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Fig.1 Metabolic network map for tryptophan synthesis

1 AcCoA Acetyl coenzyme A 2 o-KG o-ketoglutarate 3 oKIV o-ketoisovale-rate 4 Ala Alanine 5 Asp Aspar-
tate 6 Cho Chorismate 7 Cys Cysteine 8 FAP Erythrose-4-phosphate 9 Fru6P Fructose-6-phosphate 10 GAP Glycera-
dehyde-3-phosphate 11 Gle Glucose 12 Glc6P Glucose-6-phosphate 13 Gly Glycine 14 Gln Glutamine 15 Glu Glu-
tamate 16 His Histidine 17 lle Isoleucine 18 Leu Leucine 19 Met Methionine 20 NADPH Nicotinamide adenine di-
nucleotide phosphate 21 OAA Oxaloacetate 22 PEP Phosphoenolpyruvate 23 3PG 3-phosphoglycerate 24 Pro Proline
25 PRPP 5-phosphoribosyl pyrophosphate 26 Pyr Pyruvate 27 Rib5P Ribose-5-phosphate 28 RibuSP Ribulose-5-phos-
phate 29 Sed7P Sedoheptulose-7-phosphate 30 Ser Serine 31 Thr Threonine 32 Try Tryptophan 33 Val Valine 34
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1
Table 1 The stoichiometric equation
Reaction No. Stoichiometric eqution
rl Glc + ATP = Glc6P + ADP + H
12 Glc6P = Fru6P
3 Fru6P + ATP = 2GAP + ADP
4 GAP + ADP + NAD = 3PG + NADH + ATP
15 3PG =PEP +H,0
6 PEP + ADP = ATP + Pyr
r7 Pyr + CoA + NAD = AcCoA + CO, + NADH
8 Gle6P + H, O + 2NADP = RibuSP + CO, + 2NADPH
9 RibuSP = Xyl5P
rl0 RibuSP = Rib5P
rll XylSP + RibSP = Sed7P + GAP
rl2 Xyl5P + EAP = Fru6P + GAP
rl3 GAP + Sed7P = Fru6P + EAP
rl4 AcCoA + OAA + H, O + NADP = oKG + CoA + CO, + NADPH
rl5 NH; + oKG + NADPH = Glu + H, 0 + NADP
rl6 oKG +H, 0+ FAD + 2NAD + ADP = OAA + FADH, + 2NADH + CO, + ATP
rl7 PEP + CO, + GDP = OAA + GTP
rl8 2PEP + FAP + NADPH + ATP = Cho + 3HPO4*~ + NADP + ADP
rl9 Cho + Gln + PRPP + Ser = Try + Glu + Pyr+ H* + PPi + H,0 + CO, + GAP
20 3PG+ NAD* + Glu+ HyO=Ser+ NADH + H* + oKG + Pi
121 Ser + FHy = Gly + H, O
122 Ser + AcCoA + H,S = CoASH + AC + Cys
123 RibSP + ATP = PRPP + AMP
24 PRPP + ATP + Gln + H, O + 2NAD = His + oKG + Pi + 2NADH + 2H*
125 Pyr + Glu = Ala + oKG
126 Glu+ ATP + NH4* = Gln + ADP
27 Pyr + NADPH = oKIV + NADP + H,0
128 oKIV + Glu = Val + aKG
29 AcCoA + oKIV + H, O + NAD + Glu = CO, + CoA + NADH + oKG + Leu
30 Glu + ATP + 2NADPH + 2H"* = Pro+ ADP + 2NADP* + Pi+ H,0
31 OAA + Glu + ATP + NADPH = oKG + ADP + NADP + Asp
32 Asp + 2NADPH + 2ATP + H, O = Thr + 2NADP + 2ADP + Pi
33 Asp + ATP + 2NADPH + Cys = Met + Pyr + 2NADP + ADP + Pi
34 Pyr + Thr + NADPH + Glu = lle + NH4* + NADP + H, O + oKG + CO,
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Table 2 The batch fermetation results of L-tryptophan
Time/h 0D L-Tryptophan accumulation/ g/L Residual glucose/ g/L
0 0.010 0 127
4 0.017 0.11 125
8 0.042 0.28 123
12 0.071 0.57 118
16 0.102 0.94 111
20 0.143 1.52 103
24 0.257 2.14 96
28 0.342 2.68 88
32 0.4380 3.22 80
36 0.614 3.71 71
40 0.720 4.23 62
4 0.736 4.68 52
48 0.734 5.20 4
52 0.740 5.71 35
56 0.735 6.19 28
60 0.729 6.72 22
64 0.727 7.22 15
68 0.728 7.67 8
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3 L-
Table 3 Metabolic flux distribution of L-tryptophan fermentation
Reaction Flux distribution Theoretic flux Reaction Flux distribution Theoretic flux
No. caculated distribution No. caculated distribution
rl 100.00 100.00 rl8 6.00 33.33
12 75.15 0.00 r19 6.00 33.33
13 83.05 33.33 120 12.60 33.33
4 90.00 66.67 121 3.40 0.00
15 77.40 33.33 122 3.20 0.00
6 60.10 0.00 123 10.00 33.33
7 50.40 33.33 24 4.00 0.00
18 24.85 100.0 125 3.00 0.00
9 7.90 33.33 126 10.00 33.33
rl0 16.95 6.67 127 8.80 0.00
rll 6.95 33.33 128 4.80 0.00
rl2 0.95 0.00 129 4.00 0.00
rl3 6.95 33.33 130 3.30 0.00
rl4 43.20 33.33 131 8.00 0.00
rl5 43.60 33.33 132 3.90 0.00
rl6 39.90 33.33 133 4.10 0.00
rl7 11.30 0.00 34 3.90 0.00
2.2 Try
HMP Glc6P  Ribu5P TCA a-
2.2.1 Glc6P 1 3
EMP HMP  TCA HMP 24.85% EMP
75.15% EMP 2 HMP
100 EMP 0 EMP TCA
0 HMP
NADPH E4AP  PRPP
2.2.2 PEP PEP 77.4%
6% —
33% 3 PEP
PEP r18 PEP Try
PEP Pyr  OAA
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Metabolic Flux Analysis of L-Tryptophan Biosynthesis

Wang Jian Chen Ning”  Zhang Bei Tan Qingqiao Zhang Kexu
College of Food Science and Bioengineering  Tianjin University of Science and Technology — Tianjin 300222  China

Abstract The metabolic flux balance model of L-Try synthesis by Corynebacterium glutamicum was
constructed in this paper. Using this model the metabolic flux distribution during the middle and
late period were determined and the optimal flux distribution were calculated by linear program of
MATLAB software. The analysis results indicate that 24.85% metabolic flux entered the HMP path-
way and 75.15% entered the EMP cycle. But comparing to the optimal flux distributions the pro-
duction of L-Try should be improved from the genetic manipulation and fermentation control through
reducing byproduct of amino acid and decreasing the metabolic flux of TCA and EMP.

Key words L-Try The metabolic flux distribution Metabolic flux analysis Linear program

Foundation item Project Granted by Science and Technology Committee of Tianjin 983113711
* Corresponding author. Tel 86-22-28193579 Fax 86-22-28179094 -E-mail cncps @263 . net
Received date 2002-11-12

2004

2004
1. “ 863 ” “ 973

© RERIFRME DM RFATIBSHEES http://journals. im. ac. cn





