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Abstract: The extracellular ribonuclease activity of Bacillus sp. was successfully improved by
optimization of nutritional and physical parameters in a set of non-statistical and statistical experiments. Plackett-
Burman and Central Composite Design in Response Surface Methodology were used to build statistical models
to screen out the significant variables and then study the effect of such variables on ribonuclease production.
Four significant variables namely malt extract, yeast extract, ammonium molybdate and fermentation broth pH
were selected via 24-factorial Central Composite Design (CCD) for ribonuclease production Bacillus sp. The
optimized values obtained by the statistical analysis showed that malt extract 1. 40 % (w/v), yeast extract 2.12 %
(w/v), ammonium molybdate 0.56 % (w/v) and pH 8.81 affected maximum ribonuclease production by Bacillus
sp. The ribonuclease production after optimization increased up to 1.83-fold with 83.52 % yield in comparison
to the conventional strategy. Analysis of variance (ANOVA) revealed high coefficient of determination (R2) of
0.9268 for the respective responses at significant level (p < 0.05).

Keywords: Bacillus sp.; Optimization; RNase; Response Surface Methodology; Central
Composite Design; Plackett–Burman Design.

Introduction
Ribonuclease (RNase) is a type of nuclease that

catalyzes the degradation of RNA into smaller
components that involves the exo- and endo-
ribonucleolytic cleavage of RNA molecules 1.
Exo-ribonuclease degrades starting at their ter-
mini in a sequence independent manner whereas
endo-ribonucleases cleave internally single or
double-stranded RNA (dsRNA) molecule. Many
endo-RNases exhibit substrate specificity, but their
target site is usually limited to one or a few spe-
cific nucleotides in a single-stranded RNA and
often in a context of a particular three-dimensional
structure of the substrate 2. In addition, RNases
play important roles in the metabolism of all types
of cellular RNAs, such as mRNA and rRNA or
tRNA maturation. Prokaryotic and eukaryotic cells
possess a large number of RNases that partici-

pate in many cellular functions such as cell growth
and differentiation, control of gene expression, cell
protection from pathogens and apoptosis 3.
RNases uniquely influence several functions in
the tumor cell simultaneously and demonstrated
the ability to overcome multi-drug resistance and
to enhance the cytotoxicity of a variety of anti-
cancer agents 4. The microbial RNases have re-
ceived attention due to difficulties surrounding
safety and standards on the use of bovine or other
animal-derived RNases. The commercial appli-
cations of RNase in various industrial processes
to produce nucleotides for clinical use or for the
food industry and in molecular biology to study
the structure of nucleic acids and proteins require
maximum RNase production.

The maximum production of RNase with cost
effective way in less time period may be achieved
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by employing alternate strategies of culture me-
dium optimization. Conventional one-variable-at-
a-time optimization strategy has traditionally been
used to optimize physical and nutritional param-
eters to enhance the production of RNase enzyme.
This approach is time consuming, requires a large
number of experiments and do not investigate the
interactive effects between variables. Therefore,
Response Surface Methodology (RSM) which is
a collection of mathematical and statistical tech-
niques for empirical model building was employed
by considering several independent (input) vari-
ables 5. An experiment is a series of tests, called
runs, in which changes are made in the input vari-
ables in order to identify the reasons for changes
in the output response. RSM also explains the
combined effects of all the independent variables
in a fermentation process and explores an approxi-
mate interaction between a response variable and
a set of design independent variables 6. The ap-
plication of RSM to design optimization is aimed
at reducing the cost of expensive analysis meth-
ods (e.g. finite element method or CFD analysis)
and their associated numerical noise 7. In RSM,
Plackett-Burman (PB) design is usually used as
the first step to screen main factors from a num-
ber of process variables and the design is useful
in selecting variables that can be fixed or elimi-
nated in further optimization processes. It is gen-
erally followed by the steepest ascent (descent)
method and Central Composite Design (CCD) to
estimate the relationship between the variables
and response.

In the present study, we aimed to produce ex-
tracellular RNase from the Bacillus sp. with en-
hanced RNase activity using one-variable-at-a-
time strategy and then screened the significant
variables using PB design and to further optimize
the levels of the screened variables were evalu-
ated by CCD approach.

Materials and methods
Microorganism and screening of RNase acti-
vity

The strain of Bacillus sp. procured from De-
partment of Biotechnology, Himachal Pradesh Uni-
versity, Shimla (Himachal Pradesh, India) was
originally isolated from a soil sample. Bacterial
strain was screened on the basis of zone of hy-

drolysis on the Nutrient agar plates containing 0.1
% (w/v) RNA 8. The bacterial culture was pre-
pared as suspension and screened for extracellu-
lar RNase production by inoculating onto the Nu-
trient agar plate. The plate was then incubated at
37oC until growth was clearly visible. After incu-
bation the plates were flooded with 3 ml of the
precipitant (perchloric acid) and left to stand for
5 min. The plates were then visualized for trans-
parent halos formed around the grown colonies,
against an opalescent RNA background. The cfu/
culture producing clear zone was preserved and
used for the fermentation.

Production of extracellular RNase by Bacil-
lus sp.

The Bacillus sp. was inoculated into broth con-
taining (g/L) glucose 1.0, beef extract 1.5, yeast
extract 1.5, NaCl 5.0 and pH was adjusted to
7.4±0.2. The broth amended with different car-
bon sources (glucose, malt extract, galactose, su-
crose, sorbitol, lactose, fructose, starch soluble and
xylose) with concentration ranging from 0.5 %
(w/v) to 3.0 % (w/v) and nitrogen source (yeast
extract, beef extract, tryptone, casein hydrolysate,
peptone as well as inorganic nitrogen sources such
as ammonium nitrate, ammonium sulphate, sodium
nitrate, ammonium chloride, potassium nitrate and
ammonium molybdate) in different concentrations
from 0.5 % (w/v) to 2.0 % (w/v) was subjected
to physical conditions such as wide range of pH,
ranging from 4.0 to 10.5, various temperatures
ranging from 25 to 55°C and agitation rates rang-
ing from 100 to 220 RPM. Out of a total of 18
compounds tested, the best carbon and nitrogen
sources were selected on the basis of response
of the organism in terms of ribonuclease produc-
tion. The components which showed relatively
good response for ribonuclease production by
Bacillus sp. were identified and the levels of these
components were studied. The best response was
selected as center point to be applied in response
surface methodology.

RNase activity
RNase activity of the Bacillus sp. was deter-

mined by the method of 9. The reaction mixture
contained 200 μL sodium acetate buffer (0.1 M,
pH 5.0) and 200 μL of culture filtrate/purified en-
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zyme. After equilibrating the enzyme assay mix-
ture at 37oC for 5 min, 200 μL of freshly prepared
yeast RNA (0.1 %, w/v in sodium acetate buffer)
was added and incubated for 15 min. After incu-
bation, 200 μLof chilled absolute alcohol was
added to stop the reaction and the entire solution
was cooled at 20°C for 10 min. The undigested
RNA was precipitated by centrifugation at 10,000
g for 10 min and the soluble ribonucleotides were
estimated spectrophotometrically at 260 nm. One
unit of enzyme activity is defined as the activity
to release acid soluble oligonucleotides per minute
to increase one unit of A260 value under assay
conditions.

Experimental design
After optimizing the nutrients by primary screen-

ing using a one-variable-at-a-time approach for
the production of extracellular RNase, Plackett-
Burman experimental design was used to screen
the significant variables that influenced ribonu-

clease production by Bacillus sp. There were 7
variables screened in 12 experiments with four
dummy variables. The experimental design with
the name, symbol code, and the actual level of
thevariables is shown in Table 1. Each variable is
represented in two levels: a high level denoted by
(+) and a low leveldesignated by (-). All experi-
ments were performed in duplicate and mean
values were presented.

In order to determine the optimum levels of sig-
nificant variables for ribonuclease production, the
RSM, using a CCD, was adopted for the aug-
mentation of ribonuclease production. A 24 facto-
rial central composite experimental design with
eight start points (α = 2) and six replicates at the
central point, which results in 30 experiments, was
used to optimize the screened variables grouped
as malt extract (X1), yeast extract (X2), ammo-
nium molybdate (X3) and pH (X4). Each of the
four significant variables is assessed at five coded
levels (-2, -1, 0, 1 and 2) as shown in Table 2,

Table 1. Plackett-Burman experimental design matrix for screening of culture
conditions for extracellular ribonuclease production by Bacillus sp.

Standard order Variables/levels RNase (U/mL)
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11

1 + + - + + + - A1 B1 C2 D1 5.94
2 + + + - - - + A1 B2 C2 D1 4.68
3 - - - - - - - A1 B1 C1 D1 1.86
4 + - - - + - + A2 B1 C2 D2 3.13
5 - + - + + - + A2 B2 C1 D1 0.58
6 + - + + + - - A1 B2 C1 D2 2.01
7 - - + - + + - A2 B2 C2 D1 1.65
8 + - + + - + + A2 B1 C1 D1 4.44
9 - + + - + + + A1 B1 C1 D2 2.89

10 - + + + - - - A2 B1 C2 D2 2.64
11 + + - - - + - A2 B2 C1 D2 3.93
12 - - - + - + + A1 B2 C2 D2 2.39

X1, Malt extract at a high level of 1.0 % (w/v) and a low level of 0.5 % (w/v)
X2, Yeast extract at a high level of 2.0 % (w/v) and a low level of 1.0 % (w/v)
X3, Ammonium molybdate at a high level of 1.0 % (w/v) and a low level of 0.5 % (w/v)
X4, Culture temperature at a high level of 40oC and a low level of 30oC
X5, Inoculum size at a high level of 9 % (v/v) and a low level of 5 % (v/v)
X6, Initial pH at a high level of 8.5 and a low level of 6.5
X7, Agitation rate at a high level of 160 RPM and a low level of 120 RPM
X8, X9, X10 and X11, dummy variables
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while the detailed experimental design was pre-
sented separately (Table 3). The variable levels
of Xi were coded as xi according to the following
equation:

i= 1, 2, 3, 4,………,j,       (1)

Where xi is the dimensionless value of the vari-
able Xi, Xi is the real value of the variable Xi, X0
is the real value of the variable Xi at the center
point and Xi is the step change 10.

From the experimental results, an approximate
polynomial relationship for dependent variables of
ribonuclease activity was obtained. The result of
this design was used to fit a second-order polyno-
mial equation:

Where y is the predicted response, β0 is the
offset term, βi is the ith linear coefficient, βii is
the ith quadratic coefficient and βij is the ijth in-
teraction coefficient 11.

Statistical analysis
The Design-Expert Software (Version 7.0, Stat-

Ease Inc., Minneapolis, USA) was used for the
regression analysis o fthe data obtained and to
plot the response surface graphs. Statistical analy-
sis of the model was performed to evaluate the
analysis of variance (ANOVA).

Results and discussion
Effect of process variables on ribonuclease
production

Among the selected variables, inoculum size of

Bacillus sp. enhanced the ribonuclease produc-
tion (2.27 U/mL) on addition of 7 % (v/v) inocu-
lum. Different carbon sources were tested, out
of which malt extract induced a higher produc-
tion of RNase at 0.75 % (v/v) concentration (2.97
U/mL), while the ribonuclease production was
reduced continuously on increasing the concen-
tration up to 3.0 % (2.42 U/mL). Since the high-
est RNase production was at 0.75 % (v/v) inocu-
lum concentration, it was selected as the center
point for the RSM-based process optimization.
Yeast extract was selected as the organic nitro-
gen/carbon source since it induced the second
highest nuclease production, next to malt extract,
in Nutrient broth among the four different con-
centrations tested. The highest ribonuclease pro-
duction was recorded at 1.5 % (3.7 U/mL) while
at 1 and 2 % (v/v) yeast extract, the RNase pro-
duction was 3.35 and 3.41 (U/mL), respectively.
Hence, 1.5 % yeast extract was chosen as the
center point for RNase production by Bacillus
sp. for RSM based optimization. Inorganic nitro-
gen source (Ammonium molybdate) along with
yeast extract also enhanced the RNase produc-
tion (3.87 U/mL) at 0.75 % (w/v) concentration
by Bacillus sp. The temperature and pH play
major roles in the production of ribonuclease and
were also included in the optimization process using
a one-parameter-at-a-time approach. Nutrient
broth, containing the selected carbon/nitrogen
sources, was incubated at various temperatures
to select the best temperature for the highest pro-
duction of ribonuclease. Maximum production of
RNase was recorded at 35°C (4.09 U/mL) but
dropped to 3.56 U/mL at 30°C. RNase produc-
tion was drastically reduced at higher tempera-
tures; therefore, temperature 35°C was selected
for the RNase by Bacillus sp. The Bacillus sp.
showed highest RNase production (4.17 U/mL)

(2)

Table 2. Experimental range and levels of the variables for RSM experiments

Variables Symbol Range and levels
code -2 -1 0 1 2

Malt extract X1 0 0.63 1.25 1.88 2.5
Yeast extract X2 1.0 1.5 2.0 2.5 3.0
Ammonium molybdate X3 0 0.25 0.5 0.75 1.0
pH X4 6.0 7.25 8.5 9.75 11.0
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Table 3. Experimental design used in RSM studies by using four variables with
six center points showing observed and predicted ribonuclease activity

RNase (U/mL)
Standard order X1 X2 X3 X4 Observed Predicted

1 -1 -1 -1 -1 1.58 2.64
2  1 -1 -1 -1 1.24 1.62
3 -1  1 -1 -1 1.83 2.48
4  1  1 -1 -1 0.93 0.82
5 -1 -1  1 -1 1.96 2.25
6  1 -1  1 -1 1.87 2.71
7 -1  1  1 -1 4.72 4.60
8  1  1  1 -1 4.00 4.42
9 -1 -1 -1  1 0.38 1.03

10  1 -1 -1  1 1.31 1.90
11 -1  1 -1  1 1.24 0.85
12  1  1 -1  1 0.32 1.07
13 -1 -1  1  1 1.87 2.44
14  1  0  1  1 4.37 6.43
15 -1  1  1  1 4.00 4.73
16  0  1  1  1 7.03 6.43
17 -2  0  0  0 0.34 0.00
18  2  0  0  0 0.68 0.07
19  0  0 -2  0 4.17 2.53
20  0  2  0  0 3.96 4.05
21  0  0 -2  0 0.48 0.00
22  0  0  2  0 5.00 4.47
23  0  0  0 -2 6.93 5.97
24  0  0  0  2 7.00 6.41
25  0  0  0  0 7.60 6.57
26  0  0  0  0 6.48 6.57
27  0  0  0  0 6.12 6.57
28  0  0  0  0 6.34 6.57
29  0 0  0  0 6.41 6.57
30  0 0  0  0 6.48 6.57

at the pH value of 7.4, whereas use of other pH
values (6 and 7) of the fermentation medium re-
sulted in lower ribonuclease production (3.35 and
3.68 U/mL, respectively). Hence the pH 7.4 was
selected for the further optimization process. Be-
sides temperature and pH, agitation rate also in-
creased the RNase production (4.31 U/mL) at
140 RPM. This study of classical optimization
showed better extracellular RNase production
(4.31U/mL) by Bacillus sp. than earlier work in
which RNase activity of 3.8 U/mL was reported

for Streptomyces sp. and 0.18 U/mL for Strepto-
myces aurofaciens 12.

In the initial screening, Bacillus sp. produced
the maximum RNase using malt extract, yeast
extract, ammonium molybdate, pH 7.4, tempera-
ture 35°C under shaking at 140 RPM. Based on
the above results, use of malt extract as a carbon
source, yeast extract as an organic nitrogen
source, ammonium molybdate as an inorganic ni-
trogen source, inoculum size 7 % (v/v), pH 7.4,
temperature 35°C and agitation rate 140 RPM
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were predicted for the maximum RNase produc-
tion by Bacillus sp. using RSM.

Screening of significant variables for RNase
production using PB design

Based on the above results, the relatively im-
portant seven variables were selected for the
RNase production by the Bacillus sp., i.e. incu-
bation temperature, initial pH, inoculum size, agi-
tation rate, carbon source, organic nitrogen source
and inorganic nitrogen source were screened by
Plackett-Burman experimental design. The experi-
mental design and corresponding ribonuclease
yields were presented (Table 1). Among selected
variables, the most effective factors with high sig-
nificance level were concentration of malt extract,
yeast extract, ammonium molybdate and pH
(Table 4), which were hence considered for fur-
ther optimization for the RNase production by the
Bacillus sp.

Statistical analysis of the Plackett-Burman de-
sign demonstrated that model F value of 4.56 was
significant. The value of p<0.05 indicated that the
model terms were significant (Table 4). The R2

value (multiple correlation coefficient) closer to 1
denoted a better correlation between the experi-
mental and predicted responses. In this case, the
value of R2 (0.79) indicated good correlation be-
tween experimental and predicted values. The
coefficient of variation indicates (CV) degrees of
precision with which the experiment compared.
The lower reliability of the experiment is usually
indicated by high value of CV. In the present case,
a low CV (30.88 %) denoted that the experiment
performed are highly reliable. The p value de-
noted the significance of coefficient and also im-

portant in understanding the pattern of mutual in-
teraction between the variables. Consequently,
based on the results from this experiment, statis-
tically significant variables i.e., malt extract, yeast
extract, ammonium molybdate and pH with posi-
tive effect were further investigated with central
composite design to find the optimal range of these
variables.

Optimization of significant variables for
RNase production by using CCD

In order to search for the optimum culture con-
ditions to enhance the ribonuclease production,
experiments were performed according to CCD
experimental plan together with experimental re-
sults obtained from PB design. Based on the
Plackett-Burman design malt extract, yeast ex-
tract, ammonium molybdate and pH were further
selected for optimization by CCD for 4 signifi-
cant variables and the corresponding experimen-
tal data were presented (Table 2). The response
generated from the results of CCD showed that
Quadratic Model was best one and hence selected
(Tables 3, 4, and 5) while other regression models
were aliased. The results obtained were subjected
to analysis of variance on Stat-Ease package with
the regression model given as:

Results from the second order RSM fitting in
the form of analysis of variance (ANOVA) were
recorded (Tables 5, 6 and 7). The regression model,
which consisted of one offset, eight quadratic and

Table 4. Results of the screening experiments for RNase production by Bacillus sp.

Variables Sum of Coefficient Standard F value P value
squares estimate error (Prob>F)

Model 19.70 3.01 0.27 4.56 0.0461*
Malt extract 12.24 1.01 0.27 14.15 0.0094
Yeast extract 2.24 0.43 0.27 2.59 0.1590
Ammonium molydate 3.35 0.40 0.27 0.22 0.8864
pH 1.86 0.53 0.27 3.87 0.0966

R2 - 0.79; CV - 30.88 %

Y= 6.57+0.17 X1+0.38 X2+1.25 X3+0.11 X4-
1.71 -0.82 -1.15 -0.094 -0.16 X1

X2+0.37 X1 X3+0.47 X1 X4+0.62 X2 X3 -0.011 X2
X4 +0.44 X3 X4
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Table 5. Sequential model sum of squares

Source Sum of df Mean F value p-value
squares square (Prob>F)

Mean vs Total 379.07 1 379.07
Linear vs Mean 41.99 4 10.50 1.87 0.1480
2FI vs Linear 15.40 6 2.57 0.39 0.8767
Quadratic vs 2FI 111.91 4 27.98 31.36 <0.0001 Suggested
Cubic vs Quadratic 4.54 8 0.57 0.45 0.8575 Aliased
Residual 8.84 7 1.26
Total 561.76 30 18.73

Table 6. Lack of fit tests

Source Sum of df Mean F value p-value
square square (Prob>F)

Linear 139.34 20 6.97 25.65 0.0010
2FI 123.94 14 8.85 32.59 0.0006
Quadratic 12.02 10 1.20 4.43 0.0572 Suggested
Cubic 7.48 2 3.74 13.77 0.0093 Aliased
Pure error 1.36 5 0.27

Table 7. Model Summary Statistics

Source Standard Adjusted Predicted R-squared Press
deviation  R-sSquared R-squared

Linear 2.37 0.2299 0.166 -0.0525 192.28
2FI 2.57 0.3142 -0.4417 -0.4417 263.39
Quadratic 0.94 0.9268 0.8584 0.6102 71.21 Suggested
Cubic 1.12 0.9516 0.7995 -4.9083 1079.40 Aliased

six interaction terms, was generated using the
Design Expert Software. The predicted level of
ribonuclease production by Bacillus sp. at each
of the points was determined using a regression
equation (Table 3) along with the observed data.
The coefficient values of the regression
equation(s) are listed in Table 8. The P-value
serves as a tool for checking the significance of
each coefficient and also important in understand-
ing the mutual interactions between the variables.
Smaller is the P-value, more significant the cor-
responding coefficient 13. The coefficients of X2,
X3,  and had remarkable effects on ribo-
nuclease production, followed by X1, X4and. The
interaction terms of X1X2, X1X3, X1X4, X2X3, X2X4

and X3X4appeared to be insignificant, which
showed that there was relatively no mutual inter-
action between any two variables. The probabil-
ity value of the interactive effect of yeast extract
and ammonium molybdate and yeast extract and
pH were 0.9647, respectively indicated that those
variables have less significant effects on the
model. The ANOVA of quadratic regression
model demonstrated that the model was highly
significant, which was evident from the Fisher’s
F-test with a very low probability value [(Pmodel>
F) = 0.0001] (Table 8). The model F value of 13.56
implied that the tested model was significant. The
fit of the model was also expressed by the coeffi-
cient of determination, R2, which was 0.9268, in-
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Table 8. ANOVA for Response Surface Quadratic Model

Source Coefficient Standard F value P-value
estimate error Prob>F

Model 13.56 <0.0001
Intercept  6.57 0.38
X1  0.38 0.19 0.81 0.3817
X2  0.17 0.19 3.84 0.0688
X3  1.25 0.19 42.12 0.5926
X4  0.11 0.19 0.30 0.5165
X1 X2 -0.16 0.24 0.44 0.1361
X1 X3  0.37 0.24 2.48 0.0629
X1 X4  0.47 0.24 4.04 0.0196
X2 X3  0.62 0.24 6.83 0.9647
X2 X4 -0.011 0.24 2.025E-003 0.9647
X3 X4  0.44 0.24 3.48 0.0817

-1.71 0.18 89.68 <0.0001

-0.82 0.18 20.63 0.0004

-1.15 0.18 40.69 <0.0001

-0.094 0.18 0.27 0.6096

CV- 26.57 %; R2- 0.9268; Adj. R2- 0.8584; *: non significant

dicating that 92.68 % of the variability in the re-
sponse could be explained by the model and only
7.32 % of the total variation were not explained
by the model. The R2 value higher than 0.9 was
considered to have a very high correlation 14. The
value of the adjusted determination coefficient
(Adj R2= 0.8584) was also high enough to advo-
cate for a high significance of the model 15. Adeq
precision measures the signal to noise ratio that
should be greater than 4 16. The observed ratio of
10.749 indicated an adequate and desirable sig-
nal. The coefficient of variation (CV) indicated
the degree of precision with which the treatments
are compared 17,18, and the lower the value of
CV the higher the reliability of experiment 19.
Here, a lower value of the CV (26.57 %) indi-
cated a higher reliability of the experiment. The
‘lack of fit F value’ of 4.43 indicated the lack of
fit is not significant relative to the pure error sug-
gesting it is a good fit for this model (Table 6).

The 2D contour plots and 3D response surface
plots which were generated from the regression
equation by keeping the 2 variables at zero and

changing the other 2 variables with different com-
binations (Figs. 1 to 2), thus exhibited the maxi-
mum RNase production of 7.6 U/mL at the pre-
dicted level of the four variables. The main aim
of the RSM was pursued efficiently for the opti-
mum values of the variables, to maximize the re-
sponse 20. Six plots showed the response surface
curves for the variation in the yields of RNase as
a function of concentrations of two variables with
the other variables being at their optimum levels
21,22. By using RSM, the interaction between two
variables and their optimum levels could be un-
derstood and located easily.

If the response surface is elliptical, the maxi-
mum point can be obtained at the point of inter-
section of major and minor axes of the ellipse. As
shown in Fig. 1 the maximum production of ribo-
nuclease from Bacillus sp. was obtained when
the concentration of malt extract (Fig. 1A, B),
yeast extract (Fig. 1A, C) and ammonium molyb-
date (Fig. 1B, C) was 1.25-1.56 % (w/v), 2.00-
2.25 % (w/v) and 0.50-0.63 % (w/v), respectively.
According to this model high yeast extract in the
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Fig. 1. Response surface of ribonuclease production by Bacillus sp.ZH14 as a function of (A)
malt extract concentration and yeast extract concentration, (B) malt extract concentration and
ammonium molybdate concentration (C) yeast extract concentration and ammonium molybdate
concentration.

(A)

(B)

(C)
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fermentation medium was required for extracel-
lular ribonuclease production. A previous study
reported that high yeast extract concentration in
fermentation medium was required for the bio-
synthesis of RNases 23. The positive effect of high
concentration of yeast extract on the production
of RNase was also reported for B. cereus ZH14
22. The present study indicated that the RNase
production by Bacillus sp. was also affected by
low concentration of ammonium molybdate as
inorganic nitrogen source in the fermentation
medium. During the studies on fermentation me-
dium optimization, the carbon source needed for
maximal yield of the ribonuclease seemed to be
different among bacteria, i.e., glucose and lac-
tose for better RNase production of Bacillus in-
termedius 24 and glucose for E. coli and A. niger
25,26. In our study, malt extract was found to be
better than glucose as carbon sources for ribonu-
clease production by selected Bacillus sp. An in-
crease in ribonuclease production was observed
when broth pH was increased. The plots depicted
the interaction of pH with the three other vari-
ables (Fig. 2). The studies related to fermentation
condition reported that the lower pH were suit-
able for fungi whereas bacteria required higher
pH 27,28. An increase in RNase production was
observed when the ammonium molybdate con-
centration was increased to some extent. Finally,
with the detailed point prediction of Design Ex-
pert Software, the optimum levels of the variables
obtained were malt extract 1.40 % (w/v), yeast
extract 2.12 % (w/v), ammonium molybdate 0.56
% (w/v) and pH 8.81.

The model predicted that the maximum RNase
productionby selected Bacillus sp. could be ob-
tained using the above optimumconcentrations of
the variables were 8.03 U/ml. A repeated fermen-
tation of RNase under the optimalcondition was
carried out, and the maximum enzymeactivity
obtained during the experiment was found to be
7.91 U/ml. Evidently, this should be in close agree-
ment with the model prediction. The RNaseactivity
underoptimized conditions (malt extract 1.40 %
(w/v), yeast extract 2.12 % (w/v), ammonium
molybdate 0.56 % (w/v), pH 8.81, temperature
40oC, inoculum size 9 % (v/v) and agitation rate
120 rpm) was 7.78 U/ml, while the activity under
original conditions(malt extract 0.75 % (w/v),

yeast extract 1.5 % (w/v), ammonium molybdate
0.75 % (w/v) pH 7.4, temperature 37oC, inocu-
lum size 7 % (v/v) and agitation rate 140 rpm)
was 4.31 U/ml. Thus, the optimization enhanced
the RNase production by Bacillus sp. by 83.5 %
in the same fermentation time and the RNase pro-
duction was greater (60 %) that Bacillus firmus
VKPACU1 reported in a previous study 19. Over
the last few decades, a few papers reported the
optimization of process parameters for ribonu-
clease 17,19,28,29,30,31 and most of these studies had
focus on fungal ribonucleases.In most of the
cases, the time required for the optimum RNase
production by a fungus was between 2 to 10 days
7,32. In contrast, in the present study, the RNase
production by Bacillus sp. occurred within a short
duration (post 6-16 h of incubation). Finally, with
the detailed prediction of Design Expert Software,
the optimum levels of the variables obtained were
malt extract 1.4 % (w/v), yeast extract 2.12 %
(w/v), ammonium molybdate 0.56 % (w/v) and
pH 8.81 for extracellular RNase production by
Bacillus sp. The tested model predicted that the
maximum ribonuclease production that could be
obtained using the above optimum values of the
variables was 7.91 U/mL.

Validation of the experiment
Statistical optimization of culture conditions us-

ing PB and CCD appeared to be a valuable tool
to obtain high RNase production by Bacillus sp.
The final optimized condition to produce ribonu-
clease were: malt extract 1.40 % (w/v), yeast ex-
tract 2.12 % (w/v), ammonium molybdate 0.56
% (w/v), pH 8.81, temperature 40oC inoculum size
9 % (v/v) and agitation rate 120 rpm. Theoreti-
cally, this fermentation medium composition pro-
duced 8.031 U/ml of RNase and in practice the
production titer was about 7.91 U/ml. It proved
that the model was adequate to predict the opti-
mization of RNase production by Bacillus sp.
Compared to the ribonuclease production under
original conditions, the ribonuclease production by
Bacillus sp. after optimization had about 83.5 %
increase which was quite remarkable.

Summary
Four significant variables malt extract, yeast

extract, ammonium molybdate and pH were
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Fig. 2. Response surface of ribonuclease production by Bacillus sp. as a function of (A) malt extract
concentration and pH, (B) yeast extract concentration and pH, (C) ammonium molybdate concentration
and pH

(A)

(BC)

(C)
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selected via 24 factorial central composite design
for ribonuclease production. The optimized val-
ues obtained by the statistical analysis showed that
malt extract 1.4 % (w/v), yeast extract 2.12 %
(w/v), ammonium molybdate 0.56 % (w/v) and
pH 8.81 affected maximum ribonuclease produc-
tions. The maximum ribonuclease production af-
ter optimization was increased 83.52 % yield over
conventional strategy. Analysis of variance
(ANOVA) revealed high coefficient of determi-
nation (R2) of 0.9268 for the respective responses
at significant level (p<0.05). This study will be
further helpful for the production of bacterial ri-
bonuclease with cytotoxic activity.

Conclusion
Response Surface Methodology approach us-

ing Plackett–Burman design and Central Com-
posite Design appeared to be an influential statis-
tical tool for enhanced production of RNase from
Bacillus sp. A maximal production 7.78 U/ml of
RNase was achieved with the optimized fermen-
tation conditions [malt extract 1.40 % (w/v), yeast
extract 2.12 % (w/v), ammonium molybdate 0.56
% (w/v), pH 8.81, temperature 40oC, inoculum

size 9 % (v/v) and agitation rate 120 rpm]. Under
optimal conditions of independent variables, the
experimental responses closely related with pre-
dicted responses thus confirming the validity of
model. The optimized model through RSM showed
1.83-fold enhancement in RNase production by
the selected Bacillus sp. Further study is in
progress to study the effect of purified RNase on
the cancerous mammalian cell lines.

Acknowledgments
The financial support in the form of RGNF-JRF

to RS and DST-JRF to AS in the form of Junior
Research Fellowship(s) by Department of Sci-
ence and Technology, New Delhi (India) are
thankfully acknowledged.

Conflict of interest
The authors declare no conflict of interests

among the authors or with their parent institute.

Ethical statement
This article does not contain any studies with

human participants or animals performed by any
of the authors.

References
1. Mishra, P., Singh, L. and Wahid, Z.A. (2014) RNase purification from isolate Rns. Int. J.

Eng. Technol. Sci. 1: 25-27.
2. Glow, D., Pianka, D., Sulej, A.A., Kozlowski, L.P., Czarnecka, J., Chojnowski, G.,

Skowronek, K.J. and Bujnicki, J.M. (2015). Sequence-specific cleavage of dsRNA by Mini-
III RNase. Nucleic Acids Res. 43: 2864-2873.

3. Venkateswararao, J., Prabhakar, T., Girijasankar, G. and Vidyadhara, S. (2011). Production
of ribonuclease by various isolates. Int. J. Pharm. Technol. 3: 3735-3744.

4. Suri, S., Panda, B., Javed, S. and Mohd, A. (2007). RNase: a novel enzyme for treatment of
cancers. The Internet J. Oncol. 5: 1-5.

5. Montgomery, D.C. (2005). Design and Analysis of Experiments Response Surface Method
and Designs (New Jersey, John Wiley and Sons, Inc).

6. Khusro, A., Kaliyan, B.K., Al-Dhabi, N.A., Arasu, M.V. and Agastian, P. (2016). Statistical
optimization of thermo-alkali stable xylanase production from Bacillus tequilensis strain ARMATI.
Electron. J. Biotechnol. 22:16-25.

7. Nair, S.S. (2013). Experimental investigation of multipasstig welding using response surface
methodology. Int. J. Mech. Eng. Robot Res. 2: 242-254.

8. Hole, R.C., Singhal, R.S., Melo, J.S. and D’Souza, S.F. (2004). A rapid plate screening
technique for extracellular ribonuclease producing strains. BARC. News Letter. 249: 10-13.

9. Sana, B., Ghosh, D., Saha, M. and Mukherjee, J. (2006). Purification and characterization
of an extracellular, uracil specific RNase from a Bizionia species isolated from the marine
environment of the Sunderbans. Microvasc. Res. 163: 31-38.

Suchika Jamwal et al. / JAM 3(3) 2017 pp 131 - 144 142



10. Chen, Q.H., He, G.Q. and Ali, M.A.M. (2002). Optimization of medium composition for pro-
duction of elastase by Bacillus sp. EL31410 with response surface methodology. Enzyme Micro.
Technol. 30 :667-672.

11. Cladera, O.F., Caron, G.R. and Brandelli. A. (2004). Bacteriocin production by Bacillus
licheniformis strain P40 in cheese whey using response surface methodology. Biochem. Eng. J.
21: 53-58.

12. Anwar, M.,  Deshmukh, S.S., Killedar, N. and Narayan, L. (2015). Medium optimization,
purification, characterization and specificity studies of extracellular RNase from Streptomyces
sp. Int. J. Biol. Chem. 9: 133-141.

13. Khedher, S.B., Jaoua, S. and Zouari, N. (2013). Application of statistical experimental design
for optimisation of bioinsecticides production by sporeless Bacillus thuringiensis strain on cheap
medium. Braz. J. Microbiol. 44: 927-933.

14. Chan, S., Jantama, S.S., Kanchanatawee, S. and Jantama, K. (2016). Process optimization
on micro-aeration supply for high production yield of 2,3-butanediol from maltodextrin by meta-
bolically-engineered Klebsiella oxytoca. PLoS ONE 11(9): e0161503.

15. Xu, W., Kong, B.H. and Zhao, X.H. (2014). Optimization of some conditions of Neutrase-
catalyzed plastein reaction to mediate ACE-inhibitory activity in vitro of casein hydrolysate prepared
by Neutrase. J. Food Sci. Tech., 51: 276-284.

16. Gurme, S.T., Surwase, S.N., Patil, S.A. and Jadhav, J.P. (2014). Evaluation of various factors
affecting bioconversion of l-tyrosine to l-dopa by yeast Yarrowia lipolytica-NCIM 3450 using
response surface methodology. Nat. Prod. Bioprospect. 4: 141-147.

17. Demir, T., Gube, O., Yucel, M. and Kocabas, E.E.H. (2013). Increased alkalotolerant and
thermostable ribonuclease (RNase) production from alkaliphilic Streptomyces sp. M49-1 by
optimizing the growth conditions using response surface methodology. World J. Microbiol.
Biotechnol. 29:1625–1633.

18. Tanyildizi, M.S., Elibol, M. and Ozer, D. (2006). Optimization of growth medium for the pro-
duction of á-amylase from Bacillus amyloliquefaciens using response surface methodology. J.
Chem. Tech. Biotech. 81: 618-622.

19. Kumar, P.A., Manikandan, M. and Kannan, V. (2010). Optimization of nutrients for the
production of RNase by Bacillus firmus VKPACU1 using Response Surface Methodology.
Biotechnol. Bioprocess. Eng. 15: 641-650.

20. Sayyad, S.A., Panda, B.P., Javed, S. and Ali, M. (2007). Optimization of nutrient parameters
for lovastatin production by Monascus purpureus MTCC 369 under submerged fermentation
using response surface methodology. Appl. Microbiol. Biotechnol. 73: 1054-1058.

21. Tang, X., He, G., Chen, Q., Zhang, X. and Ali, M.A.M. (2004). Medium optimization for the
production of thermal stable β-glucanase by Bacillus subtilis ZJF-1A5 using response surface
methodology. Bioresour. Technol. 93: 175-181.

22. Zhou, W.W., He, Y.L., Niu, T.G. and Zhong, J.J. (2009). Optimization of fermentation condi-
tions for production of anti-TMV extracellular ribonuclease by Bacillus cereus using response
surface methodology. Bioprocess Biosyst. Eng. 33: 657-663.

23. Gabdrakhmanova, L.A., Znamenskaya, L.V., Krasnov, S.I., Chernokal’skaya, E.B. and
Leshchinskaya. I.B. (1996). Effects of cultivation medium components on the accumulation of
bacillary ribonucleases in the culture liquid of Escherichia coli recombinant strains. Microbiology.
65: 525-531.

24. Sharipova, M.R., Balaban, N.P., Gabdrakhmanova, L.A., Shilova, M.A., Kadyrova, Ju.M.,
Rudenskaya, G.N. and Leshchinskaya, I.B. (2002). Hydrolytic enzymes and sporulation in
Bacillus intermedius. Microbiologiya. 71: 494-499.

25. Gundampati, R.K., Sharma, A., Kumari, M. and Debnath, M. (2011). Extracellular poly

Suchika Jamwal et al. / JAM 3(3) 2017 pp 131 - 144 143



(A) specific ribonuclease from Aspergillus niger ATCC 26550: purification, biochemical, and
spectroscopic studies. Process Biochem. 46: 135-141.

26. Tamura, M., Moore, C.J. and Cohena, S.N. (2013). Nutrient dependence of RNase Eessen-
tiality in Escherichia coli. J. Bacteriol. 195: 1133-1141.

27. Chacko, R., Deshpande, M. and Shankar, V. (1996). Extracellular ribonuclease production
by Rhizopus stolonifer: Influence of metal ions. Curr. Microbiol. 3: 246-251.

28. Xiong, Y.H., Liu, J.Z., Song, H.Y. and Ji, L.N. (2004). Enhanced production of extracellular
ribonuclease from Aspergillus niger by optimization of culture conditions using response surface
methodology. Biochem. Eng. J. 21: 27-32.

29. Elibol, M. (2004). Optimization of medium composition for actinorhodin production by Strepto-
myces coelicolor A3(2) with response surface methodology. Process Biochem. 39: 1057-1062.

30. Gundampati, R.K. and Debnath, M. (2009). Extracellular ribonuclease from Aspergillus niger:
process optimization for production. Inter. J. Eng. Technol. 1: 317-320.

31. Zhou, W., Li, L., Chen, J., Liu, M. and Niu, T. (2008). Preliminary optimization of extracellular
ribonuclease production by Bacillus cereus ZH14 using one-fact-at-a-time methodology. Food
Technol. 33: 6-9 (in Chinese).

32. Gomes, E., De Silva, R. and Serzedello, A. (1998). Ribonuclease production by Aspergillus
species. Rev. Microb. 29: 187-192.

Suchika Jamwal et al. / JAM 3(3) 2017 pp 131 - 144 144


