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Abstract: [Objective] Heterofermentative lactic acid bacteria (LAB) can convert fructose to manni-
tol efficiently using the intracellular mannitol dehydrogenase enzyme, but fructose as a substrate is
relatively expensive and not suitable for industrial production. In order to reduce cost, inexpensive
substrates must be selected. Sucrose, abundantly in nature, is relatively cheap and can be used by re-
combinant Escherichia coli to produce mannitol. Sucrose hydrolase and mannitol dehydrogenase are
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the key enzymes to convert sucrose into mannitol. This paper was focused on the construction of su-
crose hydrolase and mannitol dehydrogenase co-expression strain. [Methods] The target genes SacA
and mdh, 1 502 bp and 1 032 bp respectively, were derived from the Lactobacillus plantarum and
Lactobacillus buchneri. The genes were cloned into the expression vector pET-28a(+), resulting in
the generation of the recombinant expression vector pET-28a-sacA-mdh, which was transformed into
the E. coli BL21. The expression of the target protein was analysed by SDS-PAGE and the enzyme
activity measurement. [Results] SDS-PAGE showed that the molecular weight of the expressed pro-
tein was 55.1 kD and 37.8 kD, respectively, which was consistent with the expected molecular
weight, demonstrating the expression of genes sacA and mdh. The enzyme activity of sucrose hy-
drolase and mannitol dehydrogenase was 25.78 U/mL and 14.56 U/mL, respectively. The concentra-
tion of mannitol reached 45.19 g/L and the conversion was 37.66% after optimizing the fermentation
conditions. [Conclusion] Compared with the mannitol production by LAB fermentation using su-
crose, the yield was increased six-fold, with the advantages of short fermentation period and high
stability. The successful construction of recombinant strain laid the foundation for the industrial pro-
duction of mannitol.
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(Lactobacillus plantarum)

BL21(DE3) DH5a
pET-28a(+)
1.1.2 EFEFMEFEEME: MRS (g/L)
10 10 5 20
2 5 2
0.50 0.05 80 1 mL pH 6.2-64
37°C
LB (g/L) 10
5 10 pH 7.0 20g
37°C 200 r/min
50 mg/L
1.1.3 X5 (IPTG)
(TEMED) (Kanamycin)
| (NADH) Sigma
Tag DNA dNTPs
Solution | BamHI Sacl
Hind III TaKaRa DNA
DNA DNA
PCR

1.2 A%

1.2.1 EYIAFHEFNHERIATEEE L DNA #IH
% DNA ( )
DNA (8]

122 PCR # i .
Lactobacillus plantarum (sacA
GenBank ID CP006033.1 locus tag Lpl6 0171)
Lactobacillus buchneri
(mdh  GenBank ID CP003043.1
LBUCDO034 2338)
1

GenBank

locus_tag

Lactobacillus plantarum

P1 P2 sacA
(100 mg/L) 1 uL P1
P2 (10 umol/L) 1 uL. dNTPs

DNA
DNA
(10 umol/L) 1 puL

(2.5 mmol/L) 5 uL  10xBuffer 5 pL. Taq (5 U/uL)
0.5uL ddH,0 36.5 uL 50 uL
95°CS5min 94°C45s 58°C45s 72°C90s
30 72 °C 10 min
Lactobacillus buchneri

DNA P3 P4 mdh

DNA (100 mg/L) 1 uL P3
(10 pmol/L) 1 pL P4 (10 pmol/L) 1 uL dNTPs
(2.5mmol/L) 5 uL 10xBuffer 5 uL Taq (5 U/uL)
0.5 uL ddH,0 36.5 uL 50 uL
95°C5min 94°C45s 56°C45s 72°C 1 min

30 72 °C 10 min

%=1 PCR &N5|4)

Table 1 PCR primers

Primers Genes Sequences (5'—3") Restrictions Sizes (bp)
P1 SacA CGCGGATCCATGATATGGAATCGTAAAACC BamH I 32
P2 SacA CGAGCTCTCATTTAATTTTGGTTTCATTG Sac [ 29
P3 mdh CGAGCTCATGAAAGCACTCGTATTTACTGG Sac [ 30
P4 mdh CCCAAGCTTTGGCTGGCGGTTTCCTCATTATTTT Hind III 34

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



2185
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PCR
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Sac |

ori

Kan
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Hind 111
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1 EAFRTEE
Figure 1 The sketch map of recombinant plasmid
pET28a-sacA-mdh
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5 mL LB (

50 mg/L Kan) 37 °C 200 r/min
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ODgoo  0.6—1.0
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25 °C 6 h 4 °C 8 000 r/min

5 min SDS-PAGE

10%
5%
125 BEEEBIME:
(pH 5.3)
6 000 r/min 10 min
3s 4 s
30 min 55 Hz
[9]
[10]
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LC-MS LC-MS
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=90:10 ( )
(182.17 g/mol)
100—500
SIM
50 uL
127 EHEEHHTBEEABESHHRML:
pH
5 mL (50 mg/L) LB
37 °C 200 r/min 1%
50 mL (50 mg/L)
LB ODgpp 0.8
0.1 mmol/L  IPTG
(60 90 120 150 180¢g/L)
pH @0 50 6.0 7.0 8.0
9.0) 25°C @4 6
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120 g/L A
15 mL 520 g/L 0.1 mmol/L
IPTG 25°C 10h B
10 mL 520 g/L 0.1 mmol/L
IPTG 25°C 5h 5 mL 520 g/L
5h C 7.5 mL
520 g/L 0.1 mmol/L  IPTG 25 °C
5h 7.5 mL 520 g/L
5h D 5 mL 520 g/L
0.1 mmol/L  IPTG 25 °C
3h 5 mL 520 g/L 4h
5 mL 520 g/L 3h
4
2 HR50H

2.1 EEKBEAHEERIELRIERRLY
HERERE
DNA
1.2.2 Pl P2 P3 P4
PCR 0.8%

1.5kb 1.0kb DNA

PCR

bp

10 000
6 000

3000
2 000

1000

pMD19-T Simple Vector

PCR
GenBank sacA  mdh
(1502 bp Sucrose
hydrolase) (1 032 bp Mannitol
dehydrogenase) pET28a(+)
pET28a-sacA-mdh
pET28a-sacA-mdh  BamH 1  Hind III
2 500 bp
5500 bp pET-28a(+) PCR
(2
pET-28a(+)

22 BHHERARFRIEREES N
BL21(DE3)/pET28a-sacA-mdh

BL21(DE3)/pET-28a 37 °C
1% 50 mL
37 °C 200 r/min
ODgoo 0.6—0.8 IPTG (
0.1 mmol/L) 25°C 6h
(pH 5.3)
6 000 r/min 10 min
SDS-PAGE 3

BL21(DE3)/pET28a-sacA-mdh

2 E4HFEHL pET28a-sacA-mdh E§11 % PCR I8 3F 5k [E
Figure 2 Agarosegel electrophoresis of digesting recombinant vector with restriction enzyme and PCR analysis of
recombination plasmid
Note: M: 1 kb DNA ladder; A: 1-3: pET28a-sacA-mdh/BamH 1 /Hind III; B: 1-2: pET28a-sacA-mdh/PCR.
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kD kD
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45.0
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B3 ZEHFRIAR SDS-PAGE 417

Figure 3 SDS-PAGE analysis of protein in expression
Note: M: Protein molecular weight marker; 1-2: Recombi-
nant bacteria strains induced with IPTG; 3—4: Reference bac-
teria strains induced with IPTG.
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Figure 4 MS analysis of the fermentation product
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Figure 7 Effect of substrate concentration of mannitol
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