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Improvement of the production of vitamin By, by Pseudomo-
nas denitrifican through increasing the fermenter pressure
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(State Key Laboratory of Bioreactor Engineering ECUST, National Engineering Research Center for
Biotechnology (Shanghai), Shanghai 200237, China)

Abstract: [Objective] The pressure of fermenter was enhanced in order to increase the con-
centration of vitamin Bi,. [Methods] Metabolic flux analysis (MFA) was used to analyse the
fermentation process of vitamin Bj, production by Pseudomonas denitrifican. [Results] The
results indicated that the metabolic flux of oxaloacetic acid from phosphoenolpyruvate car-
boxylation was increased when the synthesis rate of vitamin By, increased, in order to meet the
demand for precursor supply to vitamin B, production. A novel control strategy was designed
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as following. The pressure of fermenter was enhanced in order to increase the solubility of
carbon dioxide in aqueous solution at steady phase of fermentation, so more carbon dioxide
was carboxylated to oxaloacetic acid. The result showed that the concentration of vitamin B,
was 176 mg/L, 19.7% higher than the control batch (147 mg/L) at 160 hours. [Conclusion] the
production of vitamin B;, by Pseudomonas denitrifican was improved by increasing the fer-

menter pressure.

Keywords: Pseudomonas denitrifican, The pressure of fermenter, Carboxyl route, Synthesis rate
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Fig. 1 Parameter analysis of vitamin B,, fermentation
with Pseudomonas denitrificans
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Fig. 2 The metabolic route during vitamin B,, production with Pseudomonas denitrificans

Note: GLC: Glucose; G6P: Glucose-6-phosphate;

F6P: Fructose-6-phosphate; G3P: Glyceraldehydes-3-phosphate; PGA:

3-Phospho-d-glycerate; PEP: Phospho-enol-pyruvate; R5P: Ribose-5-phosphate; AcCoA: Acetyl-coenzyme-A; CIT: Citric acid;
OGA: 2-Oxoglutaric acid; SUC: Succinate; OAA: Oxaloacetate; SER: Serine; Gly: Glycine; GLU: Glutamate; ALA:

d-aminolevulinic acid; VBy,: Vitamin By,.
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Table 1 The metabolic flux distributions of vitamin
B,, production with Pseudomonas denitrificans at two
different phases (%0)

Reaction 56—60 h 105-110 h
r 100.0 100.0
r 84.3 68.8
r3 94.7 89.7
Iy 194.6 189.7
I's 194.4 189.4
Ie 185.9 175.4
ry 15.7 31.2
I 15.6 31.2
) 185.7 175.4
1o 185.7 175.4
My 177.7 161.7
[ 177.6 161.4
3 0.1 0.3
f14 0.1 0.3
I1s 0.1 0.3
I 7.9 13.7
ri7 7.9 13.7
[ 1.0 1.75
I9 8.2 14.0
I 182.0 175.1
I 736.0 688.2
I 177.7 161.7
I3 3.0 0
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Fig. 3 Comparison of vitamin B,, fermentation between optimal strategy and normal condition
TE: A HER BRI B FBAUR . IRAURIE R, C: 43R By i,
Note: A: The carbon dioxide concentration in off-gas ECO,; B: Oxygen uptake rate OUR, The dissolved oxygen cells concentration

DO and Biomass concentration OD; C: Vitamin B;, concentration
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Appendix 1 Metabolic reactions of Vitamin B;, production with Pseudomonas denitrificans

No. Reaction equation
ri GLC + ATP — G6P

r2 G6P — F6P

r3 F6P + ATP — G3P + G3P

r4 G3P — PGA + NADH + ATP

r5 PGA — PEP

ré PEP — AcCoA + CO, + NADH + ATP
r7 G6P — R5P + CO, + NADPH

r8 R5P — 2/3 F6P + 1/3 G3P

ro OAA + AcCoA — CIT

r10 CIT — OGA + CO, + NADPH

ril OGA — SUC + CO, + NADH + FADH + ATP
r12 SUC — OAA + NADH

r13 PGA + NADPH — SER

rl4 SER — GLY

r15 GLY + SUC — ALA + CO,

rl6 OGA + NADPH — GLU

r17 GLU — ALA

rl8 8 ALA + 10 NADPH + 17 ATP — VB,
r19 PEP + CO, — OAA

r20 NADPH + 0.5 0, — 1.3 ATP

r21 NADH + 0.5 O, — 1.3 ATP

122 FADH + 0.5 O, — ATP

0.004 2 G6P + 0.005 1 F6P + 0.005 2 G3P + 0.037 7 PGA + 0.086 4 PEP + 0.057 6 AcCoA + 0.030 3 R5P +

23 0.028 9 OGA + 0.051 9 OAA + 0.441 0 NADPH — Biomass + 0.054 7 CO, + 0.097 1 NADH
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MR 2 RighEE TEEREZA[E A mmol/(g-h)]

Appendix 2 Metabolic stoichiometric equations in Pseudomonas denitrificans [Unit: mmol/(g:h)]

No. Metabolite Balanced equation
1 Glc I = —Tgic
2 G6P ri—ro—r;—0.004 2ry3=0
3 F6P r,—r3+ 0.67 rg—0.0051ry3=0
4 G3pP 213+ 0.331g3—1,—0.005 2 r,3=0
5 PGA ry—r5—ri3—0.037 7 ry3=0
6 PEP 's—rg—rig—0.086 4 rp3=0
7 AcCoA re—rg— 0.057 6 rp3=0
8 R5P r;—rg—0.030 3r53=0
9 CIT rg—rip=0
10 OGA ro—r1—rig—0.0289r3=0
11 SucC ry—"riz—ris=0
12 OAA —rg+ 1o+ 19— 0.0519r,3=0
13 SER r3—ris=0
14 GLY ra—ri5=0
15 GLU re—ri7=0
16 ALA 5+ r7—8rig=0
17 VB, l1g= 'y,
18 CO, Mg+ 7+ g+ g + 15— 19+ 0.054 7 13 = rco,
19 NADPH r7 + rg—rz—rig—10r;g — ryp— 0.441 r)3=0
20 NADH g+ g+ Ty +ro—ry+0.097 1r3=0
21 FADH Mi—r»=0
22 0O, Foo+ Iy + Iy = =2 I,
23 Biomass I3 = I'Biomass
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