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Fig. 1 Metabolic network of threonine synthesis

(1) Glc:Glucose; (2) Glc6P:  Glucose-6-phosphate;  (3) PEP:
Phosphoenolpyruvate; (4) Pyr: Pyruvate; (5) Fru6P: Fructose-6- phosphate;
(6) GAP: Glyceradehyde-3-phosphate; (7) P3G: 3- phosphoglycerate; (8)
AcCoA: AcetylcoenzymeA; (9) RibuSP: Ribulose- S-phosphate; (10)
Xyl5P: Xylulose-5-phosphate; (11) Rib5P: Ribose-5- phosphate; (12)
Sed7P: Sedoheptulose-7- phosphate; (13) E4P: Erythrose-4-phosphate; (14)
OAA: Qxaloacetate; (15) aKG: oa-ketoglutarate; (16) NADPH:
Nicotinamide adenine dinu-cleotide phosphate; (17) Glu: Glutamate; (18)
aKiv: a-ketoisovalerate; (19) Asp: Aspartate.
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Table 1 Reaction rate equation of metabolic nodes

Metabolic node Reaction rate equation Metabolic node Reaction rate equation
Glc6P rl-r2-r8=0 Rib5P r10-r11=0
PEP r5-r1-r6-r17=0 Sed7P rll-r13=0
Pyr rl+r6-r7-r18-r19=0 E4P r13-r12=0
Fru6P r2-r3+r12+r13=0 OAA r16-r14+r17-r22=0
GAP 2r3-r4+r11+r12-r13=0 aKG r14-r15-r16+r18+r20+r21+r22=0
P3G r4-r5=0 NADPH 2r8+114-r15-r19-2r23-r22=0
AcCoA r7-r14-r21-r24=0 Glu r15-r18-r20-r21-r22=0
Ribu5P r8-19-r10=0 aKIV r19-r20-r21=0
Xyl5P r9-r11-r12=0 Asp 122-r23=0
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Table 2 Variation rate and metabolic flux of metabolites
Extracellular Molecular Accumulation/Consumption rate/[g/(L - h)] Metabolic flux
substance weight 5% DO 20% DO 5% DO 20% DO

Val 117 0.10 0.05 1.9 0.9

Leu 131 0.25 0.13 4.3 2.0

HAc 60 0.15 0.07 5.6 2.3

Thr 119 2.70 4.00 51.2 70.2

Gle 180 8.00 8.60 100 100

Ala 89 0.18 0.10 4.6 1.5

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



(2008) 48(8) 1059

®3 AREREVERKPRSH

Table 3 Metabolic flux distribution of threonine biosynthesis

Metabolic flux

Metabolic flux

Reaction distribution calculated Theoretic-al ‘metz}bolic Reaction distribution calculated TheoretiQal ‘rnetgbolic
No. flux distribution No. flux distribution
5% DO 20% DO 5% DO 20% DO
rl 100 100 100 rl3 8.5 19.4 66.7
2 74.5 41.9 -100 rl4 119.6 101.7 0
r3 91.5 80.6 33.3 rl5 62 74.6 133.3
r4 191.5 180.6 133.3 rl6 119.6 101.7 0
r5 191.5 180.6 133.3 rl7 51.2 70.2 133.3
r6 140.3 110.4 0 rl8 4.6 1.5 0
r7 129.5 106.0 0 rl9 6.2 2.9 0
r8 25.5 58.1 200 r20 1.9 0.9 0
r9 17 38.7 133.3 r21 4.3 2 0
rl0 8.5 19.4 66.7 122 51.2 70.2 133.3
rll 8.5 19.4 66.7 r23 51.2 70.2 133.3
rl2 8.5 19.4 66.7 r24 5.6 2.3 0
Glc Glc Glc PEP TCA
l 100 lloo lloo PEP
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Fig.2 Flux distribution at the Glc6P node under different conditions. 15
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3 AREEHT PEP HAAKTEHE
Fig. 3 Flux distribution at the PEP node under different conditions.

4 FREEZHFToKGC HTRLHTRENE
Fig. 4 Flux distribution at the aKG node under different conditions.
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Metabolic Flux Analysis of L-Threonine Biosynthesis Strain under Diverse
Dissolved Oxygen Conditions

Jin Huang', Qingyang Xu', Tingyi Wen', Ning Chen'"

( 'School of Biotechnology, Tianjin University of Science and Technology, Tianjin, 300457)
(*Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101)

Abstract: [Objective] The mechanism of L-threonine biosynthesis and its impact factors were explored by metabolic flux
analysis. [Methods] The metabolic flux balance model of L-threonine synthesis by Escherichia coli was established.
Based on this model, the practical and optimal metabolic flux distribution in the middle and late period under different
dissolved oxygen concentrations were determined with the linear program planted in MATLAB software. [Results] Data
indicated that 25.5% of carbon sources were consumed by HMP pathway, resulting in a conversion rate of 33.9% to
L-threonine with a 5% dissolved oxygen concentration. With dissolved oxygen concentration of 20%, 58.08% carbon
resources entered HMP pathway, giving rise to a 46.5% conversion rate. [Conclusion] Compared to the optimal metabolic
flux with a carbon conversion rate of 88.23%, glucose-6-phosphate isomerase should be activated by genetic manipulation
and fermentation control in order to elevate the HMP pathway flux, and flux towards aspartate amino acids family could
be enhanced by increasing phosphoenolpyruvate carboxylase reaction rate. These may lead to a decrease in TCA flux and
byproducts, and consequently the L-threonine biosynthesis would be promoted.
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