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Strain Screening for Bioconversion of Glycerol to Lactic
Acid and Optimization of Culture Medium

HONG An-An"? CHENG Ke-Ke* SUN Yan? CHEN Zhen!
PENG Feng' LIU Can-Ming'* LIU De-Hua**

(1. College of Science, Hunan Agricultural University, Changsha, Hunan 410128, China)
(2. Department of Chemical Engineering, Tsinghua University, Beijing 100084, China)
(3. Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract: A strain, Escherichia coli AC-521, which could efficiently covert glycerol to lactic acid, was iso-
lated from soil samples. A series of morphological and biochemical characteristics and sequence analysis of
16S rDNA reveal that it belongs to Escherichia coli. Through orthogonal experiment of L16(4%), the opti-
mum medium compositions were determined as initial glycerol 70 g/L, yeast extract 4 g/L, peptone 7 g/L,
(NH4),S0, 10 g/L, and K,HPO, 2.5 g/L. The 5L fermenter fed-batch fermentation was performed under op-
timal conditions, giving 74.5 g/L lactic acid with a yield of 0.87 mol/mol glycerol after 80 hours.
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1,3-
[6-8]
, 195.5 g/LY
(Klebsiella),
(Clostridia) (Lactobacillus)
[10-12]
19 g/L, 0.15 mol/mol
1 MBS
1.1 SRE#MH
10 ,
12 ERFH
121 BEHE: 50 g,
20g, 3.0 g, NaCl 3.0 g, K,HPO, 2.0 g,
60.0 g, 15.0 g, 0.4% (pHS5.2 -pH
6.8 )2mL, 1L, pH 7.0
5.0 g, 20 g,

3.0 g, K,HPO, 2.0 g, 60.0 g, 15.0 g,
1% 2 mL, 18 g, 1 L, pH
7.5

5.0 g, 20 g,

3.0 g, KLHPO, 2.0 g, 30.0 g, 1L,

pH 7.0
5.0 g, 20 g,
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3.0 g, K;HPO4 2.0 g, 60.0 g, 1L
5.0 g, 2.0 g,
3.0 g, K;HPO, 2.0 g, NaCl 3.0 g, 20.0 g,
18.0 g, 1L, pH7.0
, 1x10° Pa 20 min

122 EffkBiESR: 100 mL
250 mL , 2% (W/W) CaCoO;,

, 40°C, 150 r/min,

48 h

1.2.3 MERFMRIESR: 37°C 24 h
1.3 FHBRFEENFEAE
lg
, 48 h
48 h, 3
, 2% (W/W)  1x10° Pa

30 min CaCOs,

[14]

>

14 EHMEE
141 HEHEII:
( BD ) API20E (
), [15]
1.4.2 ‘HEFEEK DNA BIIREL: [16]
1.43 35|4: 16S rDNA , :
A: 5'-AGAGTTTGATCCTGGCTCAG
-3, B: 5'-GGTTACCTTGTTACGACTT-3’
1.4.4 16S rDNA ERE#Y) PCR # & F1 F: PCR
: 50 uL ddH,0 22 uL,
10xPCR 15 pL, 2.5 mmol/L dNTPs 5 pL,
0.5 pmol/pL A B 05uL, DNA 2 uL,
Taq DNA 5 uL PCR
: 94°C 5 min; 94°C 60 s, 50°C 2 min, 72°C
3 min, 30 ;72°C 10 min
, 1.4 kb

1.45 16S rDNA EEFEF LI 5 #:
521 16S rDNA ., NCBI

© FEMERMEDARTEATIEES4IELF http://journals. im. ac.cn


http://dict.cnki.net/dict_result.aspx?searchword=Clostridia&tjType=sentence&style=&t=%e6%a2%ad%e7%8a%b6%e8%8a%bd%e5%ad%a2%e6%9d%86%e8%8f%8c
http://dict.cnki.net/dict_result.aspx?searchword=Clostridia&tjType=sentence&style=&t=%e6%a2%ad%e7%8a%b6%e8%8a%bd%e5%ad%a2%e6%9d%86%e8%8f%8c

1197

1.5 SHAE

: 600 nm
(OD),
(CDW) 20 mL ,
(12000 r/min, 10 min), s
80°C (HPLC)
(

) : HPX-87H
65°C; 0.005 mol/L H,SO,, 0.8 mL/min;
RID-10A )

20 uL
1.6 KREFRESIH
,37°C 12h ,
500 mL , 100 mL 37°C,
200 r/min 5L
(B. Braun Bplus 5 L) , 4 L,
2% 40°C, 300 r/min,
0.5 vvim pH
6.5 20 h~60 h,
20 g/L
2 SRR
2.1 BERIFIE
10 .
33
9
HPLC , 521"
, 72h
34.2 g/L, 0.84 521%
, AC-521

2.2 H#kAC-521 HIKE
2.2.1 H#k AC-521 BIFLASYFAE: ,
0.8 mm~1.2 mm

> ]

(37°C, 24 h) , ,
222 ¥k AC-521 B TBAE LI R
AC-521 , ,

TSI
HZS: s
(ATCC 25922)

(Escherichia coli)

, 1 ,
AC-521 E. coli 99%
AC-521 ,

,  ATCC 25922
2.2.3 HE#k AC-521 #7 16S rDNA ERHF5 L4
#r: DNA, A B
AC-521  16S rDNA , 1463 bp
16S rDNA 16S rDNA

x1 EBEUETELER

Table 1 Results of morphological and biochemical
identification

. AC-521 . AC-521
Characteristics Characteristics
+
Arginine Dihydrolase Glucose
Lysine Decarboxy- = Methyl Red
lase
py — aF
Citrate Sucrose
Colistin B Urea -
. + . -
Sorbitol Amygdalin
VP
Galactoside VP-Experiment
D-
+ +
Indole Test D-Fructose
Ornithine Decar- - Gelatin Hy- -
boxylase drolysis
Glycine-Proline - Inositol -
B- ) + . aF
B-Galactosidase Arabinose
- i - +
Phenylalanine N1tr? te Redue
tion Test
- — aF
Tryptophan Decar Rhamnose
boxylase
+ +
Mannitol Lactose
HzS <
Hydrogen Sulfide Acetate
.y + . -
Melibiose Oxidase
= +
Glutamate Maltose

s+ ;= .
Note: +: Positive reaction; —: Negative reaction.
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NCBI(National Center for Biotechnology Information) 3
( GenBank, No. FJ178002), Table 3 Results of orthogonal experiment and range
Clustal X analysis
, 1 , AC-521 E. coli , The con-
AC-521 E. coli , 99%, A B C D E centration
of lactic
16S rDNA , acid
. (g/L)
AC-521 E. coli, ) 1 ) ) 1 ) 278
E. coli AC-521 2 1 2 2 2 2 30.5
Seratia marcescens 3 1 3 3 3 3 32.1
. i 4 1 4 4 4 4 32.0
Yersinia pestis
5 2 1 2 3 4 37.1
Proteus vulgaris 6 2 2 1 4 3 37.5
Klebsiella pneumoniae 7 2 3 4 ! 2 327
8 2 4 3 2 1 30.5
Shigella dysenteriae 9 B 1 3 4 2 6.3
AC-S21 0 3 2 4 3 1 33.8
11 3 3 1 2 4 36.4
Escherichia coli 12 3 4 D) 1 3 35.8
Salmonella choleraesuis 13 4 1 4 2 3 37.5
. . 14 4 2 3 1 4 33.2
Citrobacter freundii 15 4 3 ) 4 | 405
Enterobacter cloacae 16 4 4 1 3 2 38.4
Ky 30.600 34.675 35.025 32.375 33.150
Hafnia alvei
| K, 34450 33.750 35975 33.725 34.475
Erwinia amylovora K; 35575 35.425 33.025 35.350 35.725
. o . » Ky 37.400 34.175 34.000 36.575 34.675
1 E# AC-521 ERATEM TR RE L B0 R4 6.800 1.675 2.950 4.200 2.575
Fig. 1 Phylogenetic position of strain AC-521 in : : : : :
Enterobacteriaceae
15 N A4B3C2D4E3
2.3 E#k AC-521 REEFLERBYIEF EML
E. coli AC-521 , . R N ] o
2.4 HEMR AC-521 & EEH A 7= FLBR 8Ttk
(NH.),S0, E RS
K,HPO,, L16(4°) ,
[17,18] 2 5L
3 , 2 ,
3 , 5 6 h~44 h R
A4B;C,DyE;, 16 s 1.09 g/L-h, 1.67 g/L-h,
A4B3C2D4E3, 42.2 g/L, 44 h S
*2 EXLIIKIT L16(4) ’ ’
Table 2 The L16(4°) orthogonal experimental design AC-521
(A) B (D)K,HPO, ’ >
®) (C)(NH").ZSO" potassium  (E) 1.3-
Yeast ammlczn:um phosphate  Glycerol ’ ’
Level extract Pep/tone Szlg/i)e dibasic (g/L) ) 5 )
(e/L) (g/L) (g/L)
1 1 3 8 1 50
80 h 74.5 g/L,
2 2 5 10 1.5 60
3 3 7 12 2 70 087, 0.93 g/Lh 60 h
4 4 9 14 2.5 80 , 7.2 g/L
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—o— Succinic acid -o- CDW ~14
80 1 -+ Lactic acid - Ethanol
70 4 —h— Glycerol

- Acetic acid
60 —< 1,3-propanediol
501

o‘o’oo 0 —0 O
40-

30
20 1
10 1
0 -

CDW (g/L)

Lacetic acid, Succinic acid, Glycerol,
Acetic acid, 1,3-propanediol, Ethanol (g/L)

2 Btk AC-521 By E LA R BRI 72
Fig. 2 Time course of glycerol fed-batch fermentation by E.
coli AC-521

, 1,3- 42¢g/L,2.1¢g/L
E. coli , 3-
(DHAP), ) )
D-/L- (19
( NADH) ;
[20]
3 ik
33
, 72 h
342 g/L, 0.84,
16S rDNA s (E.
coli), E. coli AC-521
70 g/L, 4g/L, 7 g/L,
) , 5L
R 80 h
74.5 g/L, 0.87,
0.93 g/L-h, E. coli AC-521

2 % X M
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