Tt %M RE (AP B M AT R T B
GO/ N - 4
Chinese Journal of Biotechnology October 25, 2013, 29(10): 1473-1483
http://journals.im.ac.cn/cjbcn ©2013 Chin J Biotech, All rights reserved

W L T AL 7= BRIH R I AT R A 72 T Z R

WM R, IERS AT REES R&EC, ERHY, HERY

1 )V R MR S AR TV A Y IR R B SEEE, TP B§T 530005
2 JUVURMERE ARRRA Y AR E R A SR E AR E YRR TR ARBEE T TV R B S, T
BT 530007

HIT93, ZRHE, ETFH, . W EOLA T B AR A AR T T R, AW TR AEAR, 2013, 29(10): 1473-1483.
Shen NK, Qin Y, Wang QY, et al. Optimization of succinic acid fermentation with Actinobacillus succinogenes by response
surface methodology. Chin J Biotech, 2013, 29(10): 1473—1483.

B OE: ToBA TR C4 LW TE, TUASR—AINEZAY. bt ZRMBALKATE

Actinobacillus succinogenes GXAS137 & B¥ & = T —BRIZ Fe A o @ ATHAL . 1833 % [ & F= Plackett-Burman X3

R F AR AT —BRABNTEAN, RARRRIE FTHEHERKT M4 > RRE, #)/H Box-Behnken %X

HHEEELAKAREKF. HAERERY, ¥aT RS ENTEZLAULZF HE. BFRRMY B KBREEK

. RAREM A (gL): FEAE 70.00, BRI 920, AXHKEKLE 58.10. LB T Z8 = FiL 3| 47.64 g/L.

5ands £4F (36.89 g/L) AL, T oBRERET 29.14 %, FERiEI L LM TIFE 0K 4 R 5A2E AR
Do, LU AR AT A

X8R TR B LIE GXAS137, Plackett-Burman R, AN @ 54, T 8K

Received: April 23,2013; Accepted: May 22, 2013

Supported by: National Natural Science Foundation of China (No. 31160023), Natural Science Foundation of Guangxi Province (No.
2013GXNSFBAO019102), Science foundation of Guangxi Academy of Science (No. 13YJ22SW), BaGui Scholars Program Foundation.
Corresponding author: Ribo Huang. Tel: +86-771-2503902; Fax: +86-771-2503908; E-mail: rbhuang@gxas.cn

F % HARRIERES (No. 31160023), J7 75 HAARIE R4 (No. 2013GXNSFBA019102), J7 FERF# B 24 (No. 13YJ22SW), /i

B T RE AT,



1474 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech October 25,2013 Vol.29 No.10

Optimization of succinic acid fermentation with
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Abstract:  Succinic acid is an important C4 platform chemical in the synthesis of many commodity and special chemicals.
In the present work, different compounds were evaluated for succinic acid production by Actinobacillus succinogenes
GXAS137. Important parameters were screened by the single factor experiment and Plackeet-Burman design. Subsequently,
the highest production of succinic acid was approached by the path of steepest ascent. Then, the optimum values of the
parameters were obtained by Box-Behnken design. The results show that the important parameters were glucose, yeast
extract and MgCO; concentrations. The optimum condition was as follows (g/L): glucose 70.00, yeast extract 9.20 and
MgCO; 58.10. Succinic acid yield reached 47.64 g/L at the optimal condition. Succinic acid increased by 29.14% than that
before the optimization (36.89 g/L). Response surface methodology was proven to be a powerful tool to optimize succinic

acid production.

Keywords: Actinobacillus succinogenes GXAS137, Plackett-Burman design, response surface methodology, succinic acid
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Actinobacillus succinogenes GXAS137!"1% i 5 3%
AT T AL, R P-B 58 A0 1 1 4 M X
M) T R AT ) I AT T AR R L, R
X S0 25 AT S 2 BT AR A b, R
PONERZR AL SNBSSl S S B u N u) ]
TR I BT T R R B AR A A T AR 5 . A
RJE T BRUC AT ik 47.64 g/L, J& [E A el K

1 HHE57*®

1.1 ##
1.1.1 Bk

BEFAMR £ AT & Actinobacillus succinogenes
GXASI37M, ARSI E B RS, RS
CCTCC M 2011399,

1.1.2 s

TR FRAE (g/L): WA 30, BERHRIY) 5,
HE M 5, NaCly, NaH,PO, 8.5, K,HPO, 15.5,
NaHCO; 2, Pkt 1, pH AR, 115 TC
KT 15 min,

JRREEREFRIE (g/L): BRIRE 60, BEREERIY)
10, ZEH ¥ 10, NaCl 5,(NHy4),S0, 1,MgCl,-6H,0
0.5, CaCl,0.5, MgCOs 50.

B Y5 I 1 AR BRAS W] B U5 0 I 5 Lk
PG R AR [

CERI TN A T S S O = BB 1 e e IR R
BEEELH AR, R SR IE T  AUE (B R R B
HER) AR, HA 5 E AR IR AR

pH ZZ Pl 5 77 55 . B pH Z2bin s HR
SR & R RS R], Tt pH ES TR, £
1.3 L REEE 17,

WSS HABRR IR 121 “C4MH 15 min J5 Bk
Ao [E CaCOs. Tzl MgCOs 75 K H R A K %

Higederh, HAmR LU g 0m A, £ pH 7E
7.0,
1.1.3  EBRUSRFIRH

Jt F AR 24 Sy 1 5 O3 A el s A A 3] s AL
B (HPLC) RAISEEEE /A H U-3000 (4
W% DG250 /NHY IR 4 T AE ¥ (Don Whitley
Scientific); 1.3 L A& [## (Eppendorf BioFlo/
CelliGen 115) .

12 H#%
121 ¥FH5REEFEME

W ol LR R P9 TR 2 A S8 AR o - B R
1rigifk, 37 CH:F: 15 h)m, % 8% (V/V) #Fhat
PR 44T 100 mL R BERTFRIL 0 = MPEHH (B
250 mL) Wit RRE, B 37 C. CO K RMA
Ji 48~60 h, HEAT=H)5HT -

1.3 L KE## (Eppendorf BioFlo/CelliGen 115)
R TIRA LB, MR 0.8 L, B5FRFEA4rFl =
A BEME . S 8% (VIV), KEEHE
37 °C, fEHEEEE 150 v/min, WM 100% CO,,
WA AN 0.2 mL/min.
1.2.2 Gririile g5 ik

AP E . HPLC ¥, #{% Utimat3000,
kg, @354 AminexHPX-87H 300 mmx
7.8 mm, Wiz 5 mmol/L H,SO4, pH 2.5, H:ifd
45 °C, YEFEE 10 uL, Y 0.6 mL/min, 454N
K 210 nm.,

BRMEDZE : HPLC ¥, RATEAM SR 2246 0 2%
W AR 77k, 7R 22K 2B 50°C .

FEAALEE : R IERAEZ IR T 12 000 r/min 2.0
10 min, B b3, SREHFLAEN 0.22 pm B9 TCEEUE
it uk, & RORAH 63 (HPLC) Al A B T
TR R IRMR I

AW I A - R R TR R T 2 8 K R 3 >
58, fi Ageo fELAE 0.2~0.8 Z (8], FHEHMAT W4
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HEME (2172 g/, T =W/ W =2.85). AW
(18.43 g/L, T MR/ZTR=3.43); i LA %M A ik
P52 ) B R S (ODeeo=9.8) , H: Wk o H 5% IiE
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Fig. 1 Effect of different carbon sources on the
production of succinic acid.
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Fig. 2 Effect of different nitrogen sources on the
production of succinic acid.
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GiEaE T SRS I N F W L I S Sl T
Plackett-Burman i3 %% F 30 U £8 N-12 By it
XF 9 AERHATEE, HRE 2 DM
iR 25 RN R 24K LT R (g/L)
FFRME Y e, AR IR E 3 P17,

2.5 mREEEHKIRIE

e BENEH SR BT M g5 RNk 5 s, 4521
o, T R R AR 3 M, LS 3
FR A DAy ) 7 TR 552 36 PR 2R 7K B 0

% 1 Plackett-Burman & it 521E 5 £k F
Table 1 Factors levels of Plackett-Burman design

Plackett-Burman SZ50 4 11 2 ORIk 1, 5256 Code Variables L(e_‘{‘;l L(ivljl
WL 2, X% 2 #IT5ia0r, 4500 X, NaCl (g/L) 1.00 1.20
%3, X, Glucose (g/L) 40.00 50.00
“Prob>F"/NTF 0.05, KWK EZE . “Model X;  Yeast extract (z/L) 4.00 6.00
Prob>F"%5F 0.0093, FRUIBAZE M. KL, Xs  MgCO;(g/L) 40.00 50.00
A Y . EEREPE Y AR R B VR X T R MR Xs KH,PO, (g/L) 3.00 4.00
AELEWNZW, EdR 4 o, RMEET Xs MnCl, (g/L) 0.60 0.80
“Prob>F"/NTF 0.05 i 3 NHZE Xy Xa\ Xy (B2 X, CH;COONa (g/L) 1.00 1.20
B BRI R BRI ) R T M Xs  CaCl (g/L) 2.00 2.50
KRB E LN ER, Xo MgCl, (g/L) 2.00 2.50
% 2 Plackett-Burman iX 38 i& it RFER °
Table 2 Experimental design of Plackett-Burman and corresponding results
Run X, X, X; X4 Xs X X5 Xs Xo Y

1 1 -1 1 -1 1 -1 1 -1 1 29.37+0.41

2 -1 1 1 1 -1 -1 1 -1 1 30.18+0.33

3 1 1 -1 1 1 1 -1 -1 1 31.54+0.52

4 1 1 -1 -1 -1 -1 -1 1 1 30.13+0.27

5 -1 -1 -1 -1 1 1 1 1 1 32.39+0.31

6 1 -1 1 1 1 -1 -1 1 -1 30.8620.40

7 1 -1 -1 1 -1 1 1 -1 -1 32.09+0.18

8 -1 1 1 -1 1 1 -1 -1 -1 31.14+0.44

9 -1 -1 -1 -1 -1 -1 -1 -1 -1 29.24+0.25

10 -1 -1 1 1 -1 1 -1 1 1 28.73+0.32

11 -1 1 -1 1 1 -1 1 1 -1 30.39+0.27

12 1 1 1 -1 -1 1 1 1 -1 28.99+0.36

a: each value is an average of three parallel replicates.

http://journals.im.ac.cn/cjben
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Table 3 Univariate analysis of variance

Source Degree(gf':t;reedom Sum (Zg ;()mares Squl;/iza(rllvl . VaIl:ue Prob>E®
Model 9 12.68 4.23 9.67 0.0049
Error 2 3.50 0.44
Total error 11 16.17

b: values of “Prob > F” less than 0.05 indicate model terms are significant. The model F-value of 9.67 implies the model is
significant. There is only a 0.49% chance that a "Model F-Value" this large could occur due to noise?52],

F4 SEEHETMSEEEMC
Table 4 Parameter estimation and effects of different factors

Variables  Degree of freedom Coefficient estimate Standard error Prob>F Order
Intercept 1 12.68 0.19 0.0049 0
X 1 —-0.10 0.19 0.3645 9
Xy 1 8.09 0.19 0.0026 1
X3 1 2.26 0.19 0.0498 3
X4 1 2.33 0.19 0.0487 2
Xs 1 0.28 0.19 0.1379 4
X 1 -0.24 0.19 0.1568 6
X7 1 0.21 0.19 0.2100 7
Xs 1 -0.26 0.19 0.2263 5
Xy 1 —0.18 0.19 0.1419 8
c: values of “Prob > F” less than 0.0500 indicate model terms are significant. In this case X,, X4, X3 are significant model
terms.
%5 mBEMRKRWRITRER 26 NMAMNESHTEHEEERRNREKTE
Table 5 Experimental design of steepest ascent and 2.6.1 RARBHEZEKFEEIT
corresponding results i&Fil Box-Behnken [H1 /02283 1 E . DI
Run Glucose YE MgCO; v . o
(g/L) (g/L) (g/L) o B TE S S 8045 21 A4 H 0 2% Plackett-Burman 52
1 50.00 6.00 50.00 30.44+0.31 BHIER 3 DR FER R T & 3 K, AR
12 55.00 8.00 55.00 33.60+0.24 S Ig 2RI B RS 2N R KB U3 6 BT s .
3 60.00 10.00 60.00 36.89+0.40 2.6.2 SIS RER
4 6500 1200 6500 34814037 *E%Eﬂﬁﬁﬂﬂéz‘ﬁiﬂﬁiﬂ%ﬁﬁ? 3% 3K
5 70.00 14.00 70.00 32.87+0.19 St 15 A4 TR N T AT, T e HE M A
6 75.00 16.00 75.00 25.78+0.28 W T,15 /I\ﬁtz}/\\ﬁ.j\jpﬁﬂe , —REWHE A,
Y E: yeast extract. ;j\: 12 /I\ _WE? ,\(ftw/\ﬁ\ 13, 14, IS)ﬂSIIZiEﬁ
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%6 MR RIS HKT = 7 Box-Bohnkon iX I & it RFL R
Table 6 Factors and levels of response surface Table 7 Experimental design of Box-Bohnkon and
central composite design corresponding results
Variables Level Run X, X, X5 Y
Low Center High
Cod Fact 1 -1 -1 0 36.78+0.27
ode actors (71) (0) (+1)
X;  Glucose (L)  55.00  60.00  65.00 2 -1 1 0 34.98+0.36
X5 Y E (g/L) 8.00 10.00 12.00 3 1 -1 0 46.28+0.41
X3 MgCO; (g/L) 55.00 60.00 65.00 4 1 1 0 44.70+0.25
Y E: yeast extract. 5 0 1 . 43262034
\ = N Sl N -1 1 22+0.4
o, EEEE 3%, AFEHITHARNIRE. ¢ 0 38225047
" N sy . 7 0 1 -1 40.68+0.26
PR 7 IR R, LUT RS Y (5
e i 4 s 8 0 1 1 36.00+£0.23
Wi IS, RE A S HEA T [0 43, 3R PR X6 el i
9 -1 0 -1 35.45+0.34
{EL Y 52 W) A) 45 2 40K 7 B . Y=45.92+5.25X,~
10 1 0 -1 47.56+0.40
1.02X,-1.93X3-2.35X,°-2.88X,°-3.50X57+0.06 X, X,—
0.36X,X3+0.09%X,X5. 11 -1 0 1 33.30+0.33
PsE Z A RP=0.9884, 61 )y R (9 845 BE AR 21 0 ! 43.97+0.19
U7, T LU [ R AR B S I 7 4 B AT b0 0 13.96:0.27
N N v Vo . 14 0 0 0 46.23+0.35
O3 A RR A5 ZE A ik 2 M, — IR —
oo B B s o 15 0 0 0 45.56+0.31
URIGURS W 87 EL ) S 00 2+ o3 2 Y, S8 B 5%
Mel AN B R, e PR 5 e (R AN R e M SE &R
R O VT S A 7 ) 22 00T, 2R AR 8. £ 8 Box-Bohnkon I HEHDIFER
£ 8 Wl EMMaE KW, “Model Prob>F” Table 8  Univariate analysis of variance of
S5 0.0003 3E/NF 0.05, PEHRR R G Box-Bohnkon experimental
Term DF SS MS F Pr>F

WA N . TeE BEC R KT 0.9, £ UL AE 51t
B BAT v A DG ST ZEAR IR, R?=0.9884,

Model 9  343.180  38.130  47.15  0.0003

. T X 1 220500 220.500 272.66  0.0001
FWUAEARF] 2% 00T 77 A8 S R %A :
X, 1 8360 8360 1034  0.0236
RIS
S 3 i - X5 1 29880 29.880  36.94  0.0017
P& TE % i AEE— b T 52 1y SORL 3000 e 7 {7 R 4 56
N X ol e B . XX, 1 20410 20410 2523  0.0040
ZEOKFRZR T ER, @ FE Lokl R
- ‘ N Xi*X, 1 0.012 0012 0015 0.9074
Ao 17 TR R IR, 4 R DL IR 4~6., F TR R B
AT AL RO e e R E Y Xi*X; 1 0520 0520  0.64  0.4597
bIER 2l ) =4 1 IO e M
il AR AR . X,*X, 1 30.640  30.640  37.89  0.0016
HE R 47.59, AR X,=2.00. X,=—0.16.
flivHH AR X, 2 X*Xs 1 0.032  0.032 0.04  0.8492

— 2 A e Y T =} N
X5=-0.38 B3 2 R 1y 70g/L, B U e X3%X;3 1 45.120 45.120 55.80 0.0007
JER 9.2 g/L, BaUIRBREEMRE N 58.1 g/L, LT Lack

. 3 4.040 0.810 11.19 0.0831
TRRUE R 47.59 g/L. of fit

http://journals.im.ac.cn/cjben
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R e BE AR AL DL I 7. T R R e 4t R M
47.64 g/L, T "FRIFHEN 68.06%, FIHM(E
BOEIR IO AR BT, 6 W [0 5 R RE 06 HL AR LS
J52 e 45 i 1 R 30 T R KR A S

Succinic acid (g/L)

4 BHEBMBSRERMRENT ZBR~EZM0
B4 i) JSZ TED

Fig.4 Surface layer of the mutual-affection of glucose
and yeast extract concentraction on succinic acid yield.

B 6 EEEHENYMBREZEREXNT B2
B M) [ TE

Fig.6 Surface layer of the mutual-affection of yeast
extract and magnesium carbonate concentraction on
succinic acid yield.

Succinic acid (g/L)

70 -20
T —=— Succinc acid 118
=2 60+ —e— Acetic acid
&t —— Glucose 116
% 50 —o— ODy, 114 ~
S 0] Jizg
5 HEMEFIREREIKREX T ZBR =8 5 00 AY g g | 110 %
FEE ! 18 £
Fig.5 Surface layer of the mutual-affection of glucose % 20 16 'C%
and magnesium carbonate concentraction on succinic 5% 10 I {4
acid yield. i 12
0- : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
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