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i OE: RMBAAARARAE A EANROENERA-T RO MAEN., KR ENFB T T 5L KT A
B AT H Actinobacillus succinogenes CGMCC 1593, 447 7 A pH. AALIE R B 45 (ORP)IRIE B % AT 37 26 BRAX 4
AFE A. succinogenes CGMCC 1593 & B¥ A = T — 849 8ok, 4 R R CO, RMLIEAET A. succinogenes CGMCC 1593 £ #%
AT DR RAERRIRE, LR K BA T T Z8ey R Z—; MgCO; £ A. succinogenes CGMCC 1593 & B¢ it f2 445 49
pH AT A, KB AR%ER pHT.1~6.2, Tk LHARLEK ’6;1 éﬁ%—/k KB4 ORP ik, A TFH KA K, ORP £
270 mV B 3F T 28 F A K Al £ ERsT SR KA Rat, @i Na,S-9H,0 MK L 8% ORP %|-270 mV, A& 48 h B <]
T8 37 g/L, ERFFIATD] 129%. X3 EAHE A. succinogenes CGMCC 1593 & B & & T — &8 LA A% 14,
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Abstract: Actinobacillus succinogenes is a promising candidate for the production of bio-based succinic acid. Previously, we
isolated a succinic acid-producing strain Actinobacillus succinogenes CGMCC 1593 from bovine rumen. In this paper, the influence
of the environmental factors such as gas phase, pH, ORP, on succinic acid production by A. succinogenes CGMCC 1593 was studied.
The results showed that CO, was the optimum gas phase for anaerobic fermentation of A. succinogenes CGMCC 1593 as well as one
of the substrate for the succinic acid synthesis. Using MgCO; as a pH regulator, the pH was maintained within 7.1-6.2 during the
anaerobic fermentation for the cell growth and acid production of A. succinogenes CGMCC 1593. Our results showed that low initial
ORP was disadvantageous for the growth of A. succinogenes CGMCC 1593 and an ORP of —270 mV was demonstrated to be
beneficial to the succinic acid production. By adding Na,S¢9H,0 to decrease ORP to —270 mV at the end of exponential growth
phase in batch culture of A. succinogenes CGMCC 1593, the succinic acid concentration reached 37 g/L and the yield of succinic
acid was 129% at 48 h. This work might provide valuable information for further optimization of succinic acid fermentation by A.
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Anaerobiospirillum succiniciproducens ATCC 29305
1 BY B R L £k FF I Actinobacillus  succinogenes
ATCC 55618 7= T [R5k %] 43 g/L A1 70 /L4,
B BRI R WL TP AL IR A 7 B4 . 2002 48,
i FE R 38 T 384055 Bk Mannheimia succiniciproducens
MBELS5SE, & W™ T — R 13.5 g/L, 475 J&
1.87 g/(L - WP AR TR R Bk A7 T R
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ABEFEE AR e RS T — R T R
BRI T AT A. succinogenes CGMCC 15939 i
F A. succinogenes CGMCC 1593 J& i T 5 IR E I
BEmy o 2= [P DA, BR T RAh, R H
i 2 8 S HL R T A g M A oK AL B W = W, Tk
T R 1 A8 A B 42 50 ) 31 3K 2 7 W I A A . AR SCE
HEH T KRB R AR pH, A AL IE A
(Oxidation-reduction potentialcultue, ORP)[X Z X A.
succinogenes CGMCC 1593 A= K 5 7 B2 F 521 .

1 MR5F%

1.1 ##)
111 F#H

BEFARR AT I A. succinogenes CGMCC 1593,

Journals.im.ac.cn

AR S 06 25 A 1998 1 Hp 43 B 3R AR
1.1.2 HHEH

Fh R0k A%kl 10 g, BERRE 5 g, BRI
(Corn-steep liquor, CSL) 5 g, NaH,PO, * 2H,0 9.6 g,
K,HPO, *3H,0 20.3 g, NaHCO, 10 g, ‘4% 1 L, pH
H 4k, 115°C KT 15 min.

KR FERL: MARE 20~50 g, BEEEE 0~10 g,
CSL 6~20 g, Na,HPO, - 12H,0 1.5 g, NaH,PO, -2H,0
1.5 g, NaCl 1 g, MgCl, 0.2 g, CaCl, 0.2 g; BIES
e ZBEW 3 mL, HA 5 R (mg/L): M2 20 mg,
W& 20 mg, MR 20 mg, Hi¥ER 20 mg, R
20 mg, VB,,20 mg, VB¢20 mg, 2K 50 mg. Kb
HERZ 1L, pHFZE 6.5, 115°C KH 20 min,

12 A%
121 BFFRFM

W R 2 A BB D - R IR BR AT O AL 8 SR
16 h i, 4% 5% R R T4 A 50 mL & B 575
BRI AT 150 mL)Hh k7 R, & T
100% CO, ¥4 37°C JRAAHEFE 48~60 h.,

£ 5 L fi #F & B HE (BIOFLO 110, New
Brunswick Scientific, Edison, NJ, USA) H {1 R4
RWE, BEWEE 3.5 L, B SRR R A UM K T s
FREM . Rl 5%, ABERE 37°C, AW
[ 751 B s e i HE R, BEdEEE 3 200 r/min, 8
N 100% CO,.

1.2.2 KB 20r

KA FHEF HPLC L4 b . TR .
R, AR . WRRELEY ., Waters1512 —Jt
4%, Waters 2414 RI ¥ %5, Breeze i T fEuli;
BioRad 2\ ] Aminex HPX-87H {44} (300 mm
x 7.8 mm, 9 pm); JizhAH 10 mmol/L i, ik
55°C; i 0.5 mL/min; #EFEEE 10 pL.,

A W& L 660 nm Ak B 5 B 2R 378 (ODgeo)

S AL 38 LV (ORP),  FH s o 40 1k 38 5L e 1
(Mettler toledo)Ill i& mV

TR (%) RIS AE 1 mol A AR T
AT R mol %1%,
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2 BELEh PR, 3 HL AR BV PR R 02 . 0 A,
succinogenes CGMCC 1593 774 T MR iR i
K5 BRI S0 e P e s
ARG OR . &SR . T R R,
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X S, " BT UL ARG, Ui EBZ1 COoy EINAET
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AR, SRR 0 COu AT, I T e
IR R R, RIATERN TR g, o f;;}; I T
T BRHRE R AN 109.2%, A4 K 2RI B ) SRR
F1 SHIEMFEHBRABMZN

Table 1 Fermentation of A. succinogenes CGMCC 1593 under different gas phase conditions

Gas phase Biomass Residual glucose Supcinic A_cetic Pyruvic Lactic Fgrmic Sucv:':inic acid
(OD¢s0) (g/L) Acid(g/L) Acid(g/L) Acid(g/L) acid(g/L) Acid(g/L) Yield(%)

Air 33 0.9 0.4 4.8 5.4 2.2 4.3 3.2

N, 2.6 6.5 0.9 2.9 2.7 2.1 2.8 6.7

CO, 4.4 0.3 14.1 3.6 ND ND 1.7 109.2

Cells were grown anaerobically with an initial glucose concentration of 20 g/L, yeast extract concentration of 6 g/L, and CSL concectration of 6 g/L

%2 T[E CO,7KER A. succinogenes CGMCC 1593 % B2 Y 21
Table 2 Effects of CO, concentration on glucose fermentation by A. succinogenes CGMCC 1593

CO, concentration  Biomass Residual Succinic Acetic Pyruvic Lactic Formic Succinic acid
(%) (ODgs0) Glucose (g/L)  acid (g/L) acid (g/L) acid (g/L) acid/(g/L) acid (g/L) yield (%)
0 2.5 7.1 0.4 3.1 33 1.4 3.1 4.7
10 2.8 4.5 4.9 3.0 2.9 1.2 2.9 49.6
25 33 1.8 8.3 3.8 1.9 0.8 2.6 69.6
50 3.9 0.8 11.5 4.0 0.7 0.3 2.4 91.4
100 4.3 0.1 13.8 3.9 ND ND 1.9 106.1

Cells were grown anaerobically with an initial glucose concentration of 20 g/L, yeast extract concentration of 6 g/L, and CSL concentration of 6 g/L

2.2 A[E pH XF A. succinogenes CGMCC 1593 4 10 -
K5 FERRIF2 I N 1 17°
FIHRAE F > R IR pH R T R A 81 A 1 L 153
H0 R BEFERRI S — I CHEN 2 . B35 /L 104 P J0 %
HERIRY, KRB 3 molL i) NayCOS R 5 .
W B pH AP BIEHITE 5.7, 6.0, 6.2, 6.7, 7.2, 4 £ 4 1,3
R(E DFE pH K 6.0~7.2 LKA, T /2 . -
R (W) EL A5 (R, pH 6.7 B 7= T R it ik 3 i .F .r .( l 3
27.3 g/L, FEIRFH120.7%: 0 =7 60 62 671 12 °
% Na,CO; (3 mol/L). NaOH (3 mol/L). pH
NHyH0 (4 mol/L). MgCO; (40 g /LM CaCO; 1 pH X} A. succinogenes CGMCC 1593 % B 9 52 il
(40 /L)% TUAR G2 vhR| I8 5 & I 2 pH A5 00 (42 Fig.1 Effects of pH on glucose fermentation by A.
pH JEEITE 6.0~7.2), 455 F/KMHEMAE KA —E succinogenes CGMCC 1593

- . e . 1 0Dy EZEA succinic acid; B acetic acid
Eg%,r$’ N32CO3 E‘Z NaOH ﬁﬂ‘ﬂjk@% pH EH‘, [il'ﬁgjj_:‘?i 660 succinic aci acetic ac1
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7.1 BT PR R BA TN 6.2 2247, WIREKN
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CGMCC 1593 £ K 5 =3 95 M

FE PR AR TR A R b, SR Ak A Sl £
A 3 A 7 0 08 0 W T s B A, R TR AR
k38 J H 57 (ORPYE, L3 55 AR ™= 1 1) 43 A AH 6
U FE R % e W HR 43 BRI 0 /L ,0.026 g/L,0.048
g/L. 0.26 g/L. 0.48 g/L ] Na,S-9H,0, IAFAH Y
ORP 433125 0 mV. =100 mV., —160 mV. —220 mV .
—-270 mV., # A A. succinogenes CGMCC 1593 Ff 1
TE 100% CO, £ N HFhs L EEfS, A5 KK ORP
351220 mV | —245 mV ., —270 mV, —290 mV , =310
mV, I T A B (ODgeo) WA 2 I 7R o K B 48 h, ™
R an % 3.
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Fig. 2 Effects of ORP on A. succinogenes CGMCC 1593
cell growth under anaerobic conditions

bl 5 ity ORP AR, A.succinogenes F& &A= £
Z M, - AR AV BT B A A K 1 A 4 FE S
HaE . 24 ORP A—220 mV [FZE-310 mV B, FEAKGE
TRET 43%. 1 ORP AYFEAIE, &I =4 H R AN 2 BRI
R/ AR T R )™ it 55 ORP {H BLIE A 43,
Tmpyyr R R 34 g/L, BERTRN 127%. T
TR SETHEBE, P RE A A (B T B
P D i &

A 7E A.succinogenes a4k B ik B B K, [
k&M ORP fH, WA FIRE4E M T BRI ™= &t .
Uk, 78 SL R EEHEH ARG, S50k 3. 4
FE ODggo AN FRYE AT, F Na,S - 9H,0 #75 ORP |
=270 mV, K 48 h T " RWKJE N 37 g/L, IR
RiKF] 129%.
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Fig. 3 Batch fermentation of A. succinogenes CGMCC1593
Cells were grown anaerobically with 50 g/L glucose and 15 g/L
CSL (initial concentrations). Symbols are ODgg (m), ORP( V),
glucose (), succinic acid (A), acetic acid (e), formic acid (A)

3

Wk RS K. pH, ORP ¥EE [H & Xt

%3 [ ORP ¥} A. succinogenes CGMCC 1593 % % a4 82
Table 3 Effects of ORP on glucose fermentation by A. succinogenes CGMCC 1593

ORP (mV) Residual glucose (g/L) Succinic acid (g/L) Acetic acid (g/L) Formic acid (g/L) Succinic acid yield (%)
-220 8.3 28.8 1.1 2.8 105.4
—245 7.0 30.7 1.0 1.7 109.0
=270 8.9 342 0.8 0.0 127.0
-290 8.3 32.7 0.7 0.0 119.4
=310 9.9 29.9 0.7 0.0 113.9

Cells were grown anaerobically with an initial glucose concentration of 50 g/L and CSL concentration of 20 g/L (without containing yeast extract)
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