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Previously, cellulase and xylanase producing microorganism, Bacillus subtilis NC1, was isolated from
soil. Based on the 165 rRNA gene sequence and API 50 CHL test the strain was identified as Bacillus
subtilis, and named as B. subtilis NC1. We cloned and sequenced the genes for cellulase and xylanase.
Plus, the deduced amino acid sequences from the genes of cellulase and xylanase were determined
and were also identified as glycosyl hydrolases family (GH) 5 and 30, respectively. In this study to
optimize the medium parameters for cellulase production by B. subtilis NC1 the RSM (response sur-
face methodology) based on CCD (central composite design) model was performed. Three factors,
tryptone, yeast extract, and NaCl, for N or C source were investigated. The cellulase activity was
measured with a carboxylmethyl cellulose (CMC) plate and the 3,5-dinitrosalicylic acid (DNS) methods.
The coefficient of determination (R?) for the model was 0.960, and the probability value (p=0.0001) of
the regression model was highly significant. Based on the RSM, the optimum conditions for cellulase
production by B. subtilis NC1 were predicted to be tryptone of 2.5%, yeast extract of 0.5%, and NaCl
of 1.0%. Through the model verification, cellulase activity of Bacillus subtilis NC1 increased from 0.5
to 0.62 U/ml (24%) compared to the original medium.
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Table 1. Range of different variables for the central composite
design and results for cellulase activity using factors

Symbol Coded values
Factor .
(unit) 2 -1 0 +1 +2

Tryptone X1 (%) 05 10 15 20 25
Yeast extract X, (%) 01 05 0.9 13 17
NaCl Xs (%) 05 1.0 15 20 25
Runs X1 X2 X3 Response” Y (Diameter, mm)

1 2 0 0 17.40

2 2 0 0 18.30

3 -1 1 -1 15.90

4 1 -1 -1 17.85

5 1 1 1 13.40

6 0 0 0 15.10

7 0 0 0 15.25

8 -1 -1 1 17.45

9 -1 -1 -1 16.65

10 -1 1 1 16.55

11 0 2 15.00

12 0 0 2 15.15

13 1 1 -1 17.15

14 0 0 0 15.10

15 0 2 0 17.45

16 0 0 2 17.50

17 0 0 0 15.05

18 1 -1 1 16.95

The experiments were carried out in triplicate.
*Response was cellulase activity of Bacillus subtilis NC-1.
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Table 2. Analysis of variance (ANOVA) of central composite design for improving cellulase activity of Bacillus subtilis NC-1

Coefficient Sum of Degree of Standard P-value,
Source . Mean square F-value a
estimate squares freedom error Prob > F

Model 15.15 28.95 9 3.22 0.19 21.31 0.0001

- Tryptone -0.19 0.56 1 0.56 0.097 3.73 0.0897
X2 - Yeast extract -0.68 7.29 1 7.29 0.097 48.30 0.0001

- NaCl -0.49 3.90 1 3.90 0.097 25.84 0.0009
O -0.32 0.84 1 0.84 0.14 5.60 0.0455
XiXs -0.76 4.65 1 4.65 0.14 30.81 0.0005
XoXs -0.37 1.12 1 1.12 0.14 7.45 0.0258
Xi 0.69 10.34 1 10.34 0.083 68.49 < 0.0001
X’ 0.28 1.74 1 1.74 0.083 11.50 0.0095
X5 0.31 2.06 1 2.06 0.083 13.63 0.0061
Residual 1.21 8 0.15
Lack of Fit 1.19 5 0.24 31.60 0.0085
Pure Error 0.023 3 0.0075
Cor Total® 30.15 17

Standard deviation 0.39 Press” 8.66

Mean 16.29 R - squared 0.9600

Coefficient of variation 2.39 Adjusted R - squared 0.9149

Response model was suggested quadratic model through the lack of fit tests.
P-value, probability distribution value. P-value less than 0.05 indicate that the term is significant.
"X1Xa, X1Xs, XoXs represent the interaction effect of variables X1, X, and Xa. X2, X522, and X3 are the squared effects of the variables.

‘Cor Total, Sum of squares total corrected for the mean.

OlPress, The predicted residual sum of squares for the model.
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Fig. 1. Comparison between the experimental values and the
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Fig. 2. Contour plots of maximal cellulase activity showing the interactions between tryptone, yeast extract and NaCl. (A) Contour
plot showing the effect of tryptone (Xi) and yeast extrac t(X;) on cellulase activity (Y, response value) (B) Contour plot
showing the effect of tryptone (Xi) and NaCl (X;) on cellulase activity (Y, response value) (C) Contour plot showing the
effect of yeast extract (X;) and NaCl (X3) on cellulase activity (Y, response value).
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Fig. 3. Three-dimensional response surface of maximal cellulase activity showing the interactions between tryptone, yeast extract
and NaCl. (A) Response surface plot showing the effect of tryptone (X;) and yeast extract (Xz) on cellulase activity (Y, response
value) (B) Response surface plot showing the effect of tryptone (Xi) and NaCl (X3) on cellulase activity (Y, response value)
(C) Response surface plot showing the effect of yeast extract (X2) and NaCl (X3) on cellulase activity (Y, response value).
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=
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Fig. 4. Comparison of LB (basal) and optimal culture conditions
after incubation for 48 hr. The experiments were carried
out in triplicate (p<0.05).

Table 3. Comparison of cellulose activity of LB (basal) and opti-
mal culture conditions after incubation for 48hr

Enzyme Specific activity

(U/ml)
Control (LB) 0.50+0.005
RSM (optimal culture condition) 0.62+0.007

Data represent the means of three experiments with standard
deviation.
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