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Optimization of culture medium for a high performance amylase-
producing Bacillus koreensis by. response surface methodology

HE Wei", LI Jing-jing" ,BAO Ke-xiang, YAN Yi-hua,JIANG Zhen-kun, LIN Jian, CHEN Shan-yi* LI Yi-fei *

Technology Center, Fujian Tobacco Industry Co. ,Lid. ,Xiamen 361021 ,China

Abstract: In order to reduce the content ofstarch in tobacco leaves and improve the usability of tobacco leaves, A high per-
formance amylase-producing strain was isolated from tobacco leaf samples C3F from Malong which is in Yunnan province,
China. It was identified as Bacillus koreensis by 16s RNA analysis. The culture medium of Bacillus koreensis was optimized by
response surface methodology, remarKable elevated the expression of amylase. First, single parameter experiments show that
the optimal carbon, nitrogén, metal ion, initial pH , temperature and inoculums size were starch, peptone ,Ca’* ,8.0,37 °C |
3% respectively. Then,a three factors-three levels experiment was carried out based on the Box-Behnken central composite
design. The highest amylase activity was 959.39 +22.34 U/mL in the validation experiment under the optimized conditions of
18.74 g/L soluble starch,21.56 g/L peptone,0.52 g/L CaCl,. The amylase activity of Bacillus koreensis was elevated 69.
76% than before ,which was similar to the predicted value of the model. This study was based on Bacillus koreensis from natu-
ral_tobacco leaves , providing a basis for industrial application of improving tobacco quality.
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(IVERD & 1 H MR B AT R Rk 4 e )
TP 2 — o AR BT K B, 1) JE e it
T e 507 E 53 T %) 5 2 4 2 AT B, 4 P e B K
R R IR AT, R P (%) S5 3 DO 5 i b, A R T
TR T, W m % BT T R
A BT X B P A AR A 8 R | A B ROR 1
2R A5 SR - VeI B T ) A LR A A
RGO Y I Y it T A = | 0 NS P S B E 53
ARTEAHFL v i oy FH 3 250 % T 3 2B AN il 7 A
S R0y g AR TEATREFE 2PN R,

ARSI Hi N 2= B E e C3F-2014 R iK1
175 35 H — WK BB 18 12 3598 35 V€ K3 Wl 1Y) Bacillus koreen-
sis o ASFFE LIZ TR AR A WFFE 0T G2, ) e 1o T 325 40
b7 H R BERE SRR AR IR RIR A & Jm T e T
Bacillus koreensis &35 V€ #3 WA 7 1, A A B R AR T
TE AT AL LR P 2 0 BT % Tl Ak Ry R B AL
TR
1 #MR5AZ%
1.1 EFME5ERE
1.1.1  Bacillus koreensis, H =~ g & ¥ C3F-2014 47
M A3 Es el As 2
112 Fhriiaedk (LB B ) .10 o/L JREH
RS /L BERESE IR (10 o/ L G4k, pH=T7.0,
113 PR R MR 5L (A4 B SR IR 5L ) «3
/L AWHE 10 o/ LIRS o/ L S48, pH =7.07
1.2 AFEMEE

TR« AR R A5 AR ) AR e LUk
A AT AR, DNS b 22 a0 ¥ [ T E 25

P2 PR A Al A R B ) RIS
LR FR S | 5 BEREA A H 9 [E Oxoid 4] o

FEAU A : SW-CI2FD BB TAES , IR
IR XFEARA R E ; CLC-B2V-M/CLC 222-TV
RUER B FR46 , MMM Group (&[] ) 5 1-14 BUES.OAHL,
SIGMA ( f#[F ) ; DMG-9423 A HUHE4H | |14 7 ; QS-
2A RG22 L, KM 55 AE AL i BB AT BR A F); Lambda
35 R4 5601 E 3t, PerkinElmer ( 32 ) 5 VX5 I K
TR 5% , Systec (fE[E ) ; Milli-Q Integral 5 A 47K H1,, Mil-
lipore (3E[H ) .
1.3 X®FH*E
1.3.1 EAi
1.3.1.1 ~“FHififl

NHTE A R DR i 1) A TR R T R T AR
FEHE 37 CHEENF 12 h,
1.3.1.27 Fhiggedtss s

MAV-H bk R P Vi F A o - 5 R B R eSS
FR6 h FILFRILEM R R 37 C IR H R 180
rpm,
1.3.1.3  kEEEsa R

5 3% M HEFD I B A VR B T R RS SR O,
K WERTFR 36 h I JE R

1.3.2 ey
1.3.2. 1 AR it 22 i 2

T 1 C TR AN [R] v B 14 A8 A M U S AR &R
KRB S min, ¥ H G INZRIRK E A E) 25 ml, 0
o AR IR . AT WL e A
540 nm AR I E W EEEEE o

R AEESEHKEER

Table 1  Glucose standard curve configuration table
iR %5 Test tube No: 0 1 2 3 4 5 6
2B Glucose solution (mlL) 0 0.2 0.4 0.6 0.8 1.0 1.2
7&K Distilled water (mL) 2 1.8 1.6 1.4 1.2 1.0 0.8
DNS (mL) 1.5 1.5 1.5 1.5 1.5 1.5 1.5
1.3.2.2 MBS AT B E JEOCHEE

B 1 mL REERA 1 mL 1% JE R EBIR & 917
37 CoKB M TR 5 min(TRA Z AT A#E 37 C
i 5 min) , A 1.5 mL DNS X5 J5 296 K18 5
min R 18 H1 5 HZE IR K 2 485 25 mL, 25
R R R RNE By VS IR A BB 7K, TR 1.5 mL
DNS b7k 5 min, B H 5 FHZE 87K 2 455 25 mL,
FHA] WG4 GRE TR 540 nm iz 4 b I 2 B 5 1

1.3.2.3  JEMBEHE R XAk

VERI IS 7 B L (U/mL) : 7E 37 C &A%
T, 1 mL B S PR S VE A A 1 g R R T
FH B R 1 ARG 1 5

TEN R TG JIARSE LA T AR TR

T BEBEE S (U/mL) = AR F G482 5L
x N x1 000/5
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A N-FBEAG H 1 000-34 Ak 1 g 5 -1 I I
[8] 5 min,
1.3.3 $RFEKE

A3 IRRRIR EUR 4 Jm B AR B A
i EFRIREE WG pH AT O0AL, I B R R X
TE A B RS, PR e A AR AT

1.3.4 PB kit

PB it T 2548 8 A 3y A% B X6 i 7 {2t
JEVEAS TG A4 5 WEL, AT B 328 1 52 0 (. 3 A TR
AL A RAT AR, 23R + 1AL
FNRA BRI 2,

&2 PBIIHEFEASMAKE
Table 2 Medium factors and levels of PB Design

IKF Level
A% Factor 1% Code
Low(-1) High( +1)
FEHS Starch (g/1.) X, 10 20
5 H Ik Peptone (g/L.) X, 10 20
EFREH Yeast extract (g/L) X5 10 20
CaCl, (g/L) X, 0.2 0.8
FeSO, + 7TH,0 (/L) X; 0.2 0.8
NaCl (/L) X, 0 5
AP E Inoculum size (v/v) X5 2 4
w1t pH Initial pH Xg 7 9

1.3.5 BBD v & @ikt

Box-Behnken ¥ 113 7 2 ~5 AR AL
5o JEF PB 56 1T A e BE M 3 34 55 1) 4ak 56 45
B R 3 [N Z ) Box-Behnken design (BBD) %]k
ST IR 3R Z 8] 1 5C R IT A5 B A AR Bl Oy . A

PB B0 5 7 21 A0 o 3 oy I 2 i) S 25 Y DR R A
BT R, LA BEME S a3 A5 ik BEAT D s
BB RBAT-1.68 ,-1.,0, +1, +1.68 T4 KF-
(W#£3),

#* 3 BBDi&ItHIEEKFE

Table 3 . Coded and uncoded values of the experimental variable

Code value

K2 Factor
-1.68 -1 0 +1 +1.68
VER Starch (g/L) 5.91 10 16 22 26. 10
A Peptone (/L) 8.55 14 22 30 35.45
CaCl, (g/L) 0.26 0.4 0.6 0.8 0.94
2 BRE5SH e, B 7E R ABTBUY PB B K TE K

VAR DB AR R TR A ) 0 e e R e Xof
Bacillus koreensis 1) & WX 32 3L 347004k, ) 1R & %
FEFR AR T BT AR B (0 BE A i O 565. 13 U/ml,,
2.1 BEFRRKEK
2.1.1 =Rt Bacillus koreensis %3k I #8564 %5 v

i Y5 AL B TR P A 4 R AR A K e
SR 0 A5 ) A 1 I RE R 2 AR M
AR LR BT AR AR e
PEHE 15 g/ L (AR Rl B I A TR I U0 Ak i, 235 R 4n
B 1 BT, DASE R R SRy i 58 B il 356 e v, LUK TR

YERFENR
2.1.2 &Rt Bacillus koreensis %3k I #5564 %5 vh)
RIBTE S RS R IR PAR ™ 1 55 &
R R b A 453G TR T, (R IE AE
SRR RS 25 9 T AR B 2 K R R A R Y
PEHE 20 o/ L (AR A IR HAT A IO 5, 45 R a0
P2 I, TR AR IR A R0 D8 e 6 i, UK
JERERR RS SR AL I, TE T AN By PB it
Vo RN B B AR N BRI R



1428 FR YIRS 5TT & Vol. 31

900-|
800
3 I
£ 7004
oz 2 600
BE
B3 500
R
* o
3 & 400
E t
E' 300 T B
2
200 m
100+— T r T T
1 2 4 5 CK
R BRE
Diﬂl'\el"e’m‘%g’;ﬁo|1
B 1 R E S EE R0

Fig. 1  The effect of different carbon sources on amylase activity
TE: 1 U882, FAGHE, 3. FUME 4. JEME,S. 22280 ,6. XTI (CK) .
Note ;1. Starch,2. Glucose,3. Lactose ,4. Sucrose ,5. Maltose ,

6. Contrast( CK).
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Fig. 2 The effect of different nitrogen
sources on amylase activity
WL A2 BRI, 3. R AR 4. RS FRE - BN
W ,6. - AHE + R H M. Note:1. Peptone,2: Yeast extract,
3. Tryptone 4. Beef extract,5. Beef extract + Peptone,,

6. Beef extract + Tryptone.
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Fig. 3 The effect of different metal fon.on amylase activity
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Fig. 5 The effect of different inoculum size on amylase activity
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Fig. 6 The effect of different initial pH on amylase activity
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Fig. 7 The effect of different temperature on amylase activity
2.2 Plackett-Burman &3t

I BA IR ARG FE0H  FE Bacillus koreensis y= fiff
R X A 8 AR TR A R
R it R R 3 At L GaCl, % 3t FeSO, - 7TH,0 &
i NaCl & & i fIpas pH, #Hn E 3 4> R
AR B R R+ R () 2 AR SR
Design-Expert ZFB T4, 2 12 Al (£ 4)
fdi - Design-Expert 3 xf 3% 4 #4773 #r, 75 5] PB
BT 2R . iR S I, B P (E =
0.009 4, KUIZB AR (P <0.05), ik 8 A
R VER I A 52 R HE R O b Ry & i > S R
> CaCl, & > NaCl & & > f&fit > H14h pH
> [ERE R & i > FeSO, - TH,O0 5 &, H¥EH & &2 |
E AR CaCl, S8 BEMNE,

R4 PBIITRBWER
Table 4  The result of PB design

A5 HJKF- Variable level B
Run Enzyme activity

X, X, X, X, Xs X, X, Xy Xo X0 X, (U/mL)

1 1 -1 1 1 1 1 1 1 1 1 1 557.23
2 1 1 1 1 1 1 1 1 1 1 1 817.68
3 1 -1 1 1 1 1 1 1 -1 1 1 798.34
4 1 1 1 1 1 -1 1 1 1 1 1 766. 11
5 1 1 1 1 1 1 1 1 -1 1 1 845.25
6 1 -1 1 1 1 -1 1 1 1 1 1 718.35
7 1 -1 1 1 1 1 1 1 1 1 1 645.76
8 1 1 1 1 1 -1 1 1 -1 1 1 687.56
9 1 1 1 1 1 1 1 1 -1 1 1 733. 66
10 1 1 1 1 1 -1 1 -1 1 1 -1 912.39
11 1 -1 -1 -1 1 -1 1 1 -1 1 1 765.79
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 532.5

TE X R X (R AR 1 X BRI R 15 X BB ALR R 25 X WERRAD 2 s X BT 3R 35X, : CaCly &5 X : FeSO, - TH,0 45

Xo :NaCl F5 45 X - RN X - W0 87 pH

Note: X, :starch; X, : peptone;; X; : the virtual factors 1;X, :the virtual factors 2 ; X :yeast extract; X : the virtual factors 3 ;X : CaCl, ; X; : FeSO, - 7H,0;

Xy : NaCl content ; X : inoculum size ; X, :initial pH.
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x5 PBRItEEHBMES
Table 5  Effect analysis of each factor of PB design

% R 1 g2 Ve P-value B )

Factor Coefficient df Prob > F Significance  Order of importance
47 Model - 8 28. 64 0.0094 Significant -
A-JEH) Starch 77.92 1 121.33 0.0016 1
B-ZE |1}l Peptone 62.06 1 76.96 0.0031 . 2
E-fi#} Yeast extract 0.65 1 8.531E-003 0.9322 7
G-CaCl, 38.62 1 29.81 0.0121 3
H-FeSO4 - TH20 0.40 1 3. 198E-003 0.9585 8
J-NaCl 4.53 1 0.41 0.5671 4
K-H:Rf it Tnoculum size 3.95 1 0.31 0.6160 5
L)% pH Initial pH 3.59 1 0.26 0.6472 6

IE: " RRZEFLFE(P<0.05), " " FRERBLEE (P <0.01), T,

Note: “ means significant difference at P <0.05, * * means extremely significant difference at P <0.01,the same as below.
i [ i& Plackett-Burman 5575 2 09 B9 5 2 HaG (028 A 98022 O 1n) S ICYE 77 ), AR 9 4% R &R
: BONAB AT /N e AR A DA R PR L 28 T b 2 T e
VEMI T =261.03 +15.584 +12.41B-0. 13E +  AH{HXE ™, BRECHGRHZE R LE 6, hE6 [
128.74G +1.33H +1.81J +3.95K-3. 59L WL EER SR 16 o/ L B E SR N 22 o/L, CaCl,
Hrb A iEm &, B MEAMRSE,E IR & EHN 0.6 o/L B, SCIRAH A 4 10w W AE (TE ) i
Wi, G oA CaCly, &, H hy FeSO, - TH,0 S, I - JF )ak 25 i , 05 T8 8 B 6 1 4R FRAIG, 33X 150 BH 3 24
i NaCl & i K MR i, L A0 4G pHo ARG . BOMIGSRE ik AR DL & @ 25+ 10 & & A Bl
AR SEME R R =98. 71% , &AL Z ATy BRAR A T AR P B, (0 22 AU i 52 i i AN AR

H

ML Ffi B T Plackett-Burman (304554 PSS TR IR o S, LS 4 156
2.3 REEMRHEIRIE 2H A T ARl R 2 KR R J5 22 Box-Behnken 85615

R BE YL v] LIR s 2 202 N 00, L TR PRl
®6 mBERFRBIEITRER

Table 6 Design and results of path of steepest ascent experiment

o S P oyl iy
> (/1) (/L) (g/L) (U/mL)
1 10 16 0.3 735.67
2 12 18 0.4 798.29
3 14 20 0.5 844.36
4 16 22 0.6 922.35
5 18 24 0.7 882.12
6 20 26 0.8 818.32
2.4 Box-Behnken b8 &% 3 PREE 3 KOV H U T 43 BT IR, B 5 B 4

M 7 T ¥ P00 ey B R R e LR T ST LATE R BEE S B bR pR AR R 1A Uy
AN SRR S EZ B AR RO R, B IFRISRIR [y BT Oy 28400 S B
HRS RS, RN RS OF S LRI R AN BAE T . K, 45 2R W3R 6, fdi i) Design-Expert #4447 43
AR S BEME 6 07 2 1 A3l ool 50, R Y Box- T, 488 —A4> 3 0 2 e
Behnken 15615 11, #] A Design Expert 10 {4147 Y =-1509.26 +96.41A +83.43B +2 577.94C-
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0.384B-28.58AC-3. 68 BC-1.96A%-1.73B*-1 885.86C" JERS T, BRI ANOVA 255036 8, Hirp 78 (1
HEPL A ERHE,BAEAKRSE,CH P > FE=0.000 3, 2B AR —A> W 29 155
CaCl, &g, FREPIESRRFEZN, MMASER  AREARL, I ANOVA & 7] LU ) TE ¥ Fil CaCl,
TRAEPURON M L T BRI R =0.916 3, KA FAERRIP RPN BE R E,
RIREARRE 91. 63% JE M il = /= 19 22 4k, [m] 5 4045 F2
%7 BBD MEEIZITRER
Table 7 Experiment and results of BBD design

oy ST
" (1) (/L) (g/L) (U/mL)
1 16 22 0.6 958. 85
2 10 30 0.4 614.24
3 16 22 0.263 641 856.33
4 16 22 0.6 925. 66
5 16 22 0.936359 684.79
6 16 22 0.6 964. 18
7 16 35.454 3 0.6 625.57
8 16 22 0.6 958.15
9 22 14 0.4 787.28
10 5.909 24 22 0.6 742.06
11 10 30 0.8 624.44
12 16 22 0.6 946.72
13 26.090 8 22 0.6 827.03
14 22 14 0.8 683. 85
15 22 30 0.8 619. 65
16 10 14 0.8 548.45
17 16 22 0.6 896. 28
18 22 30 0.4 814.13
19 16 8.545 66 0.6 717.51
20 10 14 0.4 582.2
®8 MEE_XFGTEERER ANOVA F
Table 8 ANOVA of response surface quadratic model
P FJ5 ar Y375 FAH PAH e
Source Sum of squares Mean square F value P value Significance
Model 3.524E +005 9 39 154.22 12.16 0.000 3 Significant
A-JE# &4 Starch content 33 707.45 1 33 707.45 10. 47 0.008 9 e
B-%E Fifl & & Peptone content 515.98 1 515.98 0.16 0.697 4
C-CaCl, ¥ CaCl, content 27 242.35 1 27 242.35 8.46 0.0156 *
AB 2 641.92 1 2 641.92 0.82 0.386 4
AC 9 409.18 1 9 409.18 2.92 0.118 2
BC 277.30 1 277.30 0.086 0.775 2
A? 71 607.32 1 71 607.32 22.24 0.000 8 e
B? 1.758E +005 1 1.758E +005 54.59 < 0.000 1 o
c? 82 005.28 1 82 005.28 25.47 0.000 5 e
Lack of Fit 28 785.18 5 5757.04 8.43 0.017 7 Significant

Pure Error 3415.51 5 683.10
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Fig/8 . Response surface plot and contour line of effects of interaction between starch, peptone

and calcium chloride content on amylase activity
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T EIFN 3D 5], 25 3% 5% B i A 00 55 5 0T 107 1Y) o) 17
R Wit 2 3% 57 5 B0 1) 5 i I R 1 S T R B
e ARYE LR 23 #r RN KA 9 B0, Bacillus koreensis
B ARIE AR B e & i 18,74 o/ L, S H R
H#21.56 g/L,CaCl, &8 0.52 o/L, T () fi i Bl %
k964,31 U/mL, Ay 56 A% 760 700 (14 o] 544, FH 7
W e L IR L 55 T AT 3 OFATIR S, 15 Hh il
TG 5L PRSP Y (E R 959. 39 +22. 34, Sy i 1 H4 A
JrAg B I FEBUME AT & B 47, Ud BZ A n] DIAR 4

MR Bacillus koreensis 1) 7= AT %.
3 &g

A= Wk WA D A DR R S IR RN L 5 T A (K
ORI ., 755 BRI B — @ 3, v E R
I3 U SR 2 FUBETE IR 300 J5OWE 55, /D 0 e Jit
AR RN 2 <, R I A O, £ v HLAE AR A
b A o AR Yy W BT A B R A
T i R R A T 2 L1100 il , 7 TR A9 T R A i
TEMS ZEFURT IR R R AAT B R A ) sy
R TR R Z AN AR 3R T8 73 25 A5 31 ASBIF9E A
S[E 27 Hb R HR 07 A5 B 1Y Bacillus koreensis
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il R4 AR IR VE A I Bacillus koreensis ) H% 3% 30 17 1 £t Ak

1433

T TR, 5 0 MR A RE A B 25 X AT
PEVEN  ELEEVE R | SCHEVE Ry AR A B 1Y B A% fiE
REAA 8 IR A ) A 27 B sl 20 SRR 1 T A
ARz 0 A5

AHFEIE o ) 2R PB T | R BEE i
% F1 BBD M b T 138 31X Bacillus koreensis [ 3% 55 3
AT T RS 4L. BBD 1 By % i85 2 G 5 1
S T E A E A e A TR 1 R > K
SEALE R AR AR W 2 B P AR S 2 B T
ORI PB T IE H RE e B Y R 2 R 3R
NVER R AN CaCl, , 138 5 fi BETC I 55
268 T ) 1 1T A RO L, B ek BBD i A [T 1145
R LS TR IERL o B UE IR AT I Y S R
YE R 959.39 +22.34 U/mL, R 2ZWItAEGE RS T
69.67% , K BE 4 = 1 VE K3 e 1% A R A Ak B3R
Syttt — 25 A I 00 0 Tl A AR TR R I
filho WCTF —0 W5 ¥ FE A 58 B B Al L, B 5Y Ba-
cillus koreensts 11 /2 FEE 55 14F (¥ 40 e L . pH I 15
S5 ) FINZVE Ry B 0 g 1 0T A 5, O Al o A
deah il B U8 A T ki — RS . A ST
RO TR AR R JECE PR ECA TR R Sk A
P Al AR R R AT PR RN R A B AR
FR T M B8 T R AP
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