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Reuse of recombinant Escherichia coli to produce succinic acid
by bioconversion
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Abstract: The possibility of reusing Escherichia coli cells from the broth for succinic acid production was investigated.
Using succinic acid yield and productivity as criterion, we investigated the effects of cell concentration, initial glucose
concentration, different neutralizers on the bioconversion. The results revealed that E. coli could convert glucose to
succinic acid in a water solution of glucose and a neutralizer. According to the results, the optimal condition was as follows:
the cell concentration was 50 (ODggg), glucose concentration was 40 g/L and neutralizer was MgCO;. Under the optimum
conditions, we carried out the consecutive batch bioconversion in 7 L fermenter. Succinic acid yield reached 91% with the
productivity of 3.22 g/(L-h) for the first conversion. For the second conversion, succinic acid yield reached 86% with
productivity of 2.04 g/(L-h). Furthermore, we achieved a high mass yield above 83% with the productivity of 1.82 g/(L-h) for
the third bioconversion.
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AT 2/, DIHFORSRIE 2 . 155/ 35
KAF . BAER B P e AR S A, AR
o B P A S AR P

TR HRARE, R8BI
ZAT I Actinobacillus succinogenes | ;= 3 FATR 2 3\
o
MBELSSE LUK BRI E IR B Anaerobiospilillum
succiniciproducens®™ . KIFFTHE i Tt a1 5tig2E
Gy . KSR IEBR T A KRR S A, AR
KW Z AT O AR T RS AR K
JAFT B AFP111 J2& NZN111 Y [ & 5878 %k , o] LAgEAT
P B R, RVTEA AR B Kk, IREM B A
B Rk T R, Vemuri 25 5@ s etk A7
ST BB I], ARAS IR AT R R AR R 4y
S 99.2 g/L Al 1.3 g/(L-h), 22045 i3 45 A 4
Wy B AR A E I, FRAF B T R i AL PR
4 101.2 g/L A1 1.89 g/(L-h), BEEMK AR, HITER
Pz 45 e DR BV P P AL, A e 5 3R 3
aksz ke, EATEEHRAT . EEMK KR T L
JEAR A R TERT E], 2 i B i, SR 4
Ji A A RO RCR . T HEIR & A LB 7 it R
T A %, s FLAEPVRIFH A 22 e R 8 A AR
KEECWE, R THSEFEIRECEN T, K
PAFEI R BT RS, T mEER,
BEINN P L, PR A AT R e R WERE . T
I, M, T ELHIR A A AEEE L,

AR SCHRE T 2R K BB A B A, DR 8
Wh B, ST TEEAMR LR, MO R EER A
AN REE AL i, RIHE RS i) 20 B 77 TE R K v
RN E R R IR BE , SRR TR A LW, JF%
ST RV | W) R AR B L pH R RN 2
FARRSZ I . A TR BOR B, AN A AT
SR AN A P BE ETH AR . A HE UL LR ER
R B, KT MR A BN E, #2087 a8 ™
B, HHTT BRI TleE™ .,

1 A5

L1 Ek
AFP111 [F+ A- rpoS396(Am) rph-1 A(pfIAB::Cam)

MBELSSE  Mannheimia succiniciproducens

IdhA::Kan 95 ptsG], H David P. Clark #{ #%
(Southern Illinois University) ZM
12 EFESEFREN
1.2.1  FhrlisRE

FEEME 10 g/L, BEEEF S g/L, NaCls g/L,
pH 7.0, 121°CK I 15 min; KIFHE K 30 mg/L,
AR E 30 mg/L, TIEBREEE A
1.2.2 KHEIEFRE

FrEERR 3 g/L, Na,HPO,7H,0 3 g/L, KH,PO,
8 g/L, KH,PO,8 g/L, NH,Cl 0.2 g/L, (NH4),HPO,
0.75 g/L, MgSO,-7H,0 1 g/L, CaCl,-2H,0 10.0 mg/L,
ZnS047H,O0 0.5 mg/L, CuCl,:2H,O 0.25 mg/L,
MnSO,4-H,0 2.5 mg/L, CoCl,-6H,0 1.75 mg/L, H;BO,
0.12 mg/L, Al (SOy); 1.77 mg/L, Na,MoO42H,0
0.5 mg/L, #rEEMEL 16.1 mg/L, 121°CKHE 15 min;
A% B, 20 mg/L, EWEK 2 mg/L, RRER
30 mg/L, AFHE 30 mg/L, HIERREIEIA
123 FILIEFRE

FEARSR IR EACRTCTEK, NG A
BRIR , FAMI MgCO5., NayCO;, NaHCO; 5 # CaCO;
) — R pH.
1.3 7%
1.3.1 FhrlEssE

FRTFE T80 CURFE I B FI LA 1% Wy HERh 4 22
250 mL =AU 30 mL AR SR,
37°C. 200 r/min IFEEEFAE R — R M T K —%RFh
TLL 1% my4 R RO 3 30 mL GF UG SRt h
37°C. 200 r/min %57 5~6 h Eh & Fp T,
1.3.2 BB

PR B A e 1 S B R Y B dli 37 0k, #E 7 L
K W2 (BioFlo 110 fermenter; New Brunswick
ScientificCo., Edison, N.J.) #1117, 2EWE 3 L,
et 5%, W 37°C. A S Bods il 4 hE ) 4G
WEE 20 g/L, MKW EZIAF] 20 (ODgop), LI % T
WA AR B 2, TN 800 /L A WE , 4 A
RIS A KRR 0.7/, H RN E R A E] 30
(ODgo), 10 mol/L NaOH i E pH 6.8; K4 ¥ Bt
JoH CO,, WA 0.5 L/min, I H A ] BRPEGR N
MgCO; % pH 6.4~6.8 Z[a], K4t abiE =X,
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BRI A 40 g/L, MHEEBRREIRT 10 g/L,
M 40 g/L,
1.3.3 i

PR Be R TEAh o, WOER R, 750 3R A5 2 i
(5 000 r/min, 10 min, 4°C), FRMGEKEIFIGHE AL
P AT i AL S 5
1.3.4 st

7E 7 L KB (BioFlo 110 fermenter; New
Brunswick ScientificCo., Edison, N.J.) "4 fitg &%
W, JEAMINTERK 2 8RB0 3 L, WREE 37°C, §%
# 200 r/min, #WICHE CO,, <A 0.5 L/min, KR
B ZE pH 6.4~6.8 Z[A], KA -HAMETT L,
WIABRR Iy 40 g/L, MHHE MR EILT 10 g/L,

FMINZE 40 g/L,
1.3.5 Mm%

A BRI % . AP BT (SBA240C,
W ZR A Bl B LR I 98 T
PR SR 2 . SR AN AT 4 % Ok B 3T

F1 AMBAEBANAMRELFERILR
Table 1

(Spectrumlab 7528) F* 600 nm AL EWIEAE (ODgoo)-
KWW h A LR B E AW A
(Ultimate3000, Dionex , America; Alltech S #H Prevail
A HLUIR (384 ; FshAH . 25 mmol/L KH,PO,; pH 2.5;
TLEAFE . 1 mL/min; EAMEM P K 215 nm;
HEFESE 20 uL; KRR 25°C).,
1.3.6 5 00E
8 TR s Pt P W TR R AL B (PCK) it 43T U
A S SN AR R WL SCHR9]

2 %

2.1 YHAEFE LB RTITIE

SR TR R A MR e AL R SR R b i R ERE T, R
0 G AL AR R B 1 25 R E AT LA . R B BL S
WG, WU B R EER, B0 PR, IR T
AN Ak, A L R A T R UK B o R 8 W1 T
FEHF/NT 0.5 ¢/(L-h) B, &Ik LA REE, 35
s W% 1,

Production of succinic acid by dual-phase fermentation and bioconversion®

Biomass Succinic acid

Acetic acid Succinic acid Succinic acid

(ODsno) (g/L) (g/L) productivity (g/(L-h)) Yield®* (%)
Fermentation 28.8+0.8 101.21+0.17 3.40+0.09 1.61 96.1
Bioconversion 27.2+0.5 85.32+0.11 2.76+£0.06 1.57 93.2

a: Succinic acid yield is defined as the percentage of the concentrations of succinic acid in consumed glucose.

M1 Al [ A AT LA A R
AR A T TR . BARRA T TR
i, AR CRANAE ™ 50 B 5 PR AR R BEAH Y o R4
P TRT B K R BT R AT SR BE DR 20 ML 15 4 S ML P T
TR AR SRR T
22 AEEREXNEMRELHNZE

FARER IR IR A0 AN 20, 32, 40, 52, 68,
87 g/L HHHE, FAALHRIMET MW e, LM
PR T TR R AL, SPARILIE 1,

HITEL 1 AT, BEE AR RS, T MR
e BE i, (HAE LA R o 5 9 4 WP TR 2
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Fig. 1 Effects of initial glucose concentration on production of

succinic acid bioconversion using in sealed serum bottle.
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T R A R EERG I, (AR W AL R BRI
YA E (ODeoo) KT 55 I, 7454k R AR B
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TEE AL,
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Fig. 2 Effects of initial cell concentration on production of
succinic acid by bioconversion in sealed serum bottle.

2.4 EZEME LRI

4 e ek fE b, il A Na,CO;. NaHCOs .
MgCO;., CaCO; JH7Y7 pH, P HIHIHHE EE7E 20 g/L,
g R 2,

3 2 WLUA ), MgCOs 14 pH 15 7R,
TR A 5 BE AR JK . NayCOs Al NaHCOs
RORAHIE, (HH T 1 43F Nap,COs AT LAFI 2 43 F H'
KR, HF 8 NaHCO; /b, il CaCOs B, Zifif
G R L PADN RN N SN 5

Fz2 ANEZHEX2MBEE AT
Table 2 Influence of the neutralizers on whole-cell
bioconversion

Neutralizer MgCOs Na,CO; CaCO; NaHCO;
Succinic acid (g/L) 19.7+0.5 14.5+0.6 3.3+0.5 10.6+0.6
Succinic acid
productivity (/(L-h)) 3.42 2.90 0.66 2.12
Succinic 98.5 87.1 47.4 82.2

acid yield® (%)
a: succinic acid yield is defined as the percentage of the
concentrations of succinic acid in consumed glucose.
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Fig. 3 Time course of cell apoptosish and production of organic
acids with in a stirred bioreactor by whole-cell conversion.
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ek, T ZRRARCEREALR 002 2.04 g/(Lh)
1 86% , BT ZIRMREEIRS] 45.6 g/L, KEERK
AL 20 o/ BRI ZGHE, (HRANHEIRE (ODeoo) K%
REA R, 55 3 Whkfk, T BRI r= R ML R
Freif A, 209002 1.82 g/(L-h) I 83%, T Mk
LURFEHR 36 g/LoH THHMIVEEE (ODgoo) FEEIT 25,
PR 28 1k A A
2.6 BEENE

M7 L LRI T UG, FiE EE A
WHCSEIN, TR R BERE B Wi AR, T 54
DA R BERE T RRAR A IR R, 7R DR SRR B AR I e Ak
P, Ay B RBER T R4, W T R AR R AR
v B PCK TG PE

it 15 00 5 PR 25 SR o, DRAEUR BRI PCK 1996
PR 1.96 U/mg, 45 1 RIS 2 REALWT ] PCK 1Y
TSR 3R 1.24 U/mg #1075 U/mg, )5 1 4L
I3 PCK (3% 1M 0.42 U/mg, S2i2H7 F R EH
3 9tk

R L T AL R A T R
FIATPE, 45 53 B TR0 %) 200 B mT LA ] S0 7K R BT
AL A A T R, RN IR A% 4 R A
TR AR PR IS AR ST S TR o AH LT B R T
B0 AU BEAT A M AL, LT R AR 7 R AR A T
R D DR AT B 0 A R R X Al A T Y
BEIR, DL R MR oA 1y ek AR S SO R B e I R A1

3 3 XoF A A W A R B R 8%, R A B A
WERI IRV BE 3G, T MR AR IRIL, M
PRI, M B b B4 1 IR T A R v U A
WS B iE R, AR I 2 6 M A,
AR I 3 A28 %) DXt il 52 38 90 35 3 R A A
Ho gy U2 AN mR . v B A A AT DL AR
BRI AR, (RS, S35
K WERE STREARN ., 5h A vl B 1 At B K A
HORAERF ML V6 M, B 2 B U AL ] g A
MIER, AN NENRR R ik fe, KL mRI
e pie

FMEACH) 73 b — A E N FJE pH AR
TS o ARSCHLR T At B vh JUR AN [R] 22 R i 2L
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D3 AN T R WA U B E R AR AR, N
MgCO; il Az B — AR AT LA i & B h — 4R
fRrR R, AT T BRI A .

fEEE A B, BEER B, T
TR LR | PR AL R B WA .
LR P/ 2 T B P ORI R R 2
A I O A0 B A L L SRR AT A T e
TH, T A GER H  AER R R AP B
Y, FER I IR E IR B g R TR .
TEMEST R R, fERERBEYIN, PCK &M
e, AHBEE AR BB N, S PR B WA

A SCFE LT T AEAE A # AR MgCO; 11
BraRHerf, R R I v I o £ e A Ak 2 R
T, T TEEHR . BRI AR
W AE R T PR RS TR], 39 T o e e, $
TR A TR
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