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Production of 2, 3-butanediol and succinic acid by
Salinivibrio YS
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Abstract: The production of 2, 3-butanediol and succinic acid by a moderate halophile under anaerobic condition was
investigated. This halophile, termed Salinivibrio YS, was isolated from the solid samples collected from Aydingkol Lake. Based on
the single factor experiment, the parameters and their values for the production were obtained. Then, the optimum values of these
parameters by the orthogonal experiments were obtained: temperature, 33 °C; initial pH of fermentation, 8.0; the pH during
fermentation, 7.0; the concentration of acetic acid was 3 g/L and NaCl was 10 g/L. Finally, a 3-L fermentation based on these
conditions was carried out. After 108 h of fermentation under anaerobic condition, 35.05 g/L of 2, 3-butanediol and 22.46 g/L of
succinic acid were obtained. About 50% of total glucose conversion was achieved. The study on 2, 3-butanediol and succinic acid by
a halophile under anaerobic condition will expand the applications of halophiles and open a new area of production of 2, 3-butanediol
and succinic acid.
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BEHMR (Succinic acid) X &4 T R, & =&
2 78 P 1 v ) 7 ), R IR AR Y A ) 2
— 2 f oy —Fh AL TR, BREARRTE B 24
DL R TG PR S AT A % T RS, A
B, T2 BEmR £ 2R E s A e, (HiX—
T o TG gt TR] 2 8 A ity 9 5T ok R ke
PRI 5 AT 5 — ol m ) P B LTS e i A
FEOTIEI AR SR B W e T T A R SR EA R LR
A HLIR K B OF 58 0 AT BRI . 3R I R £ T
Actinobacillus succinogenes™ . 7 38 31 1% & ¥ i1} 14
Mannheimia succiniciproducenst® . 7= 3% 172 [K 4 12
I Anaerobiospirillum succiniciproducenst™ il K iz 1
1 Escherichia coli®& H R 5t i 2 (1 3R HIRR A 7=
W o BRI, H ETFR I A i A 7 B AR 1 A U B
i, Ak T m = o B

2,3-T _F% (2,3-butanediol, 2,3-BD) | #ZJHTF
T B AL R 4, 2,3- T iy
BB CERTTVERAR . ISR BR LS
K= 1,3-T Ml JHT6 g i . SRR AR
e 5 P iR T A S R R 0 5 2
it I S Jot S K AR 1T A 7 s s Y 2,3-
T EE AT s as . KL EZEN L BB B
e, BEIEF . KEZY S 2 TR R R

LR 2,3-T ZEEE N T Y 5 SR K22 e 4E
500t, H:rpdGaEr 100~200t, HAG, EAHMEY
RWEEAT 2,3-T R ab T A - BB, MR
BN, HAYRS 2,3- T B AT AT A 457
Ras Fpk 2 280as , WAFG AT Rp2k & e ims . PR,
R 2,3-T ZBEA R . R K 1 4
. AR ST,

WEE: MY (Halophiles) J&—2&7F— W E L
(NaCl) Wl iER A1, H kB R A K AT 451
T, AV AE & 10% ~20% 8 U531
KRB v 3 g R AR ) (9 B A K NaCl

WS 0.5~2.5 mol/L, MVFZ & Ehvlk B i IR 5
HER AT DLy B A B — B U . RO A )
H TR 8 A B SR AR fRARR Y, ZE T, BT
£ At L SR 5 S5 AT ELAT A B I FH AR 5
VER— BSR4 2,3-T =
BEFNBEHINR , LAt DR B A s 2 7 3 R v ) AR
A5 I AR AL T — o 4 B B

ARG 1 R — Ak v B8 PHB 1 b BE g R 1
Salinivibrio YS, TEJRA TR 2,3-T ZFEFI3E
HIRR, 08 T Wbt T, A & e
7= 2,35 T RN B FRR BB 1) S

1 HHETE

1.1 EMEERE
1.1.1

A5 T T TR A by A% 512 30 % DA 8 S TR A
(1) 4 R4y B I — R T B R PHB 9 BV R TR
22 %58 J& T Salinivibrio J&, fiv4% 4 Salinivibrio YS.
W ol AR KR A 30 °C, pH M 8.0, NaCl ¥
JEh 60 g/L, WIiMAZE M 10~250 g/L.

1.1.2 AR FLE TR A

WUk LB ¥iFR B4 (9/L) 4n°F: NaCl 50,
BERHRHCY) 5, HEMR 10, pH o4 8.00 FEHUMIA I
SLH R RS EE LB KRR AL, fE 37 CHE
KA 200 r/min ¥53% 12 h,

MM-G 5353 (g/L): NaCl 60, MERFZH 1,
#7585 30, (NH,4),S0,2, MgS0,0.2, KH,PO, 1.5,
Na;HPO412H,0 9.65, &t 1 10 mL/L FIf &
TR 1mL/L, H, fdEcs [a9& (g/L): Fe
(IT)-NH,-citrate 5, CaCl, 2, HCI 1 mol/L; & It&
I £3 7 (mg/L): ZnSO,7H,0 100, MnCl,-4H,0 30,
HsBO; 300, CoCly6H,0 200, CuSO,5H,0 10,
NiCl,-6H,0 20, NaMoO,-2H,0 30, HCI 1 mol/L.
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1.2 A&7/ 23-T ZEEMIRMBR K HMRL
121 PR FE AR

LI MM-G i 3e B Fe i, 08 & SHR L,
K25 264 R =t B, ARG IR A6 1F F B bk AR
772,3- T TRERIBE IR Y BRI Ak 1F . RS EOT IR
BHE (F L), BAKMEERE 3 APATRE, BEIK
Z 4100 mL, 4r#7E 500 mL =fAkei, fEmhh
N 5% (VIV); Kigwskfth 37 °C (RIEBERRSLN) $2
IR E B FE 72 h,
122  EXHAY

DL pH fE . NaCl ¥R | 7% Bk B2 S as nsfl &
MRVERHZE, WELHEME (£ 2), #TIELR
5 (% 3), WA EX 2,3-T ZEEMBEIm A ™
IREIR , AR E e 2 Bl 2. L MM-G 3537
B, 1633 CAMT#EEF 72h,
13 ABEFRERABERE

R H2 I S S0 458 55 1, R 6 L & R e
(Bioflo 3 000, NBS, &) #FA7Hk & #M k& B
KA 2,3- T ZEEMIEIMR . KK RA 3L, K
T2 29) B 155 35 3 R Be B MM-G 5357 35 . 2R 3 g/L,
2 REE I 2 g/L, NaCl 10 g/L, #ZiHuk & N
80 g/L, HAMAYE MM-G B ; Fl 7l
P LB BE IR, BRI 109% (VIV). KK
k. JRBE 33 °C, &hn pH AT & 8.0, 1M LB
6] pH BE%E N 7.0, %% (Dissolved oxygen,DO) #
BN 10% , AR PR AR, B AK 50 r/min, &
f5 200 r/min, B, AMEHEFEESA 100 mL 600 g/L
O A, 2 R IR A A B e AR T 20 g/L
HEAT AR
1.4 #NFAZE
1.4.1 24T #(CDW)#90 &

PR IG SR 45 R sl R eI, L 25 mL BT
50 mL &5.04 1, 8 000 r/min 250> 10 min YL A
SRIG B FKMEE 1K, FRKRE O KA RIR 40
JIAE—80 CUKAH R ¥R 1 h, SRIGFER B 2 5&F F vk
BT fEE, Mg TE,
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1.4.2  ERCIRHT G IEKHPLC) A2 A 5 W AL LR

K2 tsp 2\ F) Spectra & 51 HPLC Y %5 &
G5, F A PLER B 1 A o B A I 4 45 55 AN A Fh
AHLEE . 3% 4 14 . Bio-Rad Aminex® HPX-87H
(7.8 mmx300 mm) 434 ; i 0.50 mL/min; #E ik
BEE M 40 °C; RIK I £ F Range=4; #EAE M 10 uL;
WA : 5 mmol/L H,SO, % -

*1 ERRBSHREBE

Table 1  Factors and their gradients in shake flask
expriments
Factors Gradients

Temperature (°C) 30, 33, 37

Initial pH 6.0,7.0,8.0,9.0

NaCl concentration (g/L) 20, 40, 60

Acetic acid (g/L)* 3,5

Glucose (g/L) 30, 60, 90

*Acetic acid was used as a co-factor to enhance the production
of 2, 3-BD and succinic acid*".

*2 EXRBEARMER
Table 2 Factors and levels of orthogonal experiment
Initial pH Acetic acid (g/L) NaCl (g/L) Glucose (g/L)

Factor
B C D
1 6.0 2.0 10 60
2 7.0 4.0 20 80
3 8.0 6.0 30 100

#3 ExXREITXIE
Table 3 The assignment of orthogonal experiment
Initial pH Acetic acid (g/L) NaCl (g/L) Glucose (g/L)

A B C D
1 1 6.0 1 2.0 3 30 2 80
2 2 7.0 1 2.0 1 10 1 60
3 3 8.0 1 2.0 2 20 3 100
4 1 6.0 2 4.0 2 20 1 60
5 2 7.0 2 4.0 3 30 3 100
6 3 8.0 2 4.0 1 10 2 80
7 1 6.0 3 6.0 1 10 3 100
8 2 7.0 3 6.0 2 20 2 80
9 3 8.0 3 6.0 3 30 1 60
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2 BREpH

21 FERREMIER YSEFF2,3-T ZEEFIEIA
G S

30 CH&M PR E RSB, MM-G K575 pH
SRITRE, 4 HPLC #lll LiEHh & A 2,3-T B
BEIAMR, W] Salinivibrio YS 7EIR & &1 F ] FL R
2,3-T BRI .

MR 1 45 PRI 3R B O B R PR IR AR
ISCH, BEEESE 72 h, R4 NTRER, Hpst
B4l 2~12 BRER TS SRS, FER SR S S Al
1%, NS RATAIBE R - i 5 2,3- T ™ 5
Ak —FL
211 JRIEXS 2,3- T ERIGERIR A 7 HY R

30 ‘C#| 37 °C, Hikk CDW A —F (S2504H 1.
2. 3); 33 CHF, BEFHIRRA 2,3-T WA Bk E e,
I A TR (LR 2),

x4 ERIWML 23-T IBMBARESZXGER

2.1.2 &4 pH i H FIF 2,3- T ZEERIBERR R

Miklhh pH o 8.0 1, H =Y & wkm (B8
1), A SCERIGE , — MBI, & TRV e o
A2 5 A U LR, T D R B HILIR 7% it SR T
K, [ 2,3- T @ R m e, Wik, kKRR h
KRR pH T 2 8.0, KEEFEHNIEE N 7.0,
2.1.3  [MEE/Z NaCl 47T HHI = a9 4 7~

F#AIK NaCl ¥, CDW B4R ; miBEHifR fn
2,3- T AR EZFWIH AR (L8l 1. 9. 10), %
BB B A AT 2,3- T EEMBEAMR AR
2.1.4 IS RH BT HE == 194

AR FE O SCHR VR i — 23 35 P 7 5 L R A A
F2,3- T B ZEMNL 7 MM-G B33t inz
iz, SARIMCTRIXTIRAL (54l 1) HHEL, 35
FRAN 2,3-T - ¥y Wi, RWRmsma
B P B = L8, BN 3 g/L TN RIS =i
W& 7= TSN 5 g/l INFR o

Table 4 Optimization of the production condition of 2,3-BD and succinic acid in shake flask experiments

Assay No. Conditions Cell dry weight (g/L)  Succinic acid (g/L) 2,3-BD (g/L)
1 30 °C, initial pH 8.0, NaCl 60 g/L, Glucose 30 g/L, 1.71+0.09 2.50+0.19 6.75+0.31
2 33°C 1.75+0.03 3.39+0.03 9.15+0.43
3 37°C 1.74+0.05 3.18+0.29 7.74+0.13
4 Initial pH 6.0 1.58+0.05 1.79+0.03 5.67+0.15
5 Initial pH 7.0 1.64+0.04 2.23+0.11 6.65+0.24
6 Initial pH 9.0 1.39+0.02 2.20£0.01 5.80+0.17
7 Acetic acid 3 g/L 1.73+0.12 3.06+0.08 8.08+0.13
8 Acetic acid 5 g/L 1.69+0.22 2.99+0.14 7.94+0.09
9 NaCl 20 g/L 1.49+0.16 3.09+0.21 8.88+0.50
10 NaCl 40 g/L 1.65+0.08 3.01+0.03 7.96+0.07
11 Glucose 60 g/L 2.03+0.06 4.21+0.32 9.12+0.21
12 Glucose 90 g/L 1.91+0,16 3.19+0.05 8.32+0.27

*Ace is acetic acid
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2.1.5  HHHNS 2,3- T ZEERIBERIR L 7 15
IR KE TR P A S (g 1. 11, 12),
ME AR E N 60 g/L B, CDW. BEHIFR I 2,3-T
TR R . 22 HPLC A I, AR
30, 60 g/L WX EIHFESE, T 4 Mk B 90 g/L
B IR A R AR AR WA AW o 3% P 2 M A 2 o v
KEFFRILBBEE, KT 2,3- T ZBEFBEHIR AL
2, XA BUE T NaCl kiR sny45ie, Wik,
FIFEAIR NaCl e 32 [a] Asf 398 R 2l e B DA AR 35—
(BB, Blhn, FEE NaCl ¥ JE £445 10~20 g/L,
T 42 25 I A R BE 24 100 /L, B4R HEFRmba], W]
P H = e it
21.6 IEXIHABIERZILAIAL TS

Z3d 12 h ErE RS, 24 pH 4 6.0 B, Salinivibrio
YSIfRARK (35), HWMZERK, R pH X RkA
e B I ) LA AR TR RS e o TV N 770 & 1R R

®5 EXTUHERESM
Table 5 The results of the orthogonal experiment

A B C D
Assay No. Analysis
pH Acetic acid NaCl Glucose
1 1 1 3 2 0.00
2 2 1 1 1 13.55
3 3 1 2 3 17.51
4 1 2 2 1 0.00
5 2 2 3 3 8.27
6 3 2 1 2 17.82
7 1 3 1 3 0.00
8 2 3 2 2 6.15
9 3 3 3 1 13.05
k1 0 31.06 31.38  26.60
k2 27.97 26.09 23.66 23.97 ;2?5'
k3 48.38 19.20 21.32 25.78
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NaCl ¥ — M2, LIRUREEZ)h 2~4 g/L, NaCl
W R 10~20 g/, HEGHEXT AN (£ 5).

25 G B DR B A B0 25 SR D B OE 3 i e A
W, Btk Salinivibrio YS B2 2,3-T Tl AIHE A
BREY 45 4 . TR 33 °C, NaCl 10 g/L, #2#A pH
8.0, EJHF pH K EN 7.0, WA BEWKEL R
100 g/L.

22 AREEMAILIEF 2,3-T ZEFNIRIARR

RIS, 1T 3 L KRR R EE925 ,
TER B ST KB 108 h. Bl A& BEm ] RS
CDW FEAZERAE 2~3 g/, MiBEFIRRM 2,3-T j%
FIE W LT, (HE 80 h 5, FrEmeERE, o
REJE W K B R T bk — PR (A
1), 108 h 5, BRHIMR & ik 225 g/L, 1M 2,3-T
TSRO 35.1 g/l (1), WAL R 2,3-T —
P RS FATR 1) S G L2 2 50% .

Bk Salinivibrio YS eG4 K B2 AF R ]
BRHIR A 2,3- T Zf%, (H[n 0 AL R B A= AR+
JE IR G R . L, SR ZER ST TR FIZ R iR
F R —FE S R, Pl RESER ER  E, f
e 2,3-T R =&,

AW ST ORI FH 8 8 B AE IR U A R AR ™ 2,3-
T BRI, xR rRE LR Salinivibrio YS 4
77 2,3- T ZEERBE IR Y A 04T T Ak, whE 4
HZ MK, RIEE 33 °C, #ih pH N 8.0, &
fEid 72 pH R 7.0, ZBRUSINEA 3 g/L, NaCl ik
10 g/l BETIXEESRAFHAT 3 LK R R BEUR
R, 25 108 h A & BE, 2,3- T By ™= &)
ik 35.05 g/L, JUHZIFIAMIMY & ik 22.46 gL,
HH BRI R IR 2 50% . ABFFS 4 T v ELTE
MR, N EY) R B 2,3- T ZREMIBR HIR 4
LT B L
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Fig. 1 Results of fermentation by Salinivibrio YS under anaerobic condition.
[5] Mckinlay JB, Zeikus JG, Vieille C. Insights into

REFERENCES

[1] Zeikus JG, Jain MK, Elankovan P. Biotechnology of succinic

(2]

(3]

[4]

acid production and market for derived industrial products.
Appl Microbiol Biotechnol, 1999, 51(5): 545-525.

Zhan XB, Chen S, Zheng ZY. Recent development in
metabolic engineering for production of succinic acid
by Escherichia coli. Chin J Proc Engin, 2007, 7(4):
840—-846.

Ebedt, Brix, FBK. KRG A = 3230 iR i AL
TR R, O T2, 2007, 7(4): 840-846.
Zhang HX, Luo HF, Zhuang XL. Research process in
production of succinic acid by fermentation. Microbiol
China, 2003, 30(5): 102—106.

Uk, B, RS, BRI KBRS IE R, R
Y124, 2003, 30(5): 102—106.

Wang QZ, Wu W, Zhao XM. Market analysis for
bioconversion of succinic acid and its derivatives. Chem
Ind Eng Prog, 2004, 23(7): 794-798.

EIRME, S8, B A Akt B R 30 FR B LAY
AP EIRTEAT. A TERE, 2004, 23(7): 794-798.

(6]

[7]

(8]

[l

[10]

[11]

Actinobacilus succinogenes fermentative metabolism in a
chemically defined growth medium. Appl Environ
Microbiol, 2005, 71(11): 6651-6656.

Lee SW, Lee SY, Song H, et al. The proteome of
Mannheimia succiniciproducens, a capnophilic remen
bacterium. Proteomics, 2006, 6(12): 3550—-3566.
Cotelesage JJ, Prasad L, Zeikus JG, et al. Crystal structure
of PEP
carboxykinase reveals an important active site loop. Int J
Biochem Cell Biol, 2005, 37(9): 1829-1837.

Vemuri GN, Aristidou AA. Metabolic engineering in the

Anaerobiospirillum succiniciproducens

-omics era: elucidating and modulating regulatory
networks. Microbiol Mol Biol Rev, 2005, 69(2): 197-216.
Zhang G, Yang G, Li C, et al. Research progress of 2,3-
butanediol production by biological method. China
Biotechnol, 2008, 28(6): 133-140.

KRNI, oL, 2k, . EEE TS 2.3- T ZRETF T
. P A TREZAE, 2008, 28(6): 133-140.

Syu MJ. Biological production of 2,3-butanediol. Appl
Microbiol Biotechnol, 2001, 55(1): 10-18.

Ma CW, Du T, Sun YQ, et al. Study on production of

Journals.im.ac.cn



1748

ISSN1000-3061 CN11-1998/Q

Chin J Biotech

December 25, 2011 Vol.27 No.12

[12]

[13]

[14]

2,3-butanediol by bioconversion method. Fine Special
Chem, 2006, 14(15): 15-18.

Dk, fE, NS, . EgRERAEA 23- T2
BERBIESE. K405 L AL, 2006, 14(15): 15-18.
Quillaguaman J, Guzman H, van-Thuoc D, et al. Sythesis
and production of polyhydroxyalkanoates by halophiles:
current potential and future prospects. Appl Microbiol
Biotechnol, 2010, 85(6): 1687—-1696.

Pei LP, Luo HP. Extremophiles. J Capit Norm Univ: Nat
Sci Ed, 2003, 24(1): 48-54.

My, M. OmBUEYER IR, ERRIM I AR
H SRFL 24 ML, 2003, 24(1): 48-54.

Liu HQ, Zhang LF, Han B, et al. A review on new progress
in the studies of halophilic bacteria. J Xinjiang Norm
Univ: Nat Sci, 2005, 24(3): 84-88.

X oo, ORI, B, S5 EERW R OISR R RE. B

[15]

[16]

[17]

[18]

SRR 224 A ARBH#IR, 2005, 24(3): 84-88.

Liu TH, Zhou PJ. Halophiles. Microbiol China, 1999,
26(3): 232.
XUBRDL, JASE B, B RUAEY. MUY Em Rk, 1999
26(3): 232.
Wolfe RS. Microbiology and biochemistry  of
methanogens. Experientia. Basel: Birkhduser Verlag,

1980, 36: 1434-1446.

Ji XJ, Zhu JG, Gao Z, et al. Research progress in
production of 2,3-butanediol by fermentation. Modern
Chem Ind, 2006, 26(8): 23-27.

aefR, REE, Sk, 5. MUEWRBEEAT 23-T
TEERIRT SR, BT, 2006, 26(8): 23-27.

Garg SK, Jain A.
2,3-butanediol: a
51(2/3): 103-1009.

Fermentative production of

review. Bioresour Technol, 1995,

REOREDREDRIDR DR IR IR LD R LR LR LR EDIREDIREIREDIR DR DR LD R IR DR LR LR LD R LR KR KD

A H - & %R 5l
kT4 Jie Ar i ol fi A
GE Healthcare /A7 H K H WA R il WL
FEEYTRE (RE) ARAF E2 BRI R TR Wt
JEHT sk [ B RS AE M BOR A IRTHE A A W B SRR IRy A R ] Mt
IEETFHCE R A BR A T I

Journals.im.ac.cn




