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Fig.1 Biosynthesis metabolism pathway of leucine. 1 AcCoA Acetyl
coenzyme A 2 a-KG a-ketoglutarate 3 o-KIV  a-ketoisovalerate
4 Ala Alanine 5 Asp Aspartate 6 FAP Erythrose-4-phosphate
7 F6P Fructose-6-phosphate 8 GAP  Glyceradehyde-3-phosphate
9 G6P  Glucose-6-phosphate 10 Glu  Glutamate 11 1le
13 NADPH Nicotinamide adenine
14  OAA  Oxaloacetate 15  PEP
Phosphoenolpyruvate 16 Pyr  Pyruvate 17 RibSP  Ribose-5-
phosphate 18  RibuSP  Ribulose-5-phosphate 19  Sed7P
Sedoheptulose-7-phosphate 20 Thr  Threonine 21 Val Valine
22 Xyl5P Xylulose-5-phosphate 23 SucCoA  Succinyl coenzyme A
24 Suc Succinate 25 ASA  Aspartate-semialdehyde.

Isoleucine 12 Leu Leucine

dinucleotide phosphate

1

Table 1 Stoichiometric equation

Reaction No. Stoichiometric equation

rl GLC + ATP = G6P + ADP + Pi + H

12 G6P = F6P

3 F6P + ATP =2GAP + ADP + Pi

4 GAP + NAD + Pi + ADP = PEP + NADH + ATP + H,0
5 PEP + ADP = PYR + ATP

16 PYR + NAD + CoA = AcCoA + NADH + CO,

7 G6P + 2NADP + H, O = Ribu5P + 2NADPH + CO,
18 RibuSP = XylSP

19 RibuSP = Rib5P

r10 Xyl5P + RibSP = Sed7P + GAP

rll XylSP + EAP = F6P + GAP

rl2 Sed7P + GAP = FAP + F6P
AcCoA + OAA + H, O + NADP = o-KG + NADPH + CO, +
CoA

rl4 a-KG + CoA + NAD = SucCoA + CO, + NADH

rl5 a-KG + NH; + NADPH = GLU + NADP

rl6 SucCoA + ADP = Suc + CoA + ATP

rl7 Suc + H, O + FAD + NAD = FADH, + OAA + NADH

rl8 ADP + PEP + CO, = OAA + ATP
OAA+ GLU + ATP + NADPH = o-KG + ASA + NADP +

rl3

9 ADP + Pi

20 ASA + PYR + NADPH + SucCoA + GLU + 2H,0 + H = Lys
+ NADP + Suc + CoA + a-KG + CO,

121 ASA + NADPH + ATP + H, 0 = THR + NADP + ADP + Pi

» Thr + Acetaldehyde + NADPH + GLU = Ile + NH{" + NADP
+ a-KG + H, O

23 PYR + Glu = ALA + o-KG
24 PYR = Acetaldehyde + CO,
125 Acetaldehyde + PYR = o-KIV + H,0
126 o-KIV + GLU = VAL + «-KG
AcCoA+ a-K IV + H,0 + NAD + GLU = CO, + CoA +

27 NADH + o-KG + Leu
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Table 2 Basic reaction modes for L-leucine production from glucose
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Fig.3  Effect of NHyAc on the growth A and L-leucine production
B of Brevibacterium flavum TKO0303.
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Pathway analysis for production of L-leucine by Brevibacterium flavum TKO0303

LIU Hui' CHEN Ning' WEN Ting-yi' **
! College of Bioengineering Tianjin University of Science and Technology Tianjin 300457 China
2 Institute of Microbiology ~ Chinese academy of sciences  Beijing 100080 China

Abstract Brevibacterium flavum is used for the production of a number of amino acids in the biotechnology industry. The
yield of producing a metabolite is ultimately limited by the ability of the central metabolism and the desired biosynthesis
pathway . Pathway analysis is a very useful tool for metabolic engineering ~which can be applied to increase the yield of a
metabolite or channeling a metabolite into desired pathways. It does not require any kinetic parameters and only uses the
Stoichiometric equations. Pathway analysis for production of L-leucine by Brevibacterium flavum TKO303 at steady state
was conducted in this paper. Theoretical yield and f{lux distribution for optimal pathway were determined. It is also
concluded that pyruvate and acetyl-coenzyme A are the key nodes of the L-leucine biosynthesis pathway by analyzing the
flux distributions of different modes. According to the pathway analysis the production of L-leucine is expected to be
raised by strengthening the flux of the key nodes pyruvate and acetyl-coenzyme A  through changing the environmental
factors. Because the flux of TCA cycle in Brevibacterium flavam TKO0303 is weak the production of L-leucine must be
provided enough amido by adding glutamic acid to the fermentation medium. NH,Ac is both a carbon source and a
nitrogen source which could be helpful to the production of L-leucine. The effects of glutamic acid and NH, Ac on the
production of L-leucine were further studied. The production of L-leucine increased 56% by adding glutamic acid. By
improving the concentration of NH,Ac the biosynthesis of L-leucine was greatly strengthened too. The results indicate
that the flux of L-leucine can be largely increased by changing the chemical regulatory factors such as NH,Ac and
glutamic acid and the modes established by pathway analysis prove to be efficient to describe the metabolic network of L-
leucine production by Brevibacterium flavum TKO0303.
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