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Optimization of L-lysine medium by response surface methodology
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HHE . i@ 1t Plackett-Burman % 2 3% #F . 5% € 3k X 25 v B vl
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1., #) B Plackett-Burman X 3% i & # & % vo) L- M R B2 1%
Ry EW A, %4 % A% NaCl,MgSO, + 7TH, O, & & ¥t
L-#AmAFEHHma ik, AR RRIREKXEHA TR K@
J R B A% A m B A R v B @ 4 AT % P 69 Box-Behnken %
LA 3 AR R 8 F AR A4 NaCl 2. 72%, MgSO, + TH, O
0.0500. 2 k4 21.13 g/L, EZFMH T L-BARGZLF
£ 4104, 75 g/L, E R R A 104, 60 g/L, e 4k 4L a7 &
87.93 g/L#t % 18.96 % .

KR 2 R ¥ L-# & B ; Plackett-Burman % # ; &2 & e 3%
X

Abstract: Plackett-Burman design, steepest ascent design and re-
sponse surface methodology were used to optimize fermentation medi-
umof L-lysine. Plackett-Burman designmethod was applied to evalu-
ate the main significant factors, and the result had shown that sodi-
um chloride,magnesium sulfate and corn steep liquor were the major
factors. Then, the Box-Behnken design and response surface meth-
odology we used to confirm the optimum parameters with NaCl
2.72%, MgSO; « 7H, O 0. 05%, and corn steep liquor (CSL)
21.13 g/L, which were proceeded based on thegreatest response area
of NaCl, MgSO; « 7H; O and corn steep liquor. Under the optimal
conditions, the theoretical yield was gotten of L-lysine of 104. 75 g/L,

but the experimental yield was 104. 60 g/L that was increased
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18.96 % level than before optimization.

Keywords: corn steep liquor; L-lysine; Plackett-Burman design;

steepest ascent design
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Plackett-Burman & i FEWR B R . I BE G vk 78 95 T 3 <
A AR AR S R I, i 3 AR I i i T A
PIEE R B M L AR . AR 5 4038 Al Design Experts 7. 0
AT A B Plackett-Burma (PB) J7 3 Fl i L7 18 3 b T
L0 520 R K T 5 3% 5 A 40 14 P A R R T 125 DG 4 5 B
P, LU — 20 5w L R ™ o o I AR ol A 7 S 1R 1
JA
1 eSSk
1.1 ##
11,1 pEHp

L1 2 19 M A 1 Ak (F6 5 ATCC14067) ¢ H 75 Aok 2 4=
ARk A Be il
1.2 A3

KH, PO, . MgSO, + 7H, O, J} & B . CaCO, . NH, CI,
NaCl.: s #r4fi b fb T,
1.1.3 IR

404y J6 6 3 UVMINI-1240 7Y, H A 5 i bk X
24t

H IR K, SPX-150-Z Y, [/ | i BR ok BT 2 i .
1.1.4 K53k

Bl 35 SR 3 WA B 20 g/L, EKH 20 g/L, KH, PO,
0.01%, MgSO, « 7TH,0 0.01% ,CaCO, 4%, pH 7.0~7. 2,
0.75 kg/em®* K 20 min,

K IR A B 40 g/L, E KK 40 g/L, KH, PO,
0.02%,NH, Cl 6%, NaCl 1. 8%, 7 & B8 0. 06% , CaCO;,

6% ,MgSO, « 7TH,0 0.02%,pH 7.0~7.2,0. 75 kg/cm® K
B 20 min,
1.2 EFRFE

W RIE GG I — B A B 40 mL Fp 75557
FH 250 mL = F. T 30 CH LA 200 r/min R
24 h, B S mL ¥i 3% 5 IR AN B S A 100 mL B R ik
By 250 mL = fA#iF . T 30 CLL 200 r/min 5% 3% 55 3% 48 h.
PR BEWCT 8 000 r/min T B0 10 min, Bt b 35 ¥ I & o
L5 R & i o A AR R) R W B 9% 2 AT IR 3 R &
SF-HIH .
L3 L-BaEBaglE

SR FH B A b AT I A LA R VR RE L VR BE R
500 pg/L A L9 2 B2 b E ¥ W . 43 B X 0. 1,0. 2,0, 3,0. 4,
0.5 mL FTHMAEILAED.MAKE 1.0 mL, FIIA
1.0 mLefi =Wl , 45 51 J5 2 B4 28, Wl K ¥ 5 min FR A
FEREBETMA 50% LB 8.0 mL,F 530 nm 4l & OD
B . LA L-M %4 iR 2 4 O B A A, OD {8y 9A A6 A Al v ith
g, BB L ERIIF AN Y =1. 862+ 0. 018 (R? =
0.999 0, DIAE S AR 7 BRI AR L am
T,
1.4 REeEit
1.4.1 Plackett-Burman % i A3 56 3 B 8 Fh 1 3% JL i
4y N=8 1 Plackett-Burman %11, # gL, & E
AN RVR 19 8 KOF 20 R ARKOF 19 2 A% X058 12 1k, R B {8 A
L R & & . PBIRITRZRKFERE L.

& 1 Plackett-Burman 2 EZkFER

Table 1

Factors and levels of Plackett-Burman design

K AR/ (g L7 BNHC/% CEXRE/(g+ L) DKHPO,/% ENaCl/% FIHRER/ %

G CaCOs/% H MgSO, * TH,O/ %

—1 20 3 25 0.01
+1 40 6 40 0.02

1.0 0.03 4 0.01
1.8 0. 06 6 0.02

1.4.2 BBENCHRTE  MR3E PB ¥R 45 58, th & 2500
B0 RN 2 A AU 24 o TR RO B 7K 57, B350 BRAIK 7K
o HE R R R S R 5 TR BRI KT A R R T
b L R I AR A e g v 2 1 KT (L RP Sy i o TRT
SR LL AL
14,3 W NI M7 AR PB BRI 3 A B
B 2 A S iR 06 R 2R AR A di BE T I ik 56 7 308 8 1) ¥k BB A Ol o
oL 5 R A R 1 R ) Box-Behnken #3171k .
Ld.4 B H  RH Design Expert 7.0 &40 B4 2 47
1= 4 #r A AL G .
2 RS0
2.1 Plackett-Burman it & R 545 #

% HI Design Expert 7. 0 5{F %) 3K 2 #4750 07 . 15 3 %
M) AT £ i [0 0 3 2 B BL W 2 M55 LR 3. TE S MR
i, C.E.H [ % B NaCl, MgSO, « 7H, O, FE R I % L4
TR I 15 28 5 i i 3 (P<<0. 05), i #F NaCl, MgSO, « 7H, O,

TR R EE N E, H NaCl,MgSO, « 7TH, O 4 iE
RN E KK R RN . BOAE T — 2% P, BLZ AR NaCl,
MgSO, « TH2 O 5 K - 2L At b 38 i L 55 4 78 K 0 %
P e i T R K = QG e o 7 N < S B T o VAP
F 50N R 5 BB KR —1 K,
2.2 mRERERWERESH

M4 PB i B6 45 5 I 2 NaCl,MgSO, « 7TH, O, F k¥
BN B R/ R e BE T B 3 AR Ak iyl M K. i ER 4
A5 AURE LA 4 4100 Ll 2 R e B s AR RS 4
H Y KR T — 2 i R TE B A G A B NaCl 2. 6%,
MgSO, « 7TH, 0 0.05% . F K3 19.5%.,
2.3 MEEETERSHH

Box-Behnken $&3 H & KK BUE L3 5,

it 3 Design Expert 7. 0 # {54 % 6 Fd 47 40 31, 45 3

[ 05 7 #E -
R=103. 94 + 3. 57A + 2. 28B+ 1. 06C + 2. 60AB —
0.82AC—0.66BC—10.31A*—4.96B*>—1.13C* (D
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Table 2 The Plackett-Burman design and results

E a2 A B C D E F G H?ﬁ@;&ﬁ?ﬁi

(g+L7H
1 1 —1 1 1 —1 1 1 1 69.91
2 -1 —1 —1 1 —1 1 1 —1 74.54
3 1 1 -1 -1 -1 1 —1 1 71.95
4 —1 1 —1 1 1 —1 1 1 87.93
5 1 -1 —1 —1 1 —1 1 1 85.50
6 1 1 —1 1 1 1 -1 —1 76.37
7 -1 —1 1 —1 1 1 —1 1 83.56
8 -1 -1 -1 -1 -1 —1 —1 —1 76.72
9 1 1 1 -1 -1 —1 1 —1 66. 39
10 1 —1 1 1 1 -1 —1 —1 77.75
11 —1 1 1 1 -1 -1 —1 1 78.18
12 —1 1 1 —1 1 1 1 —1 67.65

% 3 PlackettBuman i it EEZMREERARZRBEERZH

UL RS AT A (R DA A E R =
0.973 7, Ul W] % 12 56 £ B A5 2 1 31X 30 (6 5 390 DU {E =2 9] A5 AR
L4 BE 5 P<T0. 01 Ud B2 M8 B AR HE B 355 G L st oy 2. 22
Vi B 05 A X T 2l iR 25 A 1 35 s (R MR Lol 12, 603>>4 R B
AT RS A5 M L s i LAY F A Dy 20. 56, K BLTAS
W, g BRI NG S R Y 22 RARN AT T
B3R5,

TERRER P A BIABA” B ¥ 2 % ,C.AC.BC.C* R ¢
(A A% PR 2R R 38 O (B AT DA e i 45 B R R 56 4 s Y
GRS (O R (R NS B DO R e L iAo NN
1 34 77 (6 AT DL L 5 o ot 2 TR A R R 3R 1 R RUT Sy s A
B>C, Bl NaCI>>MgSO, « 7TH,O>F k¥ .

#& 6 DBox-Behnken &+ R4E&E R
Table 6 The Box-Behnken design and results

s A B C WAMm TR/ (g LD
1 1 0 —1 96. 72
2 0 1 —1 98.18
3 0 1 1 99. 83
4 0 —1 —1 94. 54
5 0 0 0 103. 56
6 1 -1 0 85.75
7 —1 1 0 86. 39
8 0 0 0 105. 50
9 1 1 0 97.75
10 -1 0 -1 86. 99
11 —1 0 1 89.91
12 1 0 1 96. 37
13 o —1 1 98. 82
14 —1 —1 0 84,77
15 0 0 0 102. 75

®7 EAKBKFTESH

Table 7 Variance analysis of regression model

Table 3 Partial regression coefficients and significance of
factors in Plackett-Burman design
SN fEIHE bR 22 F1H Pr>F %
A —1.725 8 0.758 3 5.18 0.107 3 7
B —1.625 8 0.758 3 4. 60 0.121 4 8
C —2.464 2 0.758 3 10. 56 0.047 5 3
D 1.075 8 0.758 3 2.01 0.2510 5
E 3.422°5 0.758 3 20. 37 0.020 3 1
F —2.374 2 0.758 3 9. 80 0.052 0 4
G —1.050 8 0.758 3 1.92 0.259 9 6
H 3.134 2 0.758 3 17.08 0.025 7 2
F4 EREREREIZITRER
Table 4  Steepest ascent design and results
KB NaCU/Y% MgSO, - TH,O/y R R
(g« L7H (g« L7 D
1 1.4 0.02 25.0 96. 34
2 1.8 0.03 22.5 97. 60
3 2.2 0. 04 22.0 104. 94
4 2.6 0.05 19.5 105.62
5 3.0 0. 06 17.0 100. 15
#& 5 Box-Behnken i&itE&EKTER
Table 5 Factors and levels of Box-Behnken design

KFE ANaCl/ %

B MgSO, « 7TH,0/ %

CEAIE /(g L

1
)

—1
0
+1

2.
2.

3.

0
6
2

0. 04
0.05

0.06

14.5
19.5

24.5

KW FHM AHBE ¥5or F 1§ Pr>F &M
15578 640. 80 9 71. 20 20.56  0.0020 % x
A 101. 75 1 101.75 29.38  0.0029 % x
B 41.72 1 41.72 12.05  0.0178 =
C 9.03 1 9.03 2.61 0.1673 —
AB 26. 94 1 26. 94 7.78 0.0385  x
AC 2.67 1 2.67 0.77 0.4198 —
BC 1.73 1 1.73 0.50 0.5114 —
A? 392, 35 1 392.35  113.29  0.0001 = %
B2 90. 96 1 90. 96 26.26  0.0037 % x
C? 1. 72 1 1. 72 1.36  0.2956

ComE 132 5 546
BT 13,32 3 4,44 2.22  0.3252
ali iR 2 3.99 2 2. 00

B2 658.11 14
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HAEREBEE. BERKENSE— 2N, A FED NaCl
I MgSO, = 7TH, O & 4t py 3% i . L4851 2 B2 1 15 28 55 7 Wi 1
J5 BT AR, 7 NaCl F1 MgSO, « 7TH, O 4+ 5% 2. 66%,
0. 04 Y0 B 35 31 e KAA  BE BT L &M 15 % o 101. 32 /L, X4
MgSO, « TH, O & & — & i}, £k 5 NaCl 138 B It
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The yield of L-lysin
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%3 Design Experts 7. 0 {4 (¥ Wi B 187 £ 46 3% 11, 53 B
oAk 14 2 Y & 4 4 9 NaCl 2. 72%, MgSO, « 7H, O
0.05%,FE K 21. 13 g/L. 7R L4 F , L-# 2 R 1 HH ¢ 15
K 104,75 g/L, i MR SRAR RS JEAT 3 YR BRAIE . 45 SR 4%
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Response surface plot and contour plot of effect of sodium chloride and magnesium sulfate on L-lysine yield
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Figure 2 Response surface plot and contour plot of effect of sodium chloride and corn starch on L-lysine yield
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Figure 3 Response surface plot and contour plot of effect of magnesium sulfate and corn starch on L-lysine yield
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