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Research progressin production of 2,3-butanediol by Saccharomyces
cerevisiae engineering strains

HUANG Shou-Feng', PEI Fang-Yi', WANG Chang-Li', PING Wen-Xiang"* GE Jing-Ping"*"

(1. Key laboratory of Microbiology, College of Life Sciences, Heilongjiang University, Harbin 150080, China; 2. Ministry of
Education and Engineering Research Center of Agricultural Microbiology Technology, Harbin 150500, China)

ABSTRACT: 2,3-Butanediol (2,3-BD) is a compound of significant importance which has an extensive
application in the fields of food, cosmetics, medicine and transport fuel. Thus it has being a hot topic about how
to improve the 2,3-BD yield in the world. The utilization of renewable resources by microbial fermentation to
produce 2,3-BD has been continuously focused on and great advancements have been made by researchers as
an alteration of traditional chemical synthesis. Most bacteria such as Klebsiella.sp and Bacillus.sp used as
2,3-BD producers can make full use of renewable resources to produce 2,3-BD efficiently. However, most of
Klebsiella.sp and Bacillus.sp are considered as potential pathogenic which is not suitable for a large-scale

production of 2,3-BD. To this end, Saccharomyces cerevisiae is a competent alternative microorganism in terms

EeWA: (31570492) (31270534) (31470537)

(2012td009)
Fund: Supported by Natural Science Foundation of China (31570492), Natural Science Foundation of China (31270534), Natural Science
Foundation of China (31470537), Science and Technology Innovation Team of Colleges and Universities of Heilongjiang Province
(2012td009)
*BIES: , , E-mail: gejingping@126.com
*Corresponding author: GE Jing-Ping, Professor, Key laboratory of Microbiology, College of Life Sciences, Harbin 150080, China. E-mail:
gejingping@126.com



10

2,3-

3929

of the security and the demand for industrial production. This paper reviews the relevant research all over the

world. The advantages and disadvantages of S. cerevisiae as 2,3-BD producer, the metabolism and synthesis

routes of 2,3-BD, the directions of enhancing the 2,3-BD yield by S. cerevisiae and key factors to produce

2,3-BD with high efficiency, high quantity and high yield by S. cerevisiae engineering strains using metabolic

engineering are introduced in detail.
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1 3|

il

M 23-

[2.3]

2,3-

2,3- ,
[4-6]

[71

[8]

[9]

2,3-

1,3-

2,3-

2,3-

2 EREBESEEA 2,3-T ZERIEHE Z B

, 2,3-

[10-12]

(a-acetolactate synthase/a-ALS)

o- , O~

2,3-

NADH

, a- (a-acetolactate

decarboxylase/a-ALDC) o-

02 , O-
(DAR, )
(PDCs) s PDCs
, (butanediol
dehydrogenase/BDH) 2,3-
2,3- , / )
(131, , pH , a-ALS,
a-ALDC, DAR BDH s
273_ s
[14-16] , a-ALS
0, . 2,3- ,
-CoA, -CoA s
NADH , -CoA (7191
2,3-
CO,
(PEP) s , PEP  PEP
[20,21]
(GPD) R NADH
: 3- (GPP) :
[22-24]

s

3 FIMERBEEE 2,3-T ZENMBFTE

31 FIAERBEESYE 23T BB
2,3- 5



3930
% b
NADH NAD™
b 2. — ¥A = - ;L) i -3 - 7]
‘H€;§;3 Agigzsﬂ oo Hih -3 -8R
GPD2
alsS
ILv2 CO,
M e f ~
TR R R a-LBEALER Hh
e
PDC1| \s co o,
PDC5 W7k budA
PDC6 CO, | ADH
PDC5 BDHI
PDC6
NAD® NADH |, NAD+/ pudc
z.8 — = zm > L P> 237w
+
ADH3 NADP ™ ppcs NADH  NAD'
ADH5 ALD6 PDC6
NADH
Y

1

Fig. 1
[25,26].
[27].
[28-30]
[31,32]
[33]
s (MVA) s
0.68 mg/L 44.13 mg/L,
[34]
2,3-

2,3-

2,3- (2

Metabolic pathways of 2,3-BD production from glucose by Saccharomyces cerevisiae

32 FIMERERESES 23T _EHTE

) 2,3-
233' s
s 4%~10% ,
2.3- 2.3-
; 2,3-
; 2,3-
s 233'
3 [21], a- o-
3- ( 2,3-
, a-ALDC,
253- s
, (PDCs)
[23]
2,3-

b}

4 FIRERERBSE 2,3- T Z MU 5

2,3- R



10 , 2,3- 3931
) pdc—
, 2,3- , (HXT¥)
s s mthl
s GPDI , mthl pdc”
50% GPD2 [43-43]
, 40% GPDI  GPD2 , ,
, 7 [35]
, 2,3- , 2 NAD" 2 146] pdel  pdes
, 2 1 , ,
, BDH , 1 1 24.85 g/L (471 pdc ,
2,3- , 1 NAD" , 66.4 g/L,
NAD" , , ,
1 NAD" , 74.83 g/L
2,3- , ,
NADH , , 2,3- 2,3-
[36] ,
GPDI , 2,3- , 2,3- ,
. 2,3- ,
4.85g/LE738, 2,3- , 2,3-
, , 2,3- 2,3-
ADHI, ADH3  ADHS5 ,
, , 2,3-
2,3- Ng!' GRAS ,
2,3- 20, 2,3- ,2,3- ,
,  2.3- , 2.29g/L (2R,3R)- ) ,
, 2,3-
(PDCs) PDCs (9] el , 2,3
3 , pdcl pdcS >
pdcé, pde2, Maryam BDH
s pdcl pdcS > » 2,3-
, 332g/L Lian BV BsalsD
, , 2,3- mthl pdc’ s s
2,3- 100g/L Kim Y
, PDC (pdc— ) 2,3- alsS  alsD pdc—
, pde™ (C2) ; : » 2.3
, c, , pde 96.2g/L ,
, -CoA, 2,3-
, pdc
pdc— 5 E tﬁ
, NADH
[40-41] ., NADH 2.3- ,
, NADH , 2,3-
NAD", pdc™ , ,
NADH

s

[42] mthl



3932
2,3- ) , 2,3-
2,3-
> 2,3-
s 273'
2,3- > >
2,3- ;
2,3- )
2,3-
2,3-
2,3-

SE

(1

Celinska  E, Grajek W. Biotechnological  production  of
2,3-butanediol-Current state and prospects [J]. Biotechnolog Adv, 2009,
(27): 715-725.

s s , . 2,3-

[J]. ,2011, 11: 94-99.

Zhao GW, Liu JJ, Li CS, et al. Analysis of bottleneck factors in
2,3-butanediol production by microbial fermentation [J]. Shandong Agric
Sci, 2011, 11: 94-99.

, , , - 2,3- [31.

,2011, 28 (6): 25-28.

Jiang LQ, Guo F, Fang Z et al. Research of 2,3-butanediol production by
microbial fermentation [J]. Chem Biol Eng, 2011, 28 (6): 25-28.

s > s 2,3-
[J1. ,2011, 3: 143-146.
Liu DL, Zhang YC, He LF, et al. Research development of 2,3-butanediol
production by biotransfomation method [J]. Food Eng, 2011, 3: 143-146.

5 s , . 2,3- [31.

,2011, 10(1): 200-208.
Dai JY, Sun YQ, Sun LH, ef al. Research development of a Bio-based
chemicals: 2,3-butanediol [J]. J Process Eng, 2011, 10(1): 200-208.
2,3- [D]. : ,2008.
Zhao SM 2,3-butanol production by microbial fermentation [D]. Wuxi:
Jiang Nan University, 2008.
Biebl H, Zeng AP, Menzel K, et al. Fermentation of glycerol to
1,3-propanediol and 2,3-butanediol by Klebsiella pneumonia [J]. Appl
Microbiol Biotechnol, 1998, 50: 24-29.
) > . 2,3- (Y ,

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

2012, 11(24): 2268-2276.
Fu J, Wang M, Liu WX. The newest development of 2,3-butanol
production by biological method [J]. Chem Progress, 2012, 11(24):
2268-2276.

) . [J].

,2005, 17(2): 353-357.

Li DK, Zhang DC. Current research status of alcohol production from
sugar fermentation by Saccharomyces cerevisiae [J]. Chin J Microecol,
2005, 17(2): 353-357.
Ehsani M, Fernandez MR, Biosca JA, et al. Reversal of coenzyme
specificity of 2,3-butanediol dehydrogenase from Saccharomyces
cerevisae and in vivo functional analysis [J]. Biotechnol Bioeng, 2009,
104: 381-389.
Pronk JT, Steensma HY, VanDijken JP. Pyruvate metabolism in
Saccharomyces cerevisiae [J]. Yeast, 1996, 12: 1607-1633.
Ng CY, Jung MY, Lee J, et al. Production of 2,3-butanediol in
Saccharomyces cerevisiae by in silico aided metabolic engineering [J].
Microb Cell Fact, 2012, 11: 68.

> s . 2,3- : [31.

,2010, 12(22): 2450-2461.

Ji XJ, Nie ZK, Li ZY, et al. Biological manufacturing of 2,3-butanediol:
retrospect and prospect [J]. Chem Progress, 2010, 12(22): 2450-2461.
Cheng KK, Liu Q, Zhang JA, et al. Improved 2,3-butanediol production
from corncob acid hydrolysate by fed-batch fermentation using
Klebsiella oxytoca [J]. Process Biochem, 2010, 45: 613—6.

s s .. 2,3-

[J1. ,2013, 34(2): 351-360.

Shen MQ, Ji XJ, Nie ZK, et al. Biological manufacturing different
spatial configuration of 2,3-butanediol: synthesis mechanism and
implementation method [J]. Chin J Catalysis, 2013, 34(2): 351-360.

[J1. ,2014,30(3): 368-380.
Zhao XQ, Zhang MM, Xu GH, et al. Molecular mechanisms of acetic acid
tolerance in functional genomics of Saccharomyces cerevisiae [J]. Chin J
Biotechnol, 2014, 30(3): 368-380.
Han SH, Lee JE, Park K, et al. Production of 2,3-butanediol by a low acid
producing Klebsiella oxytoca NBRF4 [J]. N Biotechnol, 2013, 30:
166-172.
Nicholson WL. The Bacillus subtilis ydjl (bdhA) gene encodes acetoin
reductase/2,3- butanediol dehydrogenase [J]. Appl Environ Microbiol,
2008, 74: 6832-6838.
Maddox IS. Microbial production of 2,3-butanediol [J]. Weinheim: VCH
Verlagsgesellschaft mbH, 1996: 269-291.
Gottshalk G. Bacterial metabolism [M]. New York: Springer-Verlag, 1986.
Magee RJ, Kosaric N. The microbial production of 2,3-butanediol [J]. Adv
Appl Microbiol, 1987, 32: 89-161.

- , .23 1. , 2011,
30(5): 1069-1077.
Song YQ, Yun Z, Li Q, et al. Fermentation production of 2,3-butanediol
[J]. Chem Progress, 2011, 30(5): 1069-1077.
Gonzalez E, Fernandez MR, Marco D, et al. Role of Saccharomyces
cerevisiae oxidoreductases Bdhlp and Aralp in the metabolism of acetoin

and 2,3-butanediol [J]. Appl Environ Microbiol, 2010, 76: 670-679.



2,3- 3933

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

ALD4
,2010.
Cao LY. Research of ALD4 knockout and GPDI gene silence

GPDI [DI. ,

Saccharomyces cerevisiae [D]. Fuzhou: Fujian Normal University, 2010.

s . [J]. , 2004, 8(2):
106-109.
Tang XS, Zhang XW. Saccharomyces cerevisiae expression systems [J].
Life Sci Res, 2004, 8(2): 106-109.
Yu B, Sun JB, Bommareddy RR, et al. Novel(2R,3R)-2,3-butanediol
dehydrogenase from potential industrial strain Paenibacillus polymyxa
ATCC 12321 [J]. Appl Environ Microbiol, 2011, 77: 4230-4233.

» > o [J1.

,2012, 45(23): 4873-4882.
Song YB, Ma J, Li L, et al. Research strategy of Saccharomyces cerevisiae
in post genomical era [J]. Sci Agr Sin, 2012, 45(23): 4873-4882.
> , s [J].
,2013, 4: 80-87.
Zhang Q, Lin Y, Peng ZC, et al. Reviewed key technology of Yeast
performance optimization [J]. Liquor-making Sci Technol, 2013, 4: 80-87.
[D]. ,
,2012.
Zheng DQ. The comparison of functional group study and genetic
breeding of Saccharomyces cerevisiae [D]. Hangzhou: Zhejiang University,
2012.
[J]. ,2005, 7: 29-35.

Zhou SS. Genes
Liquor-making Sci Technol, 2005, 7: 29-35.

improvement of Saccharomyces cerevisiae [J].
[J].
,2013, 1: 112.
Zhang Q.Construction and application of genetic engineering
Saccharomyces cerevisiae[J]. J Food Sci Biotechnol, 2013, 1: 112.
Ofuonye E, Kutin K, Stuart DT. Engineering Saccharomyces cerevisiae
fermentative pathways for the production of isobutanol [J]. Biofuels, 2013,
4:185-201.
[D].

,2013.
Liu JD. Key problem analysis of monoterpene production by Metabolic
engineering saccharomyces cerevisiae [D]. Wuxi: Jiangnan University,
2013.

, 5 . [J1.
, 2005, 38(3): 516-522.
Yang J, Li CY, Wang YY, et al. Computer analysis of protein group
secreted by Saccharomyces cerevisiae [J]. Sci Agr Sin, 2005, 38(3):
516-522.
GPD2 [D].

,2013.
Huang GY. Effects on ethanol fermentation by industrial Saccharomyces
cerevisiae with the deletion of GPD2 genes [D]. Guangzhou: Jinan
University, 2013.
Magee RJ, Kosaric N. Microbial production of 2,3-butanediol [J]. Adv
Appl Microbiol, 1987, 32(89): 89-161.
Ida Y, Furusawa C, Hirasawa T, et al. Stable disruption of ethanol

production by deletion of the genes encoding alcohol dehydrogenase

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

isozymes in Saccharomyces cerevisiae [J]. J Biosci Bioeng, 2012, 113(2):
192-195.
de Smidt O, du Preez JC, Albertyn J. The alcohol dehydrogenases of
Saccharomyces cerevisiae: a comprehensive review [J]. FEMS Yeast Res,
2008, (8): 967-978.
Kim SJ, Seo SO, Jin YS, et al. Production of 2,3-butanediol from xylose
by engineered Saccharomyces cerevisiae [J]. ] Biotechnol, 2014, 192:
376-382.
Cambon B, Monteil V, Remize F, et al. Effects of GPD10Overexpression in
Saccharomyces cerevisiae commercial wine yeast strains lacking ALD6
genes [J]. Appl Enviro Microbiol, 2006,7(72): 4688—4694.
Kim SJ, Seo SO, Jin YS, et al. Production of 2,3-butanediol by engineered
Saccharomyces cerevisiae [J]. Bioresour Technol, 2013, 146: 274-281.
Flikweert MT, de Swaaf M, Van dijken JP, et al. Growth requirements of
pyruvate-decarboxylase-negative Saccharomyces cerevisiae [J]. FEMS
Microbiol Lett, 1999, 174: 73-79.
Van Maris AJA, Geertman JMA, Vermeulen A, et al. Directed evolution of
pyruvate- decarboxylase negative Saccharomyces cerevisiae, yielding a
C,-independent, glucose tolerant, and pyruvate-hyperproducing yeast [J].
Appl Environ Microbiol, 2004, 70: 159-166.
Oud B, Flores CL, Gancedo C, et al. An internal deletion in mthlenables
growth on glucose of pyruvate-decarboxylase negative, non-fermentative
Saccharomyces cerevisiae [J]. Microb Cell Fact, 2012, 11: 131.
Tokuhiro K, Ishida N, Nagamori E, et al. Double mutation of the PDCI
and ADHI genes improves lactate production in the yeast Saccharomyces
cerevisiae expressing the bovine lactate dehydrogenase gene [J]. Appl
Microbiol Biotechnol, 2009, 82: 883-890.
[D].

,2011.
Deng XH. Pyruvate accumulation by directional transformation of
Saccharomyces cerevisiae [D]. Tianjin: Tianjin Science and Technology
University, 2011.

BY5419 [D].
s ,2010.
Wang ZK. Directed evolution of pyruvate production and reconstruction of
coenzyme engineering in Saccharomyces cerevisiae BY5419 [D]. Jinan:
Shandong University, 2010.
s s . 2,3-

[J]. ,2014, 12(3): 79-86.
Zhang Z, Li LX, Ma CQ. Progress and prospects of 2,3-butanediol
production fermented by Bacillussp. [J]. Chin J Bioprocess Eng, 2014,
12(3): 79-86.
Maryam E, Maria R, Fernandez, et al. Engineering of 2,3-Butanediol
Dehydrogenase To Reduce Acetoin Formation by Glycerol Overproducing,
Low-Alcohol Saccharomyces cerevisiae [I]. Applied Environ Microbiol,
2009, 10(75): 3196-3205.
Lian JZ, Chao R, Zhao HM. Metabolic engineering of a Saccharomyces
cerevisiaestrain capable of simultaneously utilizing glucose and galactose
to produce enantiopure (2R,3R)-butanediol [J]. Metabolic Eng, 2014, 23:
92-99.

(FTiE% 4 G itfd)



BEE K, 5L, TEMREE
AMEEEEM.

RTF#, MLHMRE, TBHRGE E-mail: gejingping@126.com

AMEMEREFLSHA,
E-mail: 358285150@163.com

‘KM IESPEARERRAR" EHEIERS

113 ”

, 2015 11

¢

2015 11 10
E-mail
gRAR:
: www.chinafoodj.com

E-mail: jfoodsq@126.com
(R ouZ M ERNFIRY %N



