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Abstract:In order to further increase the production of L - tryptophan fermented by Escherichia coli, response surface

methodology design were used to optimize the composition of original fermentation medium.Based on the conditions, the feeding

mode of ammonium acetate—corn syrup was established.The results showed that the combination of optimized medium were as

follows:0.12% ammonium sulfate,0.7% potassium dihydrogen phosphate,0.15% citric acid monohydrate ,0.28% magnesium

sulfate heptahydrate ,0.05% yeast powder 0810,0.39% ammonium acetate,0.3% corn syrup.The validation culture in 5 L tank

showed that corn syrup and ammonium acetate were the main factors affecting the production of L — tryptophan. After

optimization , the yield of L — tryptophan increased by 35.4% , reaching 24.53 g/L at the end of fermentation. The yield of

L—tryptophan in per unit cell increased by 19.8% ,reaching 0.272 g/OD.The conversion rate of glucose was increased by 27%.

And it would provide some reference for L—tryptophan fermentation.
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2.4% TR A 81 ,0.96% Bk — A4, 1.52% L) 4R
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1221 pFWELL ETCEESAFE T B H PR R E N
PR % DU 3R 38 (40 mg/L) Pr iy LB [# 44 5% 357 3&,
37 C,H3216 h,

1.22.2  FpFigse FHER IR G B — 20T 6 1Y B 9%
#2500 mL [B)I8 = MAIE D, W 100 mL, PURRER
TAEHEE S 40 mg/L,8 JZZ0AF &F 11, B 3K ] 7 IR
1,220 v/min,35 CHRHHFE 12 h,

1.223 #FEIAAE: 500 mL 8] )¢ = M R R =
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FFEEYedr pH e, M 8% (V/V),8 2
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Table 2 Factors and levels based on central—composite design
K
S
-1.682 -1 0 1 1.682
X, EER:H 0810(g/L) 0.16 0.50 1.00 1.50 1.84
X, Z W%k (g/L) 0.68 1.50 2.70 3.90 472
X; EKHK (/L) 1.64 3.00 5.00 7.00 8.36
%1 Plackett-Burman B398 7 Fk - 2 HRE5SMH

Table 1

Factors and levels designed in Plackett— Burman

e 1 -1

A iRk (g/L) 24 12

B 2%k (g/L) 2.7 15

C EAKHK(g/L) 5.0 2.0

D i RE#5 0810(g/L) 24 0.8
E —/KF R (g/1) 4.0 L5
F LKERIREE (¢/L) 4.0 1.5
G wiiR — &4 (g/L) 13.0 7.0
H #5752 (mL/L) 14.0 6.0
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Fig.1 Effects of different carbon sources

on L-tryptophan fermentation
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Fig.2 Effects of different inorganic nitrogen sources
on L-tryptophan fermentation
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Fig.3 Effects of different organic nitrogen sources

on L-tryptophan fermentation
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DU BRAA L— (0 2 R )™ d Fl L— (A 2 R ™ oy
PR R bR, 12 HAERE N R OKF G4 R WK 3. LU
AR L- )™ i (3R 4) A L- & R i (R
5) N AR B9 T7 22 53 B 45 R R, LR B AN IR R Y
XA B AR L— (0 24 R A2 W & R TR B S 3 (P <
0.01) , Xy F L— 8 24 iR 7= HE Y f2 i, 3R S AR IR
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Table 3 Design and results of Plackett—Burman experiments

- YRR L- R R L- R

sy A B C D E F G H I ] K L S (ma/OD) (/L)
1 -1 1 1 -1 1 1 1 -1 -1 -1 1 -1 256.48 +3.42 1369.62 = 50.70
2 1 1 -1 -1 -1 1 -1 1 1 -1 1 1 276.61 +13.47 1290.38 +96.06
3 -1 -1 1 -1 1 1 -1 1 1 1 -1 -1 225.17 £20.93 1262.08 +93.39
4 1 -1 -1 -1 1 -1 1 1 -1 1 1 1 228.84 +14.19 1192.26 +26.28
5 1 1 1 -1 -1 -1 1 -1 1 1 -1 1 250.42 £4.62 1334.72 +60.04
6 1 -1 1 1 -1 1 1 1 -1 -1 -1 1 147.72 £6.26 1116.79 = 64.04
7 1 1 -1 1 1 1 -1 -1 -1 1 -1 1 175.28 +3.07 1236.60 +9.34
8 -1 1 1 1 -1 -1 -1 1 -1 1 1 -1 193.55 £7.60 1342.26 +78.72
9 1 -1 1 1 1 -1 -1 -1 1 -1 1 1 144.63 =8.63 1029.06 = 17.34
10 -1 -1 -1 1 -1 1 1 -1 1 1 1 -1 148.87 = 1.46 1030.94 +12.01
11 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 217.90 +8.78 1096.04 = 13.34
12 -1 1 -1 1 1 -1 1 1 1 =1 -1 -1 173.16 £4.79 1128.11 +77.71
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Table 4 Results of Plackett—Burman design ANOVA analysis of the production of L—tryptophan in per unit cell

72531 EYEEY 5 A B 7 F{g P BN
el 22752.92 8 2844.11 28.82 0.0093 %
A 0.70 5.84 1 5.84 0.06 0.8235
B 17.70 3758.42 1 3758.42 38.09 0.0086 ok
C -0.22 0.60 1 0.60 6.11 x10°° 0.9426
D -39.35 18581.86 1 18581.86 188.30 0.0008 %
E -2.63 82.74 1 82.74 0.84 0.4274
F 1.80 38.99 1 38.99 0.40 0.5742
G -2.30 63.71 1 63.71 0.65 0.4805
H 429 220.76 1 220.76 2.24 0.2316
Hks 296.05 3 98.68
S 1E LN 23048.97 11

TE: o FORBFE (P <0.05) 5 #x FREBE (P <0.01) ;K5 KT [H,

#£5 L-& Ry Plackett—-Burman ¥ 1177 225347
Table 5 Results of Plackett—Burman design ANOVA analysis of the production of L—tryptophan

725707 EVEEY 3 5 B ¥1r FA{H P1{H BEEM
Y 143 x 10° 8 17860.45 2.92 0.2042
A ~2.44 71.27 1 71.27 0.01 0.9208
B 81.21 79142.12 1 79142.12 12.95 0.0368 %
C 40.02 19215.10 1 19215.10 3.15 0.1743
D -55.11 36445.43 1 36445.43 5.97 0.0923
E 0.55 3.63 1 3.63 595 x107* 0.9821
F 15.33 2820.18 1 2820.18 0.46 0.5456
G -7.00 587.47 1 587.47 0.10 0.7768
H 19.58 4598.39 1 4598.39 0.75 0.4495
R 18328.81 3 6109.60
gk IE B 1.61 x 10° 11
WL AE G RRE Lol R A X PB oA 2¢ 6  Central-Composite Design {4515 11 M 45
MR T F , B S BRE A, BERE Ay 0810 2 52 i B K Table 6 Design and results of
B — AR, O BOoK3R, Hoh A R R R sl e h central—composite design experiments
ANTFATHURIERS L= MR & M W AT, RIS g n ™ x X, X, I-@EM(mg/L)
L~ (S 2 Tl AT — I 16 980 A, ik A o : T 1412 23807
WP 2R & BERE Y 0810 | K HE HE4T )5 48 CCD % 2 1.682 0 0 1209.62 +4.08
FL, ASSLIG B R RAALIAE] T 1369 mg/L, B 3 0 0 0 1170.19 +32.64
PANT AR L- R iR 5= 5k 8 T 276 mg/OD, n] ULix 4 1 1 1 1294.23 +£28.56
B2l 531 38 B S EOA T2 L- (0% 5 R ™ R 2 5 1 -1 1 1087.50 +8.16
EXREEN, 6 0 1.682 0 1392.31 +69.35
23 MMEEZKERS55H 7 0 0 0 1226.92 +85.67
L FFI R T 16100537 5k 245 SR 0 4T 00 Ak, 3 ik 47 8 0 0 0 1251928023
T 20 ZHiRE , DAL SR WL 6, ) S B HEAT 0 0 0 1682 1295.19 16,32
S5t Y I U LA, A 1 0 R R = 124721 — 10 0 -1.682 0 1086.54 +42.15
36.01X, +90.04X, —15.48X, + 19.71X,X, + 14.42X, X, 1 ! ! -1 1350.00 £42.15
—-8.89X, X, +4.66X} —4.35X} + 6.87X2, &% RN ZEJF 2= 4y 12 ! -1 -1 112019 +81.59
Bras R g 7 R O R e % P = 0 0 ° O
2;%18 <f)‘05) "Rwﬁﬁﬁﬁ??ﬁ&ﬁiéuﬁg% 15 -1 -1 1 1180.77 +69.35
(P =0.5792 >0.05) A & 3%, Ut W] X BRI BEAR 4 16 0 0 ~1.682  1247.12 £35.36
i&%“”ﬁ@fﬁﬁ??ﬁj‘*ﬁﬂﬁuﬂﬂ o y&ﬁg%ﬁ R2 =0.8752 5 17 -1 1 1 1296.15 +39.43
ULIV] 87.52% (a0 & ik 22 AL AT iy WE SRR il e L B 18 -1.682 0 0 1320.19 +108.79
T 25 PR 2 S ) AR 22 (Bl ) e R, BEIE e 19 0 0 0 1295.19 +40.79
B R, =0.7628 , F BN WAL (1) AE (L AT 76.28 % K 20 0 0 0 1293.27 +19.04

F Tk A AR AEfk . CV (R (AR5 RE0) S LS5
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Table 7 Results of Central- Composite Design ANOVA analysis
VLN FJ7 FI H1 ¥or FAE Pia BFE
s 1.38 x10° 9 15381.54 7.79 0.0018 *
X, 17705.76 1 17705.76 8.97 0.0135 *
X, 1.11 x 10° 1 1.11 x 10° 56.07 <0.0001 ok
X, 3273.96 1 3273.96 1.66 0.2268
X, X, 3108.36 1 3108.36 1.57 0.2381
X, X, 1664.20 1 1664.20 0.84 0.3802
X, X, 632.86 1 632.86 0.32 0.5838
X; 312.87 1 312.87 0.16 0.6989
X3 272.62 1 272.62 0.14 0.7180
X2 679.99 1 679.99 0.34 0.5703
%22 19744.04 10 1974.40
L2000 8946.30 1789.26 0.83 0.5792
aliiR 2 10797.74 2159.55
BB 1.58 x 10° 19
# 8 UALHTE R IR IR A W S EL
Table 8 Fermentation parameters of original and optimized medium in shake flasks
o 5ol o, G TR L AR
(¢/L) (mg/L) (mg/0OD)
EGRE S 6.47 0.03 6.63 746.23 11255
R AT 7.26 0.04 5.34 1451.30 271.61
RO AIF R IR (AR SR A RSO T
Table 9  Comparison of parameters for different culture time of seeds
i (h) 0Dy el (g/L) pH LR (/L)
10 0.25 £0.02 21.40 +0.28 6.70 +0.001 0.75 +0.04
12 3.37 £0.47 20.00 +0.41 6.44 +0.22 1.20 £0.13
14 6.75 +0.01 15.50 £0.42 5.79 £0.05 3.66 £0.15
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Fig4 Effects of seed age on fermentation
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Fig.5 Comparison of fermentation parameters between
initial medium and optimized medium in 5 L tank
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Table 10 Fermentation parameters of initial medium and optimized medium in 5 L tank

e AR FEbER BRI ‘25% K L-faEiR  L-fBEme  RARER L- 6%
(h) (g) (%) HFER(g) R (yL) e (g) 77 (m/0D)
JEbE R 48 541.97 11.26 213 18.10 61.02 227
R 65 483.60 13.48 170 21.23 65.20 292
Fin 2. 60 431.54 12.47 153 21.18 53.82 282
WINCEREEAI E A 48 619.97 14.25 211 24.53 88.37 272

AP SRR T SORT DA e — A e Ak A& P AR 42
T+ T K BERLRE
3 Zig

ARSI FIH— RN Ge i 2E L 0 B kel T
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B, R ATE 5 L R RRE L IEAT IR UE, 41 X 76 7
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