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Optimization of the Fermentation Progress of L-threonine by

Pathway Analysis

CHEN Ning, ZHU Xiao-guang, XU Qing-yang, HUANG Jin
( Tianjin Key Laboratory of Industrial Microbiology, College of Biotechnology , Tianjin University of Science &
Technology , Tianjin 300457, China )

Abstract: According to the pathway analysis, fermentation progress of L-threonine was eventually optimized. There are 11

basic models to be estimated. The productivity of model 1, 3, 4, 6, 9, 11 had achieved 86%. According to the result of path-

way analysis, the optimized metabolic control strategy was instituted and testified through actual fermentation experiments.

It was concluded that merely compared with glucose, adding sodium gluconate almost serves to decrease the productivity of

L-threonine. In addition, 20% dissolved oxygen effectively allows metabolic flux into the biosynthesis pathway of L-

threonine, thereby maximizing the productivity of L-threonine.

Keywords: L-threonine; pathway analysis; sodium gluconate; metabolic engineering; dissolved oxygen
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Fig.1 Metabolic pathway of L-threonine biosynthesis

Sed7P

(1) Glc: Glucose, (2) Ic6P: D-Glucose6-
phosphate, (3 ) Fru6P: Fructose-6-phosphate, (4 )
Frul6P : Fructosel , 6-bisphosphate ( 5 ) GAP :
Glyceraldehyde-3P, ( 6 ) Glyl3P: Glycerate-1, 3P2,

(7 ) Gly3P: Glycerate-3P, ( 8 ) Gly2P : Glycerate-
2P, (9 ) PEP: Phosphoenolpyruvate, ( 10 ) Pyr:
Pyruvate, (11 ) AcCoA: Acetyl-CoA, (12) OAA:
Oxaloacetate, ( 13 ) Iso: Isocitrate, ( 14 ) a-KG:
alpha-Ketoglutaricacid , ( 15 ) SucCoA : Succinyl-
CoA, (16) Glu: Glutamate; ( 17 ) Gln: Glutamine,

( 18 ) Ribu5P: Ribulose-5-phosphate, (19 ) Xyl5P:
Xylulose-5-phosphate , ( 20 ) Rib5P : Ribose-5-
phosphate, (21 ) Sed7P: Sedoheptulose7-phosphate ,

( 22 ) E4P : Erythrose-4-phosphate , ( 23 ) Leu :
Leucine, (24 ) ASP: Asparticacid, (25 ) ASA:
Aspartate-4-semialdehyde, (26 ) Lys: Lysine, (27)
HOM : Homoserine, (28 ) THR: Threonine.

Reactions: rl: Glc + ATP = Glc6P + ADP, 2.
Glc6P = Fru6P, r3: ATP + Fru6P = ADP + Frul6P, r4:
Frul6P = 2 GAP,15: GAP + Pi + NAD = Glyl13P +
NADH, 16: Gly13P + ADP = Gly3P + ATP, 17: Gly3P
— Gly2P, 18: Gly2P = PEP + H,0, 19: ADP + PEP =
ATP + Pyr, rl0: Glc6P + 2 NADP + H,O = 2 NADPH
+ H + Ribu5P + CO,, rll: RibSP = Xyl5P, r12:
Ribu5P = Rib5P, r13: Rib5P + XylSP = Sed7P +
GAP, r14: E4P + Xyl5P = Fru6P + GAP, rl5: Sed7P +
GAP = E4P + Fru6P, rl16: AcCoA + OAA + H,O = 1Iso
+ CoA,rl7:Iso + NADP = a-KG + CO, + NADH,
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r18: 0-KG + NAD + CoA = SucCoA + NADH + CO,,
r19: a-KG + NH; + NADPH = Glu + NADP + H,0,

120: SucCoA + ADP + Pi + FAD + H,O + NAD = CoA
+ ATP + FADH + OAA + NADH, r21:Pyr + NAD +
CoA = AcCoA + CO, + NADH, r22: PEP + CO, =
OAA,123:2 Pyr + AcCoA + NAD + Glu =2 CO, +
CoA + NADH + o-KG + LEU, 124: Pyr + CO, + ATP
+ H,0 = OAA + ADP + Pi + 2 H, 125: a-KG + H,O +
FAD + 2 NAD + ADP = OAA + FADH + 2 NADH +

CO, + ATP, 126: Glu + NH; + ATP = GIn + ADP + Pi,
r27: OAA + ATP + NADPH = ASP + ADP + NADP + 2
H, r28: ATP + ASP + NADPH + H = ADP + ASA + Pi
+ NADP, r29: ASA + Pyr + NADPH + SucCoA +

Glu+2 H,O + H=LYS + NADP + Suc + CoA + a-KG
+ CO,, r30: ASA + NADP + H = HOM + NADP,

r31: ATP+ HOM + H,O = ADP + THR + Pi.
iz MATLAB BAFE A2 0, SRASAY SO
BRI 1 Pk,

®1 AEREEVEN L-HERBHERRMER
Tab.1 Elementary models of L-threonine biosynthesis
H5i7 el €2 e3 ed es e6 e7 e8 €9 el0 ell
rl 1.87 1.87 1.87 1.87 2.17 2.33 1.87 2.63 1.87 2.17 2.33
2 0.27 0.27 0.27 0.27 1.17 0.33 0.27 0.38 0.27 1.17 0.33
r3 1.33 1.33 1.33 1.33 1.83 1.67 1.33 1.88 1.33 1.83 1.67
r4 1.33 1.33 1.33 1.33 1.83 1.67 1.33 1.88 1.33 1.83 1.67
5 3.20 3.20 3.20 3.20 4.00 4.00 3.20 4.50 3.20 4.00 4.00
6 3.20 3.20 3.20 3.20 4.00 4.00 3.20 4.50 3.20 4.00 4.00
r7 3.20 3.20 3.20 3.20 4.00 4.00 3.20 4.50 3.20 4.00 4.00
r8 3.20 3.20 3.20 3.20 4.00 4.00 3.20 4.50 3.20 4.00 4.00
9 0 0 0 3.20 4.00 2.00 3.20 1.50 3.20 4.00 2.00
rl0 1.60 1.60 1.60 1.60 1.00 2.00 1.60 2.30 1.60 1.00 2.00
rll 1.07 1.07 1.07 1.07 0.67 1.33 1.07 1.50 1.07 0.67 1.33
rl2 1.60 1.60 1.60 1.60 1.00 2.00 1.60 2.30 1.60 1.00 2.00
rl3 0.53 0.53 0.53 0.53 0.33 0.67 0.53 0.75 0.53 0.33 0.67
rl4 0.53 0.53 0.53 0.53 0.33 0.67 0.53 0.75 0.53 0.33 0.67
rl5 0.53 0.53 0.53 0.53 0.33 0.67 0.53 0.75 0.53 0.33 0.67
rl6 1.60 1.07 1.60 1.60 1.00 2.00 1.07 1.50 1.60 1.00 2.00
rl7 1.60 1.07 1.60 1.60 1.00 2.00 1.07 1.50 1.60 1.00 2.00
rl8 0 0 1.60 0 0 0 0 0 1.60 2.00 2.00
rl9 0 1.07 0 0 0 0 1.07 1.50 0 0 0
120 0 0 1.60 0 0 0 0 0 1.60 2.00 2.00
121 1.60 1.07 1.60 1.60 2.00 2.00 1.07 1.50 1.60 2.00 2.00
122 3.20 3.20 3.20 0 0 2.00 0 3.00 0 0 2.00
123 0 0 0 0 1.00 0 0 0 0 1.00 0
124 -1.60 -1.07 -1.60 1.60 0 0 2.13 0 1.60 0 0
125 1.60 0 0 1.60 2.00 2.00 0 0 0 0 0
126 0 0 0 0 0 0 0 0 0 0 0
127 1.60 1.07 1.60 1.60 1.00 2.00 1.07 1.50 1.60 1.00 2.00
28 1.60 1.07 1.60 1.60 1.00 2.00 1.07 1.50 1.60 1.00 2.00
129 0 0 0 0 0 0 0 0 0 0 0
r30 1.60 1.07 1.60 1.60 1.00 2.00 1.07 1.50 1.60 1.00 2.00
r31 1.60 1.07 1.60 1.60 1.00 2.00 1.07 1.50 1.60 1.00 2.00
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