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NADH P4 R MEER TR, 5 YMU2 ML, HA
B M1 1,3-PD AR AE 1,

K. pneumoniae F-1 [{1#5 57 3 5 YMU2BSAH R, Fh7
KiF27E 150 mL FEHR(FFME 50 mL) 4T, A A 4E
FRPRAIAEE, JFLL CaCOs 19 pH 11 7.0 /241, 35°C, 120
rimin FE:FE. AMEHIEAUR LS 5 L k¥4 (Biostat B, B.
Braun Biotech International, Germany) 317, e H
3 L. RIS FEEANET, RN H A o B e RF A
20~30 g/L.
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Fig.1 ORP time courses in fermentations
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Fig.2 Effect of ORP on cell growth of K. pneumoniae F-1

RERAALIE J5U A7 %) K. pneumoniae F-1 4 Y
1,3-PD [z i 3 firw. ik SR MR 5 1) R IR 2 A5 F)
T 1,3-PD (& . £ ORP #5240 5~290 mV 1)k
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mV 1R IEA Z i 15% 740, 43 ilis ) 81.5 J¢ 78.5 gL,
JeHJEAE ORP Jj—240 mV I, # K 1,3-PD & i
(12~24 h)y 2.8 g/(L-h), L& ORP 4-190, —210 F1-290
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Fig.3 Effect of ORP on 1,3-PD synthesis by K. pneumoniae F-1
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1210 R BN, FLIR AN A R e A R PR & f
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Fig.4 Effects of ORP on the formation of byproducts by the anaerobic fermentation of Klebsiella pneumoniae F-1
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Table 1 Effects of ORP on yields of metabolites in the fermentation by K. pneumoniae F-1

Molar yields of metabolites from glycerol (mol/mol)

ORP (mV) 1,3-PD Acetic acid Ethanol Lactic acid 2,3-Butanediol Succinic acid
-190 0.396+0.006 0.065+0.003 0.066+0.003 0.139+0.006 0.005+0.001 0.006+0.001
-210 0.398+0.005 0.067+0.003 0.091+0.005 0.043+0.003 0.011+0.001 0.010+0.001
-240 0.423+0.006 0.095+0.005 0.090+0.004 0.062+0.004 0.009+0.001 0.011+0.001
—290 0.405+0.003 0.080+0.003 0.132+0.008 0.057+0.003 0.017+0.002 0.008+0.001

#2527 K. pneumoniae F-1 7EAN[AAAALIE IR HLAT T
1,3-PD 132148 Ak, 3% [F) & Al RIS =215 2691 T 3%
1. K ORP —240 mV I 1,3-PD 5%k 5] 0.423
mol/mol, =T A 3 Fi ORP, [IRFiZ4E R H MR
REER =) SR S PRHIR AR 2 A . 4k, RIMEAE
Al ORP 44FF, 1,3-PD (KR4 T F 8 it KAl
(0.72 mol/mol). X i B F AR T8 i DR A e I Vi A A0 O i
HLA AT 1,3-PD IR RIS R AT — e R %, (1
oA ALIE J5 A7 %) K. pneumoniae F-1 H AT 9 2%
M E A RIR . 08w 1,3-PD %M

AR T A5 (PN I ) 208 2 4 75 7 11 7% )

MR 1WA LUE Y, R R SR 55 (ORP 2l
—290 mV)IHH B 20, 2,3- T SR R, B )5
PERAG(ORP 4190 mV)iH il 21 FLER 1945 2 4% .
YL AERFIC S PR UE G A) T Hti e 1,3-PD. 4RE. 2,3-
T RS SR PR R A A ) e A, X R] R X LA
T e R K B AR I SRR 4l NADH A3 560,
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(1) FEP TR L K. pneumoniae F-1 i {4k i6
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J5 HL A7 (ORP) 2 —240 mV , 5 J54f B 2 3 bk K.
pneumoniae Mb5al F1EZ5 & #k K. pneumoniae YMU2 H
%1% ORP(43 ) A—190 F1-280 mV)#FANIA]. X Ui 5
KRR, H T3 R TR O A P Al A Qi AR
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(2) ATLAFI] ORP i 3 K T-RE BRI AR 1K A . 7 5t
% ORP(-240 mV) I, 1,3-PD ¥Rk J% Je 15543 ik %] 81.5
g/L % 0.423 mol/mol. [FIf, ¥R EEAR ORP M) B
PRI H AR 20 A P= A8 T B s, i J5 v SO PR
AT Hlim 1,3-PD. OBE, 2,3-T BEAEIE B PR
AR AL
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Improvement of 1,3-Propanediol Production with a Recombinant Strain
Klebsiella pneumoniae F-1 by Regulating Redox Potential

HUANG Zhi-hual?, ZHANG Yan-ping?®, DU Chen-yu?, HUANG Xing?, CAO Zhu-an?

(1. Department of Chemistry and Biology Engineering, Sanming College, Sanming, Fujian 365004, China;
2. Institute of Biochemical Engineering, Department of Chemical Engineering, Tsinghua University, Beijing 100084, China;
3. Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: Redox potential (also called oxidoreduction potential, ORP) is one of important indicators to monitor the anaerobic
fermentation of Klebsiella pneumoniae. In this report, the preferred ORP of a recombinant strain K. pneumoniae F-1 was investigated by
controlling the ORP of broth into four levels of —190, —210, —240 and —290 mV. The results showed that in the fermentation of ORP at
—240 mV, the highest final 1,3-propanediol concentration and molar yield of were achieved, being 81.5 g/L and 0.423 mol/mol,
respectively. This preferred ORP to the genetic modified strain was different from those of both the wild strain K. pneumoniae M5aL
(<190 mV) and the mutant K. pneumoniae M5aL YMU?2 (-280 mV). It is demonstrated that the modification of the metabolic pathway in
the K. pneumoniae F-1 exerted effects on the preferred ORP of the strain. The effect of ORP on re-distribution of the metabolites was
also investigated. The results demonstrated that the reduction environment facilitated the pathways from glycerol to reduction
end-metabolites, such as 1,3-propanediol, ethanol and 2,3-butanediol. This work is the first investigation on the ORP regulation method
in a recombinant strain, which will provide insight into the mechanism of ORP regulation in anaerobic fermentations.

Key words: 1,3-propanediol; cofactor (NADH) regeneration; redox potential; Klebsiella pneumoniae



