dependent variable (y). Multiple regression method
was applied to fit in the second ordered polynomial
equation into the data. This helped in finding an
experimental model that related to the response
determined by the independent variables of the
experiment. Protease production by Nocardia sp. LCJ15A
under submerged fermentation was controlled by 4
important factors, maltose (A), casein (B), pH (C) and
temperature (D). A response surface methodology using
a two-step experimental design was studied taking the
above factors in consideration. The following quadratic
equation was used to calculate the result for a four factor
system.

Y: ﬁ 0 +31X1 +ﬁZX2 +ﬁ3X3 +B4X4+BHX12 +322X22
+ﬁ33X3+ﬁ44X42+ﬁ12X1X2 +ﬁ13X1X3+ﬁ14X1X4 +323X2X3
+B,.X X, +B,.X X, - (2)
where, Y, predicted response; B intercept; B, B, B; B,
linear coefficients; B, B,, Bs; Piy squared coefficients;
B1y. Bis. Bis. Bos. Bos. P interaction coefficients [26].

2.13. Validation of protease production under

modified and original condition
The validation of the optimized factors was studied under
conditions predicted by the model by the optimized
values of the process parameters. The protease
production by Nocardia sp. LCJ15A was compared
between the modified and original production media.
100 mL of the modified and original medium were
inoculated with Nocardia sp. LCJ15A culture discs (4
mm) and incubated at 30°C. The protease activity was
then assayed on alternate days.

3. RESULTS & DISCUSSION
3.1. Isolation and screening of Nocardia sp.
LCJ15A for protease activity

Nocardia sp. LCJ15A, a novel actinomycete was isolated
from the soil sample of Pichavaram mangrove forest. The
culture showed high enzyme activity and was
characterized using molecular techniques. Genomic DNA
was isolated and amplified by PCR using the universal
primers. DNA was sequenced using Sanger’s dideoxy
method using big dye terminator v3.1. The sequence was
compared with those in the National Centre for
Biotechnology Information (NCBI) nucleotide sequence
database using Basic Local Alignment Search Tool
(BLAST). Subsequently the sequence was submitted in
NCBI using 16S rRNA submission tool through Banklt
and accession number KU921111 was obtained. The
phylogeny was constructed using MEGA 6.0. software
(Fig. 1) and showed homology with Nocardia Africana,
when compared with the most closely related sequences
in a NCBI database.

3.2. Selection of liquid medium for protease
production

The protease production was considerably different in all

the 6 media tested.

isolates was monitored over a period of 12 days. Protease

Enzyme production of selected

and protein activity were measured during alternative
days. Among the six different basal media, Protease
production broth i.e., Medium 3 favoured optimal
enzyme production of Nocardia sp. LCJ15A. Increased
enzyme activity was noted on g day and on 10" day a
simultaneous decline in specific protease activity was
observed. In Medium 3, a maximum protease activity of
122.98 U/mL was recorded on the day of incubation in
Nocardia sp. LCJ15A. The results also proved that other
media also showed enhanced protease production in
Nocardia sp. LCJ15A culture but significantly less
compared to Protease Production Broth (PPB).
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Fig. 1: Neighbor-Joining tree of the ITS region of strains LCJ15A and with higher similarity from the

Genbank selected from the results of a BLAST search

3.3. Time course of protease production

The growth pattern and protease production by Nocardia
sp. LCJ15A was studied. The protease activity was
significantly higher on the g day and increase in
biomass was observed on the 8" day. Subsequently on
the 10" day, a decline in protease activity was noted
with an increase in biomass. Nochure and Roberts
reported that the actual cause for increased incubation
time and declined protease activity could be due to
exhaustion of nutrients in the production medium [27].
This could be attributable to altered physiology that led
to secretary machinery inactivation of the enzymes. Ina
similar study by Oyeleke, maximum protease

production was reported on 6" day of incubation [28].

3.4. Effect of carbon source and their
concentration on protease production in
Protease Production Broth (PPB)

The carbon source used in the medium certainly has a
major effect on enzyme production. The results showed
that  Nocardia sp. LCJ15A was able to grow in the
various tested carbon sources and showed an increased
protease production in maltose with 83.64 U/mL in
PPB medium as shown in table 2. Generally complex
sources of carbon and nitrogen are needed for the
production of proteases, but requirements for particular
sources of carbon and nitrogen differ from organism to
organism [29]. Maltose favoured the protease
production which could be because of the organism’s
capacity to breakdown disaccharides into simple sugars
and that it was readily available for the metabolism and

growth of the organism. The concentration of maltose
ranging from 0.5 to 5.0 g/L was also studied in PPB.
Optimal protease activity of 148.5 U/mL was recorded
at 3.0 g/L of maltose is shown in Fig 2.

3.5. Effect of nitrogen source on protease
production in Protease Production Broth
(PPB)

Different organic and inorganic nitrogen sources were

employed to study their influence on protease

production. All the nitrogen sources studied supported
the organism’s growth and also enhanced protease
production compared to the control. Nevertheless, the
highest enzyme output was for casein with an activity of

157.66 U/mL. Other nitrogen sources, in combination

with yeast extract or either alone, showed a reduced

enzyme activity.

3.6. Effect of inducers on protease production
in Protease Production Broth (PPB)
The influence of several natural inducers like groundnut
oilcake, sesame oilcake, green gram husk, black gram
husk and red gram husk on the production of protease
was studied. Addition of natural inducer (green gram
husk) to the medium favoured optimum protease
activity of 183.11 U/mL. Similarly, the influence of
different concentrations of the best natural inducer,
green gram husk was studied in varying concentrations
from 0.5 to 3.0 g/L. Maximum protease activity of
185.51 U/mL was observed at 2.5 g/L of green gram
husk as shown in Fig 4. Subsequently the influence of
chemical inducers such as BSA, gelatine and casein on
the production of protease in PPB was studied. The
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yield of protease with addition of BSA was higher with
an enzyme activity of 158.12 U/mL. Similarly the
influence of different concentrations of chemical
inducer, BSA was studied in varying concentrations
from 0.5 to 3.0 g/L in PPB. Enhanced protease activity
of 140.82 U/mL was recorded at 3.0 g/L of BSA as

shown in Fig 5.

Table 2: Effect of different carbon
nitrogen

sources,
natural and chemical
inducers in the culture medium for protease
production by Nocardia sp. LCJ15A

sources,

Nutrient Source Protease yield
Carbon source (5g/L)

Sucrose 22.01+0.4
Starch 39.83%1.2
Fructose 31.2910.8
Lactose 34.6110.8
Glycerol 25.33%1.2
Maltose 83.641+1.4
Mannitol 24.99t1.6
Nitrogen source (5 g/L)

Urea 124.6%2.5
Casein 157.66*1.2
Ammonium nitrate 132.89%1.2
Sodium nitrate 101.06%4.7
Natural Inducer (3 g/L)

Green Gram husk 183.11 £1.4
Red Gram husk 168.321£ 0.7
Black Gram husk 17494+ 1.9
Sesame oilcake 157.55£ 1.3
Groundnut oilcake 144.37% 2.7
Chemical Inducer (3 g/L)

BSA 130.51%1.8
Casein 158.12£ 0.9
Gelatine 107.59%+ 0.8

Therefore protease production was more with casein
when compared to inorganic sources in PPB. Further
casein concentration was also optimized in varying
concentrations like 1 to 5 g/L and optimal protease
activity of 167.97 U/mL was noticed at 2.0 g/L of
casein is shown in Fig 3. In a similar study by Bajaj in
2011, an alkali-tolerant Streptomyces sp. DP2 utilized
soybean meal as best nitrogen source for protease
production  [30]. A few studies have reported
favourable protease production when tested with
complex nitrogen sources [31].
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3.7. Effect of pH on protease production in
Protease Production Broth (PPB)
The physical parameters are considered as important for
enzyme production. The present study showed that
favourable protease production was noticed at pH 10
with an activity of 120.88 U/mL. A further rise in pH
above 10 caused a decline in protease production. Since
pH 10 favoured the protease production the enzyme
was proved to be alkaline in nature. The pH of the
culture medium has a significant impact on several
enzymatic reactions and the transport of different
components across cell membranes, promote enzyme

production and cell growth [32].

3.8. Effect of protease
production in Protease Production Broth
(PPB)

Mostly the suitable incubation temperature varies

temperature on

significantly from one strain to another. Enhanced
protease production was noted at a temperature of
32°C for growth and protease production, showing
243.87 U/mL enzyme activity. Temperatures higher
than 32°C in the
production. Therefore a temperature condition ranging

caused a reduction protease
from 30°C to 32°C was considered optimal for protease
production. This study is in agreement with the findings
of Saravana Kumar (2010) conclusions that the medium
composition and some physical factors like the pH,
fermentation period and temperature favoured the

extracellular production of protease [33].

(Bwyn) Ananoe oyoeds

3.9. Optimizing protease production by
Nocardia sp. LCJ15A using Response surface
methodology

To analyse the interactive effects of different nutritional

and physical factors on protease activity by Nocardia sp.

LCJ15A, the statistical design method with RSM was

employed. Fig. 6 shows the Pareto chart of Nocardia sp.

LCJ15A which illustrates the significant factors for

enzyme activity. In addition, it directly shows that the

most important factors influencing protease production
are maltose, pH and temperature. Table 3 shows the

Plackett-Burman Design matrix, the observed and

predicted values for screening of important variables

for-protease production by Nocardia sp. LCJ15A.
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Fig. 6: Pareto chart showing the effect of six
factors on protease production by Nocardia sp.
LCJ15A

The input variables which have the most impact on the
system's final response were established from the one at
a time strategy and four factors interaction (two
nutritional and two physical) namely, Maltose (A),
Casein (B), pH (C) and temperature (D) was observed
by RSM following the FCCCD. Figure 7 and 8, shows
the three dimensional surface plot of interaction
between the 4 variables which also represents the
behaviour of protease production, squared effect,
interaction effect and main effect of the 4 variables.
From the 3D plot it is evident that maltose, casein, pH
and temperature helped in maximizing protease
production to a greater extent. The actinomycete strain,
Nocardia sp. LCJ15A showed the maximum predicted
enzyme production that can be obtained using the
optimum concentrations of medium components at
95% confidence level was 85.93 U/mL. Additional
experiments in duplicates, at shake-flask level were
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conducted by optimized medium to verify the model
prediction. These experiments showed 350.99%1.8
U/mL enzyme activity, which was 3.5 times more than
the un-optimized medium. It is also important to note
that the interaction outcome of the components was
significant. The maximum protease production was
observed after 7 days when the levels of maltose and
casein were at their central value of 3 and 2.5 g/L
respectively. For predicting the model point, a second
order polynomial function was fitted to the
experimental results of FCCCD. However, the model
equation predicted that the enzyme production was
subject to catabolite suppression by maltose and

favourable protease production could be achieved using
less amounts of carbon sources. Enzyme production was
inhibited at higher levels of pH and temperature.
Evaluation of all the plots indicated where optimum
conditions exist within the experimental area covered,
or in what way further experiments are required to
attain better results. The results predicted by model
equation from FCCCD showed that a blend of high
concentrations of casein, central value of maltose would
favour protease production in case of Nocardia sp.
LCJ15A.

Table 3: Plackett-Burman Design matrix, their observed and predicted values for screening of

important variables for-protease production by Nocardia sp. LCJ15A

Run Maltose Casein pH Temp

Greeen gram

BSA(g) protease activity (U/mL)

(2) (g) husk (g) Observed Predicted

value value
1 3.0 1.5 4.0 30 1.5 1.0 58.63 49.77
2 2.5 1.0 6.5 34 0.5 0.5 42.64 43.60
3 2.0 2.5 7.0 36 2.0 2.5 30.71 21.10
4 2.5 2.0 10.0 26 2.5 2.5 39.58 34.74
5 1.5 3.0 10.5 28 1.0 2.5 47.68 41.93
6 1.0 1.5 11.0 32 2.5 2.0 78.88 82.34
7 1.5 1.0 8.0 36 2.0 2.5 68.41 62.47
8 0.5 1.0 8.5 38 3.0 1.5 58.88 53.05
9 2.0 1.0 4.5 40 1.5 1.5 45.10 54.53
10 2.5 0.5 5.0 38 0.5 1.0 21.13 43.44
11 0.5 2.5 4.5 24 2.5 1.0 30.99 17.27
12 1.0 2.5 3.5 30 2.5 2.5 40.96 29.88
13 1.5 0.5 6.0 32 0.5 0.5 45.32 32.98
14 2.0 3.0 5.5 36 2.0 0.5 38.77 42.11
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Fig. 7: Three dimensional graph of the
interaction between maltose and casein
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interaction between pH and temperature
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FCCCD results for the 4 factors studied is given in
Table 4. R” value of 0.9154 (a value of R’> 0.8057
indicates the aptness of the model), indicated that 90%
of the differences in the response could be described by
the model. An adequate precision of 12.48 indicates an
adequate signal since it calculates the signal-to noise
ratio. The coefficient of variance was 4.27%. Design
Expert software was used for calculating the coefficients
of the regression equation, and the following equation
was obtained.

Y = 85.93-0.94X,-0.584X,-0.612X,-1.29X,X,-1.68
X, X+ 0.6651 X,X,- 0.51 X X,- 2.19 X,’-3.81X,°-3.19
X,

with Y, protease production (response); X, maltose;
X,, casein and X;, pH and X,, temperature for Nocardia
sp. LCJ15A. The 3D response surface plots are drawn
to understand the interactions between the model
variables and the optimum value required to maximize
protease production for each variable. Almost all
interactions have produced a 'nearly spherical variance
function that suggests a well-defined optimum for
protease production. The present investigation validates
the use of a statistical approach for determining the
interaction between four main variables using RSM for
alkaline protease production by CCD.

The results predicted after statistical design showed a
higher  correlation ~ with those obtained after
conventional methods. This study was the first in a
series of studies emphasizing a scale up approach for
protease production by Nocardia sp. LCJ15A utilizing
the optimized concentration of maltose and casein
besides pH and temperature. For enzyme production,
submerged fermentation is the favoured approach by
manufacturers of commercial enzyme production [34].
Medium components are optimized to ensure a balance
between the different medium components and thereby
reducing the quantity of unused components [35]. The
present study revealed that organic nitrogen source
showed better protease production compared to
inorganic nitrogen sources. This enhanced production
with organic nitrogen sources can be associated to their
capability to induce enzyme activity to high levels.
Enshasy (2008) emphasized that for the enhancement of
yield of proteases, the optimization of the production
medium and the physical conditions are to be
considered to establish a commercially efficient
technology [36]. Better fermentation conditions will
enhance higher production of proteases. Extracellular
protease production in microorganisms usually depends
on medium components like carbon and nitrogen

sources [37]. Organic nutrients are also less expensive
and helps in supplying the necessary minerals and
vitamins required for protease production. The cell
growth is also further rapid and efficient when organic
nitrogen sources are used, since they decrease the
number of components that cells would otherwise have
to be synthesized [38]. This research's preliminary work
centred on recognizing potential variables for enhancing
protease activity by Nocardia sp. LCJ15A strain by
optimizing various medium elements, using the RSM
method. Response Surface Methodology (RSM) was
commonly used to test and understand the interactions
between the various nutritional and physiological
factors. [39]. Response surface methodology is studied
by  many researchers for  optimization  of
physicochemical parameters from different organisms
[40]. There is a huge need to discover new strains that
produce industrially important enzymes with novel
properties [41]. In this study, an actinomycete strain
Nocardia sp. LCJ15A was considered for protease
production under submerged fermentation. Statistical
design is a growing approach to optimize medium
components and physical parameters for increased
enzyme production. Optimization of enzyme
production is studied using various statistical methods,
such as Box-Benhken experimental Design [42],
Response Surface Methodology [43] and Plackett-
Burman experimental Design [44].

For the screening of the most notable factors between
several variables, Plackett-Burman Design (PBD) is
employed [45]. Plackett-Burman design determines the
remarkable factors that play a major role in the enzyme
production and CCD analyses the interactions among
the factors [46]. A central composite design was
adopted for the optimization process. The independent
variables selected for this study were Maltose (A),
casein (B), pH (C) and temperature (D). Each
independent variable in the design matrix was studied at
3 distinct levels (-1, 0, +1). In statistical optimization
using response surface methodology the yield of
protease was 350.99%£1.8 U/mL, the medium
composition included maltose 2 g/L, casein 2.5 g/L,
pH 10 at 32°C temperature.

In a similar study by Beg, RSM was used for medium
optimization for Bacillus mojavensis for alkaline protease
production  from an interaction of  various
physicochemical factors [47]. Submerged fermentation,
is essentially dependent on the state of growth and
composition of nutrient medium for the production of
commercially important enzymes [48]. The results of
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FCCD for studying the influence of 4 independent
variables on protease production which clearly shows
the mean observed and predicted response, confirm that
protease production was enhanced compared to the
unoptimized medium. The regression equation value of
0.9154 clearly indicates the aptness of the model since

R*> 0.75. The optimization of protease production by
RSM was useful in this particular study, helped in the
casy identification of the important factors and
interaction among them. Further it also recommended
the importance of a range of factors at altered levels.

Table 4: FCCD Results of Nocardia sp. LCJ15A using 4 independent variables

RUN Maltose Casein pH Temp Observed Value Predicted value
1 -1 0 0 1 78.31 80.05
2 0 0 -1 0 81.66 83.45
3 0 0 0 -1 84.51 73.11
4 1 0 0 1 65.54 65.21
5 0 0 -1 0 54.02 55.16
6 0 0 0 0 74.10 73.99
7 1 1 0 1 76.19 75.08
8 0 -1 -1 0 69.28 72.16
9 0 1 0 1 85.36 86.66
10 0 0 0 -1 80.67 79.95
11 0 0 -0 1 81.55 82.19
12 0 1 -1 0 73.91 74.44
13 -1 -1 0 0 84.36 84.93
14 0 0 0 1 70.11 68.25
15 0 -1 1 1 78.09 76.55
16 0 1 1 0 84.68 85.11
17 -1 1 0 0 73.25 75.49
18 1 0 0 1 83.94 85.01
19 0 -1 0 1 66.17 65.41
20 -1 0 0 0 73.99 78.38
21 -1 0 1 -1 83.29 83.99
22 1 0 1 1 79.14 81.11
23 1 -1 0 0 82.59 83.13
24 1 0 -1 0 61.97 60.42
25 0 0 1 1 72.66 74.29
26 0 0 1 0 85.09 83.06
27 -1 0 -1 -1 79.63 79.11
28 0 -1 0 1 62.46 64.29
29 0 1 0 0 74.49 76.68

4. CONCLUSION

The study revealed that effective enzyme production
was associated with the growth of Nocardia sp. LCJ15A.
A combination of Plackett-Burman design and central
composite design showed to be effective for
understanding the interaction between the variables
which influenced protease production. Plackett—
Burman design identified that among the six selected
factors, temperature significantly influenced protease

production. CCD coupled with RSM revealed a 3.5 fold
increase in protease production (350.99%1.8 IU/ml)
over the control experiments. The present investigation
validates the use of a statistical approach for determining
the interaction between four main variables using RSM
for alkaline protease production by Nocardia sp. LCJ15A
using central composite design. The results predicted
after statistical design showed a higher correlation with
those  obtained  after  conventional  methods.
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Furthermore, the investigation also proved that
experimental designs offer an effective and feasible
method for the optimization of protease fermentation
medium. Validation experiments were performed to
confirm the adequacy and the precision of the model.
The results also gave a base line for the further study
with a large scale fermentation for protease production

from Nocardia sp. LCJ15A.

5. ACKNOWLEDGEMENT

The authors are thankful to the Management, Loyola
College, Chennai and Times of India (LC-TOI) for
providing necessary facilities and encouragement.

Conflict of interest
The authors declare no conflict of interest.

6. REFERENCES

1. Benluvankar V, Jebapriya GR, Gnanadoss ]]J.
International  Journal of Life Science and Pharma
Research, 2015; 50:12-19.

2. Gengkal H, Tari C. Enzyme
Technology, 2006; 39(4):703-710.

3. Mei C, Jiang X.
2005; 40(6):2167-2172.

4. Yandri ST, Hadi S. European Journal of Scientific
Research, 2010; 39(1): 64-74.

5. Gupta R, Beg Q, Khan S, Chauhan B. Applied
Microbiology ~and  Biotechnology, 2002; 60(4):381-
395.

6. Sandhya C, Sumantha A, Szakacs G, Pandey
A. Process Biochemistry, 2005; 40(8):2689-2694.

7. lkram-Ul-haq HM, Umber H. Journal of Agriculture
and Social Sciences, 2006; 2(1):23-25.

8. Khurana S, Kapoor M, Gupta S, Kuhad RC. Indian
Journal of Microbiology, 2007; 47(2):144-152.

9. Beg QK, Saxena RK, Gupta R. Biotechnology
Bioengineering, 2002; 78:289-95.

10. Anjum M, Tasadduq I, Al-Sultan K. European Journal
of Operational Research, 1997; 101(1):65-73.

11. Li Y, Jiang H, Xu Y, Zhang X. Applied Microbiology
and Biotechnology, 2008; 77(6):1207-1217.

12. Pariza MW, Johnson EA. Regulatory Toxicology and
Pharmacology, 2001; 33(2):173-186.

13. Balachandran C, Duraipandiyan V, Arun Y,

and  Microbial

Process  Biochemistry,

Sangeetha, et al. Revista Brasileira de Farmacognosia,

2016; 26(3):285-295.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

De Azeredo LAI, De Lima MB, Coelho RRR, Freire
DMG. Journal of Applied  Microbiology, 2006;
100(4):641-647.

Dastager SG, Dayanand A, Li W], Kim CJ, et al.
Current Microbiology, 2008; 57(6):638.

Bose A, Chawdhary V, Keharia H, Subramanian RB.
Annals of Microbiology, 2014; 64(1):343-354.
Thumar JT, Singh SP. Biotechnology and Bioprocess
Engineering, 2011; 16(6):1180-1186.

Balachandran C, Duraipandiyan V, Ignacimuthu S.
Asian  Pacific Journal of Tropical Biomedicine, 2012;
2(1):5392-5400.

Keay L, Moser PW, Wildi BS. Biotechnology and
Bioengineering, 1970; 12(2):213-249.

Malathi S, Chakraborty R. Applied and Environmental
Microbiology, 1991; 57(3):712-716.

Jayashree S, Annapurna B, Jayakumar R, Sa T, et al.
Journal of Genetic Engineering and Biotechnology, 2014;
12(2):111-120.

Lowry OH, Rosebrough NJ, Farr AL, Randall R].
Journal of Biological Chemistry, 1951; 193(1): 265-
275.
Ellaiah P,

Srinivasulu  B.

Adinarayana K, Rajyalakshmi P,

Asian  Journal Of Microbiology

Biotechnology ~ and  Environmental — Sciences, 2003;
5(1):49-54.
Bajaj BK, Sharma P. New  Biotechnology,

2011; 28(6):725-732.

Mazzucotelli CA, Agiiero MV, Del Rosario Moreira
M, Ansorena MR. Biotechnology
Biochemistry, 2016; 63(3):407-418.
Li N, Jiang Y, Li M, Luo X, Liu Y, Kan H, Zhang ],
Zhao P. Scientia Silvae Sinicae, 2017; 53(2):110-6.
Nochure SV, Roberts MF, Demain AL.
Biotechnology Letters, 1993; 15(6): 641-646.

Oyeleke SB, Egwim EC, Auta SH. journal of
Microbiology and Antimicrobials, 2010; 2(7): 83-87.
Kumar CG, Takagi H. Biotechnology Advances, 1999;
17:561-594.

Bajaj BK, Sharma P. New
2011; 28(6):725-732.

Gupta A, Khare SK. Enzyme
Technology, 2007; 42(1):11-16.
Vidyalakshmi R, Paranthaman R, Indhumathi J.
World Journal of Chemistry, 2009; 4(1):89-91.
Saravana kumar K, Thiyagarajan A, Kaviyarasan V.
Journal of Biosciences Resource, 2010; 1(3):118-129.

and  Applied

Biotechnology,

and Microbial

Special Issue: Recent Advances in Biotechnology & Microbiology, Sept.-2020



34.

35.

36.

37.

38.

39.

40.

Gnanadoss et al., | Adv Sci Res, 2020; 11 Suppl 6: 28-39 39

Viniegr-Gonzalez G, Favela-Torres E, Aguilar CN,
de Jesus Romero-Gomez S, et al. Biochemical
Engineering Journal, 2003; 13(2-3):157-167.
Kumar CG, Tiwari MP, Jany KD.
Biochemistry, 1999; 34(5):441-449.

El Enshasy H, Abuoul I, Enein A, Helmy S, et al.
Australian  Journal of Basic Applied Sciences, 2008;
2(3):583-593.

Beg QK, Saxena RK, Gupta R. Process Biochemistry,
2002; 37(10):1103-1109.

Gnanadoss ]J, Devi SK. Journal of Microbiology,
Biotechnology and Food Sciences, 2015; 4(6):518-
523.

Duraikannu D, Chandrasekaran SD. Frontiers in
Biology, 2018; 13(1):70-77.

Chauhan B, Gupta R. Process Biochemistry, 2004; 39:
2115-2122.

Process

41.

42.

43.

44,

45.

46.

47.

48.

Genckal H, Tari C. Enzyme and Microbial Technology,
2006; 39(4):703-710.

Mishra A, Kumar S, Kumar S. Journal of Scientific
and Industrial Research, 2008; 67(12):1098-1107.

Poojary  H, Mugeraya  G. Research  in
Biotechnology, 2012; 3(1): 09-20.
Levin L, Forchiassin F, Viale A. Process

Biochemistry, 2005; 40(3-4):1381-1387.

Plackett RL, Biometrika, 1946;
33(4):305-325.

Revankar MS, Lele SS. Bioresource Technology, 2007;
98(4):775-780.

Puri S, Beg QK, Gupta R. Current Microbiology,
2002; 44(4):286-290.

Heinzkill M, Bech L, Halkier T, Schneider P, et al.
Applied and Environmental.
1998; 64(5):1601-1606.

Burman |P.

Microbiology,

Special Issue: Recent Advances in Biotechnology & Microbiology, Sept.-2020



