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Breeding Actinobacillus succinogenes with
Acid-tolerance by Genome Shuffling

LIU Xuan ZHENGPu ~ NIYe DONG Jin-Jun SUN Zhi-Hao

(Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University,
Wuxi, Jiangsu 214122, China)

Abstract: A strain Actinobacillus succinogenes CGMCC 1593 was selected as the parent strain. After
UV-EMS and UV-DES treatments respectively, seven mutated strains with subtle improvements in acid tol-
erance were obtained, and were subjected for recursive protoplast fusion. Through three rounds of genome
shuffling, four shuffled strains with both higher yield and acid tolerance were obtained. The shuffled strain
namely F3-21 could even survive at pH 5.2. The comparison of the shuffled strains and the parent strain for
succinic acid production was also studied here. After 48 h of shake-flask fermentation, the succinic acid
concentration of F3-21 was 48% higher than that of the parent strain. When F3-21 was carried out in a 5 liter
stirred bioreactor with pH controlled 5.6~6.0, the accumulation of succinic acid in 48 h fermentation attained
38.1 g/L, which was increased by 45% compared with that of the parent strain (26.2 g/L). While pH was
controlled at 6.5~7.0, the production of succinic acid in 32 h fermentation attained 40.7 g/L. When F3-21
was carried out in fed-batch fermentation, succinic acid concentration of 67.4 g/L was reached in 72 h fer-
mentation. These results indicated that the genome shuffling could improve the acid tolerance and the suc-
cinic acid production of A. succinogenes CGMCC 1593.

BE&WE: 863 (No. 2006AA02Z235); (No. BK2005201);
(No. IRT0532)
*@il{E&: Tel: 86-510-85918252; D<: zhengpu@jiangnan.ed.cn
Wis B #3: 2009-03-30; #S HHJ: 2009-06-01

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



1677

Keywords: Genome shuffling, Actinobacillus succinogenes, Acid tolerance, Succinic acid

, cinogenes) CGMCC 1593,

1998 (18]
Maxygen Stemmer DNA shuffling 1.1.2 BHE: : TSB 25 g,
o, 99, 1L, pH , 1 x 10°Pa 15 min;
——Genome shuffling( pH : TSB 25 g, 9g, 209,
) 1L,1x10°Pa  15min ,
) pH 5.6; - TSB
2002 ,Zhang 25, 99, 0.01g, 1L,
pH 5.6, 1 x 10°Pa
(Streptomyces fradiae) Patnaik ™ 15 min: [161. ; 103 g,
: K,S0, 0.25 g, MgCl,-6H,0 2.02 g,
5 pH 3.8 2mL, TSB 25 g, 9g¢, 800 mL,
Lactobacillus rhamnosus 209, 1 x 10°Pa 15 min,
s KH,P0,(0.5%) 1 mL/100 mL, CaCl,-2H,0(3.86%)
1 Bacillus subtilis 7] 10 mL/100 mL, TES (pH 7.2) 10 mL/100 mL;
[8] , , 6 g/L;
[17]
“ 1.1.3 FEiRKH: PB(Phosphate
” , buffer, ): 103 ¢, K;SO, 0.25 g,
, MgCl, 6H,0 2.02 g, 2 mL,
800 mL, 1 x 10°Pa 15 min,
KH,P04(0.5%) 1 mL/100 mL, CaCl,-2H,0
(3.86%) 10 mL/100 mL, TES (pH 7.2) 10 mL/
, 100 mL; : 0.1g 10 mL PB
; 10 mg/mL ,
, 4°C ; PEG :4.44 g PEG
3 6000 10 mL PB ,
: el 1.2 FH&
(Actinobacillus succinogenes) 1.21 GHigAZE: 1)
CGMCC 1593 pH ,
[10] ,
0, 37°C 12h 2)
pH , , 100% CO, 37°C
pH 48 h
6.7 , [12.13] , 1.2.2 FTHEE: 1) - (UV-
, EMS) : CGMCC 1593
241 , (8000 r/min,
10 min), 2 mol/L pH 7.2 2
1 MREFE , 10 mL :
11 #H 20 s '
1.1.1 = (Actinobacillus suc- EMS 2%(VIV), 37°C 30 min,

http://journals.im.ac.cn/wswxtbcn

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



1678 Mg ae 2009, Vol.36, No.11
2% , [19]
0.1 mL pH , 37°C i
3d~5d 2) - (UV-DES) 2 #HFREWR
) 2.1 TEIETFHRA pH #BE
pH DES EMS CGMCC 1593 pH
, DES 1 1 ,
0.8%(VIV), 20 min pH 56 CGMCC 1593
1.23 RERKBH &: , 0.027 pH 54 |
10 mL 4°C 8000 r/min 10 min,
) pPK;
, PB 2 5.64, pH 5.6
, 37°C 30 min 6000 r/min e ke s
_ 2.2 EFBMBAIFIEEERTFIE
10 min ’ PB ’ CGMCC 1593 EMS
-DES , 2 pH
1.24 HERFEHWA: 38 ' 7
5 min  55°C 5 min g i
0.5 mL , 6000 r/min i i
10 min, 0.1 mLPB 0.9 mL PEG ) 2.0 =S
37°C 5 min, ,
. 37°C 3d-5d 4] ]
[18] =yl
’ 0.54
37°C 12h i 1 -
1 7.0 68 6.6 64 62 60 58 56 54
F1 1 (F1) oii
, 1 3% CGMCC 1593 £A[E pH BT & EFEP M
F2 3 EKIER
. ' . Fig. 1 Effect of pH on growth of A. succinogenes CGMCC
1.25 REFYHI: 1593
25 i i i +
Im
- M _ -

Succinic acid (g/L)

N

- H
n
=

CGMCC1593

L3 r?x-s-l l.rlnfl._; oo OI’\D—N o

[afalaYalafalaYaWTunan

35 afalafal
o e i e :D

Strains

2 UV-EMS #1 UV-DES BT ff ik 5 R
Fig. 2 Selection results of UV-EMS and UV-DES mutation

http://journals.im.ac.cn/wswxtbcn

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



1679

UE-7 UE-10 UE-12
UE-16 UD-6 UD-11 UD-15,
CGMCC 1593 12.3%

23 RERKHFIE. BESMSE

PEG

[20-23]

1

*1 RERKHEBERMERERGHBE

Table 1 Optimum conditions of protoplasts production,
regeneration and fusion

Item Condition
Lysozyme concentration 0.1 mg/mL
Preparation con- : - .
dfitem Enzymolysis condition 37°C 30 min
Heat inactivation 55°C 25 min
Inactivation con- . . A .
afiiiam Ultraviolet inactivation 5 min
PEG concentration 40%
Fusion condition PEG fusion condition 37°C 5 min

0.3 mol/L
Osmotic stabilizer

Double-lay plate

Fusion plate
1
, 99.8%  9.8%,
100%, 2.78x10°°
24 EEHBMA
241 =R EFAMAEFRKELE: 3
3 , UE-7 UE-10 UE-12 UE-16
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24 5
F1 F1-6 F1-13 F1-17 F1-18
F1-19, 16.1%  F1
2 : 22
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24.8% 3 ,F3 4
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Fig. 3 Comparision of the mutant and parent strains for
succinic acid production
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Fig. 4 Comparision of the mutant F3-21 and parent strains
for acid tolerance at different pH
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48 h, 26.2 glL, 20.4 g/L, 6 ,
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67.4 g/L
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Fig. 5 The time courses of the batch fermentation of CGMCC 1593(a) and F3-21(b) under lower pH
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Fig. 6 Time course of cell growth and production of succinic acid in batch(a) and fed batch(b) fermentation
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225%  pH 6.5~7.0 ,
F3-21 40.7 g/L, 81.4%,
( 33.2g/L, 68%)
22% 19% , F3-21
67.4 g/L
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