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4K # E. coli NZN111 iy David P. clark ¥
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1.2 #ERE
1.2.1 #F#5L

LB & O 10 g/L, B B® 5 g/L,NaCl
10 g/L,pH # 7.0,
1.2.2 mgsahi

BEN 22 /L, EAMK 10 /L, BEF 5 g/L,
NaCl 10 g/L,MgCO; 15 g/L, 284 1.5 g/L, &%
HER 100 pg/mL, EBEMFHREBEERRESE 30
pg/mL , RRAERAEIBEH (PTG)0. 01mmol/L,

Plackett-Burman LR A BEEF HERE 1 fiR
#fTECH ,pH R 7.0,

WEEEREBIEFEERE 2 FIREH, pH
H7.0,
1.2.3 #kFk

BHEE 12ICEMHTXKE 15 min, HFEIEH
%145 37°C,180 r/min, EHEFALHG T LT E



ARBIEHNEMBEARS 30 mL SR EM 0 HR
(100 mL) ¥, [ EFEALM 0.22 pm WHRE
% CO, 5.4k 2 min,30 °C,150 r/min RE 5,
1.3 T-HERHAURE
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EwmEBAKXBHITE NZNIL 2T _BMXEEWE
FHZ B MgCO, . B/ & . IPTG fn A Bt [6] F1 & B%
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1.4 TRt HHERFHTRKFNE 2 FimR.
LR BIEMRERE T %R A Statisti- %1 Plackett-Burman X B EFAFER KW
ca AR HFT. \ N e - %% iﬁ%ﬂ:
1. 4.1 Plackett-Burman 3 %% 3t ~ T EAR L T T
BEXBHEREAENZERLEN—BE 2 BB%/g. L7 X, 5 10
S0 B o 9 A R ) — AL 55 A PR vy
XHRBEMMHNAEFELR, HESEFHERK 5 Bkmk /g- L Xs 15 25
. 6  IPTG¥H /mmol - L1 Xs 0 0.0
Y&l Fm, 7 CO, ESHE /min X 2 4
s 8 #4 ODyo Xs 2.6 3.9
1.4.2 4 5 & & (RSM) 3 %% 5t o mEE /% X ) 1o
B EmEAKXBHTE NINL =T 88 10 IPTG AR /h Xuo o 16
*@EWE TG, R AR SO 4HE 83 (Central 11__ZERM /b Xy 48 72
%2 KEEPLEAEHERAFAERRADR
wEm{E (XDZBMHi/g: L' (X)BME /g- L' (XOBME/%  XOPIGMASE /h (X)) &REAR/h
2 2.5 20 30 28 90
1 2.0 18 20 22 78
0 1.5 16 10 16 66
-1 1.0 14 4 6 54
—2 0.5 12 2 0 42
i#52 Plackett-B LR =
2 BREEWH g Plackett-Burman LR R RBE>ZT

BROXBEREF, UT _RO™BAWMME, LR

2.1 Plackett-Burman XRFHHEREFT 8 LSRASEFHRNERERETNILE 3 MR 4,

HXgHAF
% 3 Plackett-Burman TR @I+ 5L R
i3 X, X; X3 X4 X X X7 X X X0 X TE>8 /g L!
1 1 =1 1 —1 -1 -1 1 1 1 -1 1 13.63
2 1 1 -1 1 -1 -1 -1 1 1 1 -1 12.32
3 -1 1 1 -1 1 -1 -1 -1 1 1 1 13.13
4 1 -1 1 1 -1 1 -1 -1 -1 1 1 12.91
5 1 1 ~1 1 1 -1 1 -1 -1 -1 1 10. 90
6 1 1 1 -1 1 1 -1 1 -1 -1 -1 9.30
7 -1 1 1 1 -1 1 1 -1 1 -1 -1 11. 30
8 -1 -1 1 1 1 -1 1 1 -1 1 -1 8.76
9 -1 -1 -1 1 1 1 -1 1 1 -1 1 11. 00
10 1 -1 -1 -1 1 1 1 -1 1 1 -1 12. 24
11 -1 1 -1 -1 -1 1 1 1 -1 1 1 13.23
12 —1 -1 -1 —1 -1 -1 -1 —1 —1 -1 -1 10. 81
*4 EAFREHEHN
8 TR 3 SS BEH
1 EABKk /g L1 0. 255 36 0. 782 51
2 MR /geL? 0. 069 42 0.057 84
3 NaCl /g L! —0.122 36 0.179 66
4 B8 /g L7! —0. 428 44 2.202 71 +
5 MgCO; /g« L7! —0. 737 62 6.528 96 +
6 IPTG % /mmol « L1 0. 035 64 0.015 25
7 CO; TS BtE /min 0. 050 36 0. 030 44
8 ¥4 ODsoo —0. 254 56 0.777 63
9 BHR/% 0. 641 95 4.945 14 +
10 IPTG A8t E/h 0. 470 91 2.661 06 +
11 xEEEAS/h 0. 839 05 8. 448 11 +
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2.2 mREERATT ZROEF&RG

2.2.1 FTMIA-KBEFRGEI RS
LAZ B8 MgCO, (B B . IPTG f A B 6] 1 &

BRMNEER, T RSB AIMEE, Bt P
LCHEER RITERRERAES,

2S5 RREPLVEARRETRRALR

Xz (X)) Bme (XogEmE  (XOPTGHA  (XOXREEMH Tomr&

il /g L? /ge+L! /% B & /h /h /g Lt
1 -1 -1 -1 -1 1 13.56
2 -1 -1 -1 1 -1 11.51
3 -1 -1 1 -1 -1 13.05
4 —1 -1 1 1 1 13. 64
5 -1 1 -1 -1 -1 13.78
6 -1 1 —1 1 1 13. 30
7 -1 1 1 -1 1 14, 88
8 -1 1 1 1 -1 14. 34
9 1 -1 -1 -1 -1 13.34
10 1 -1 -1 1 1 12.26
n 1 -1 1 -1 1 14. 00
12 1 -1 1 1 -1 13.09
13 1 1 -1 -1 1 14.14
14 1 1 -1 1 -1 11. 68
15 1 1 1 -1 -1 14.17
16 1 1 1 1 1 14.18
17 -2 0 0 0 0 13.92
18 2 0 0 0 0 12. 98
19 0 -2 0 0 0 9. 86
20 0 2 0 0 0 13.14
21 0 0 -2 0 0 13.07
22 0 0 2 0 0 14. 52
23 0 0 0 -2 0 15. 66
24 0 0 0 2 0 14,54
25 0 0 0 0 -2 11.84
26 0 0 0 0 2 15. 43
27 0 0 0 0 0 14. 48

MEXBHWATEESTRET —BRSBOE  FERGE. BdHTESHINBEBHTEH KA
ByRR: RERmBE XEREWAEE.
Y = 15.1441 — 0.1161X, + 0.5251X, + 2.2.2 EToBRABUGXINALSMEHRL

0.5437X, — 0.4398X, + 0. 4940X; — 0. 3480X,% —
0. 8359X,% — 0.4089X,2+ 0.1739X,%>— 0. 3018X,?
— 0.1924X, X, + 0.0261X, X; — 0.1319X,X, —
0.0251X,Xs + 0.0605X,X, — 0.0369X,X, +
0.0042X,X, + 0.3422X,X, — 0.1008X,X; +
0. 0789X, X,
Xt [ §59  B2 sh  ma A B 3 MR F AT £ 04T,
HPEmABENBFERATEE. £RAES.
R6 BAFBHBEXMBEFHFEIH

BHE B F& P
X; 1 6.487 14  9.726 54  0.020 618
X,? 1 14.953 63 22.420 86  0.003 208
X; 1 54595  8.18584  0.028 761
1 5.74205 8,609 40  0.026 145

FRMEEZESCE R2=0. 90439, BLBI FT #1480
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for enhancing the production of succinic acid from Esche- 52

Optimization of the Culture Conditions for Succinic Acid Production by
Anaerobic Fermentation of Recombinant Escherichia coli

Jiang Min, Wang Yina, Chen Kequan, Ma Jiangfeng,
Li Jian, Liu Zhongmin

(State Key Laboratory of Materials— Oriented Chemical Engineering, College of Life Science and Pharmaceutical
Engineering, Nanjing University of Technology, Nanjing 210009, China)

ABSTRACT Plackett-Burman design was used to evaluate the effects of eleven factors for succinic acid pro-
duction by Escherichia coli NZN111(sfcA). The results showed the following key factors: sodium acetate,
magnesium carbonate, inoculum size, time length of adding IPTG and incubation period. Based on these re-
sults, response surface methodology (RSM) was applied for further optimizing these parameters in order to
find out the optimum concentration levels. The concentration of succinic acid could reach 15. 64g/L, com-
pared to the initial 11. 84 g/L, and the yield was enhanced from 53.8 % to 71.1 % with the initial glucose
concentration of 22 g/L, 1 g/L of acetate, 17 g/L of magnesium carbonate, 10 % of inoculum size, IPTG in-
itially added and incubation period of 76 h.

Key words E. coli NZN111, succinic acid, Plackett-Burman design, response surface methodology
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