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Abstract  The novel antimicrobial peptide in submerged fermentation by Bacillus sp. fmbJ224 is strongly influenced by many
internal and external factors namely medium constituents and fermentation conditions. In this study Plackett-Burman design
was undertaken to evaluate the effects of the seventeen factors. By the statistical regression analysis the significant factors
affecting the novel antimicrobial peptide in submerged fermentation by Bacillus sp. fmb]J224 were determined as follows

glucose NHy;NO; glutamic acid CaCl, MnSO,. In the second phase of the optimization process a response surface
methodology RSM  was used to optimize the above critical internal factors and to find out the optimization concentraction levels
and the relationships between these factors. By solving the quadratic regression model equation using appropriate statistic
methods the optimal concentration of the variables were determined as 8.13g/L glucose 6.14g/L NH,;NO; 4.2¢/L. glutamic
acid 3.98mg/L CaCl, 4.87 mg/L MnSO, . The content of the novel antimicrobial peptide was increased from 1304.21pg/mL to

1487 .58pg/mL. The experimental data under various conditions have validated the theoretical values.

Key words  Bacillus sp. fmb]224 novel antimicrobial peptide Plackett-Burman design response surface methodology

RSM  central composite rotatable design
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Plackett-Burman PB

Response surface methodology RSM

4-s
6
7-8
9-11
1
1.1
Bacillus sp. fmb] Bacillus  sp.
fmb]J224
1.2
1.2.1 g/L 5
NaCl 5 10 1000mL. pH7.2 ~ 7.4
Landy " Plackett-Burman
g/L. 1
100mL pH7.0 RSM g/L
100mL pH7.0
1.2.2
37°C 130r/min 24h 5% VIV
250mL 100mL
30°C ~35°C 150 ~ 180r/min 72h
1.3
HPLC
Agillent Cg  250nm x 4.6mm -
1:4 0.2% 0.5mL/min
230nm 25C 20pL
HPLC
230nm

o hERzkOnE kiR m@28 htip:

1.4
1.4.1 Plackett-Burman

JMP version 4.0.5 SAS Institute
Inc.
1
1 Plackett-Burman
Table 1 Level and code of variables chosen
for Plackett-Burman design
Coded levels
Variable Symbol
-1 1
Glucose / g/L X, 5 10
Saccharose / g/L X, 2 5
Maltose / g/LL X; 2 5
Corn flour / g/LL Xy 2 5
NH,NO;/ g/l Xs 1 5
Yeast extract / g/L X 1 2.5
Beef extract/ g/L X7 1 2.5
Defatted soybean / g/L Xs 1 2.5
Glutamic acid / g/L Xo 3 7
L-phenylalanine/ mg/L X0 2.5 5
KCl/ g/L Xn 0.25 0.5
MgSO,/ g/L X 0.25 0.5
KH, PO,/ g/L X3 0.5 1
CaCl,/ mg/LL Xis 1 5
MnSO,/ mg/L Xis 2 6
CuS0O,,/ mg/L X6 0.08 0.16
FeSO,/ mg/L Xy 0.075 0.15
x = X, - X, /
AX; X X;
Xo
AKX,
1.4.2 RSM

Bacillus sp. fmb)224

Central Composite Rotatable

Design CCRD
Plackett-Burman
sp. fmb]224
NH,NO, CaCl, MnSO,

Bacillus
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2
Table 2 Level and code of variables for CCRD
Symbol Coded level
Variable
Uncoded Coded -2 -1 0 +1  +2
Glucose/ g/L X, A 3 6 9 12 15
NH,;NO;/ g/L X, B 5 7 9
Glutamic acid/ g/L X; C 2 4 6 8 10
CaCl,/ mg/L Xy D 05 25 45 65 8.5
MnSO,/ mg/L Xs E 1 3 5 7 9

In developing the regression equation the six experimental variable
X,-9/3B= X,-5/2C= X;-6/2 D= X;-
45/2 E= X4-512

were A =

2
2.1 Bacillus sp. fmbJ224
JMP Plackett-Burman
3
P =0.0102 NH,NO,
P = 0.0003 P =0.0002 CaCl, P =

0.0005 MnSO, P =0.0486 95%

95%

NH, NO;

CaCl, MnSO, Bacillus sp. fmb]224

3
Table 3 ANOVA for the regression equation of

antimicrobial peptide

Source  Sum of squares DF  Mean square  F value Prob> F
Model ~ 2345238.1 17 137955 15.5388 < 0.0014
Error 53268.6 6 8878
Cor total ~ 2398506.7 23
R=0.980 R?>=0.978 Ry* =0.915
2.2 Bacillus sp. fmbJ224

2.2.1 Bacillus sp. fmbJ224

PB
NH,NO, CaCl, MnSO, Bacillus sp.
fmb]224 5
32 4

4
Table 4 CCRD matrix of the variables and the actual
and predicted values of APC

APC/ pg/mil. APC/ pg/mil.
Trial No Trial No.

Actual Predicted Actual Predicted
1 515.70 532.09 17 523.81 478.28
2 161.02 138.74 18 458.95 390.11
3 1194.67 1174.91 19 540.02 499.56
4 418.42 449.00 20 702.16 628.26
5 357.62 374.51 21 1310.19 1343.02
6 728.51 795.74 22 1188.59 1041.38
7 576.51 646.27 23 560.29 522.53
8 181.29 212.37 24 438.69 362.08
9 315.06 296.65 25 722.43 754.25
10 515.70 547.63 26 965.64 819.45
11 631.23 665.69 27 1452.06 1418.09
12 805.53 801.31 28 1431.80 1418.09
13 266.41 337.53 29 1346.67 1418.09
14 690.00 722.44 30 1421.66 1418.09
15 116.43 151.40 31 1474.36 1418.09
16 73.87 159.17 32 1267.63 1418.09

Design expert 4

Bacillus sp. fmb)224
NH, NO; CaCl, MnSO,

Y =1418.09 — 22.044 + 32.17B - 75.14C - 40.11D
+ 16.30E — 245.97A° - 213.55B - 56.47C’
- 243.95D° - 157.81E> - 105.01AB + 69.54AC
+ 119.45AD - 6.71AE - 164.80BC - 48.01BD
— 68.78BE — 42.18CD + 43.45CE - 49.02DE
Y AB CDE

NH, NO, CaCl, MnSO,
5
P <0.0001 a=0.1 P =
0.1453>0.1
R =0.9892 6%
Ry’ =0.9395
NH, NO,
CaCl, NH, NO, NH, NO,
MnSO4
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Table 5 Variance analysis for the fitted quadratic

polynomial of APC

Source  Sum of squares DF  Mean square ~ F value
Model 5860000 20 293000 25.08
Lack of fit ~ 98421.36 6 16403.56 2.73

Pure error  30080. 12 5 6016.02
Cor total 5987700 31

R=0.9892 R>=0.9785 RA_djz =0.9395

2.2.2  Bacillus sp. fmb]J224
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Fig.1 Response surface plot and its corresponding contour

plot of APC versus glucose and NH, NO,
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3
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7 Ambat P Ayyanna C. Optimizing medium constituents and
fermentation conditions for citric acid production from palmyra
jaggery using response surface methods. World Journal of

Microbiology & Biotechnology 2001 17 331 - 335
42g/L CaClZ 398mg/L MHSO4487mg/L 8 Ratnam BVV Rao M Narasimha Rao M Dmodar Rao et al.

8.13g/L NH,NO,6.14¢/L

1482.31 [Jg/ mL Optimization of fermentation conditions for the production of ethanol
from sago starch using response surface methodology. World Journal
of Microbiology & Biotechnology 2003 19 523 - 526

1487 .58 .g/mL Land
8 Y 9 Lai Ist Pan CC Tzeng BK. The influence of medium design on

1304.21pg/mL

lovastatin production and pellet formation weth a high-producing
RSM mutant of Aspergillus terreus in submerged cultures. Proc Biochem
perg g

2003 38 1314 - 1326
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