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Metabolic evolution of Lactobacillus pentosus for lactic acid production
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Abstract: High costs are the bottlenecks of traditional lactic acid fermentation process using glucose and starch as
raw material. Production of lactic acid from raw glycerol, a byproduct of biodiesel, can significantly decrease the
costs of fermentation. Therefore, there is a need to overcome the disadvantages of low cell growth rate, biomass of
strains, as well as low productive rate and yield of lactic acid. In this work, metabolic evolution of Lactobacillus
pentosus R3-8 screened by our group was carried out by adding high concentration raw glycerol and lactic acid.
The 60th generation evolved strain using raw glycerol, tolerated 130 g« L™ raw glycerol, with 1.23 folds
enhancement of biomass. The 50th generation evolved strain using lactic acid can tolerate 20 g « L™ lactic acid
with 18% increase in biomass. The growth curves of 60th generation evolved strain using raw glycerol cultivated
in 5 L bioreactor indicated that the lactic acid concentration, yield and productivity were 45.0 g« L™, 0.989 g » g*
and 0.47 g+ L™ « h™", respectively. Fed-batch cultivation of 60th generation evolved strain using raw glycerol
achieved 83.8 g « L™ lactic acid, which was two folds of batch cultivation with the same strain.
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Fig.1 Growth curves of YG strains in medium of different raw glycerol concentrations
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Fig.2 Growth curves of YG strains in medium
containing 130 g * L™ raw glycerol
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Fig.3 Growth curves of YL strains in medium containing different concentrations of lactic acid
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Fig.4 Growth curves of strains in medium containing
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Fig.5 Time curves of batch cultivation of evolved strains(fed-batch cultivation)
%1 RENEUERE SIS B R (5)HiF Lactobacillus pentosus R3-8 13z f&
Table 1 Batch cultivation of evolved strains WeEdae, AT IRBEEEIN R REKFRIR
Fig5  So St X Time Lac  Yms Qe Bk, T B RACH L A AR A A

(a) 55.4 12.6 2.59 96 431 0974 045
(b) 58.0 14.4 253 96 441 0982 046
(c) 54.8 10.9 2.62 96 450 0989 047
(d) 55.9 12.7 2.50 96 439 0979 046
(e) 56.3 14.3 2.60 96 421 0986 044
) 54.6 26.0 3.22 220 83.8 0978 043

Note: (a) Y-0; (b) YG-30; (c) YG-60; (d) YL-30: (e) YL-60; (f)YL-60
(fed-batch cultivation).
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(RIS, Rt LAJE SEBTF TR BB S U o] S0+ T B A A I
AR HA KK

5 B W

Lac — KB A BRI ALERIRIE, g+ Lt
Qr FUER A E 7%, ge L e bt
S ——REELE AR H Ik, g+ L
So —— KEEVIUEH IS, g LT
Time — KRBT [E], h
X —— KRB o R R KA T =, g- L
FLERSTH LR, g« g™

Yeris
References

[1] Basha S A, Gopal K R, Jebaraj S. A review on biodiesel production,
combustion, emissions and performance [J]. Renew Sust. Energ. Rev.,
2009, 13: 1628-1634.

[2] Lin L, Zhou C, Saritporn V, Shen X, et al. Opportunities and
challenges for biodiesel fuel [J]. Appl. Energ., 2011, 88: 2020-1031.

[3] Rasal R M, Janorkar A V, Hirt D E. Poly (lactic acid) modifications
[J]. Prog. Polym. Sci., 2010, 35 (3): 338-356.

[4] Mazumdar S, Clomburg J M, Gonzalez R. Escherichia coli strains
engineered for homofermentative production of D-lactic acid from
glycerol [J]. Appl. Environ. Microb., 2010, 76 (13): 4327-4336.

[5] Hong An’an (#:%%¢), Cheng Keke (F£7]T), Sun Yan (#h#), Chen
Zhen (1), Peng Feng (i2#), Liu Canming (XIiliH), Liu Dehua
(XII4#4E). Strain screening for bioconversion of glycerol to lactic acid
and optimization of culture medium [J]. Microbiology China (544
3@ 1R), 2009, 36 (8): 1195-1199.

[6] Hong A A, Cheng K K, Peng F, et al. Strain isolation and optimization
of process parameters for bioconversion of glycerol to lactic acid [J].



%5 8 i

T Rl LB R LA A kA

+ 3203 -

[’

8l

[0

[10]

[11]

[12]

[13]

[14]

J.Chem. Technol. Biot., 2009, 84 (10): 1576-1581.

Tian Kangming (FH3#), Zhou Li (J& ), Chen Xianzhong (FRRikE),
Shen Wei (JL1#), Shi Guiyang (i 5tFH), Suren Singh, Lu Fuping (%
#°F), Wang Zhengxiang (F IE#f). Temperature-switched high-
efficiency D-lactate production from glycerol [J]. Chinese Journal of
Biotechnology (ZE#) 72 274k), 2013, 29 (1): 111-114.

Tian Kangming, Chen Xianzhong, Shen Wei, Bernard A Prior, Shi
Guiyang, Suren Singh, Wang Zhengxiang. High-efficiency conversion
of glycerol to D-lactic acid with metabolically engineered
Escherichia coli [J]. Afr. J. Biotec., 2012, 11 (21): 4860-4867.
Hofvendahl K, Hahn-Héagerdal B. Factors affecting the fermentative
lactic acid production from renewable resources [J]. Enzyme Microb.
Tech., 2000, 26 (2): 87-107.

Zhang Xueli (3%%4L). Twenty years development of metabolic
engineering—a review [J]. Chinese Journal of Biotechnology (444
TFEE4R), 2009, 25 (9): 1285-1295.

Christensen B, Thykaer J, Nielsen J. Metabolic characterization of
high- and low-yielding strains of Penicillium chrysogenum [J]. Appl.
Microb. Biotec., 2000, 54 (2): 212-217.

Madison L L, Huisman G W. Metabolic engineering of poly
(3-hydroxyalkanoates): from DNA to plastic [J]. Microbiol. Mol. Biol.
Rev., 1999, 63 (1): 21-53.

Park J H, Lee K H, Kim T Y, et al. Metabolic engineering of
Escherichia coli for the production of L-valine based on
transcriptome analysis and in silico gene knockout simulation [J].
Proc. Natl. Acad. Sci. USA, 2007, 104 (19): 7797-7802.

Jarboe L R, Grabar T B, Yomano L P, Shanmugan K T, Ingram L O.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Development of ethanologenic bacteria/Olsson L. Biofuels [M].
Berlin: Springer, 2007: 237-261.

Zhang Xueli, Kaemwich Jantama, Moore J C, Shanmugam K T,
Ingram L O. Production of L-alanine by metabolically engineered
Escherichia coli [J]. Appl. Microbiol. Biot., 2007, 77 (2): 355-366.
Kaemwich J, Zhang Xueli, Moore J C, Shanmugam K T, Svoronosand
S A, Ingram L O. Eliminating side products and increasing succinate
yields in engineered strains of Escherichia coli C [J]. Biotech. Bioeng.,
2008, 101 (5): 881-893.

Kaemwich J, Haupt M J, Spyros A Svoronos, Zhang Xueli, Moore J C,
Shanmugamand K T, Ingram L O. Combining metabolic engineering
and metabolic evolution to develop nonrecombinant strains of
Escherichia coli that produce succinate and malate[J]. Biotech.
Bioeng., 2008, 99 (5): 1140-1153.

Lee SJ, Lee DY, KimTY, Kim B H, Lee J, Lee S Y. Metabolic
engineering of Escherichia coli for enhanced production of succinic
acid, based on genome comparison and in silico gene knockout
simulation [J]. Appl. Environ. Microbiol., 2005, 71: 7880-7887.
Glassner D A, Datta R. Process for the production and purification of
succinic acid [P]: US, 5143834. 1992.

Meynial-Salles 1, Dorotyn S, Soucaille P. A new process for the
continuous production of succinic acid from glucose at high yield,
titer, and productivity [J]. Biotech. Bioeng., 2007, 99 (1): 129-135.
Zhao Geng (% Hk). Study on the production of lactic acid by
bioconversion of waste glycerol [D]. Quanzhou: Huagiao University,
2010.



