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production. However, Escherichia coli AFP111 cannot metabolize sucrose although it is a promising candidate for succinic

acid production. To achieve sucrose utilizing ability, we cloned and expressed cSCBKA genes encoding sucrose permease,
fructokinase and invertase of non-PTS sucrose-utilization system from E. coli W in E. coli AFP111 to generate a
recombinant strain AFP111/pMD19T-cscBKA. After 72 h of anaerobic fermentation of the recombinant in serum bottles, 20 g/L
sucrose was consumed and 12 g/L succinic acid was produced. During dual-phase fermentation comprised of initial acrobic

growth phase followed by anaerobic fermentation phase, the concentration of succinic acid from sucrose and sugarcane
molasses was 34 g/L and 30 g/L, respectively, at 30 h of anaerobic phase in a 3 L fermentor. The results show that the

introduction of non-PTS sucrose-utilization system has sucrose-metabolizing capability for cell growth and succinic acid

production, and can use cheap sugarcane molasses to produce succinic acid.

Keywords: Escherichia coli AFP111, non-PTS sucrose-utilization system, sucrose, sugarcane molasses, succinic acid
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Table 1 Primers used in this study
Primer name  Primer sequence (5'-3’)  Primer size (bp)
Forward CCGGTTGAGGGATAT 27
AGAGCTATCGAC
Reverse CTGTTGATCCGTTGT 25
TCCACCTGAT
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PCR DNA (E. coli W
) (200 ng/uL) 0.5 pL. (50 pmol/L)
1 puL dNTPs (10 mmol/L) 4 uL.  10%Pyrobest

II5 pL  Pyrobest DNA (2.5 U/uL)
1 pL  ddH,0 37.5 uL 50 uL
PCR 94 °C Smin 94 C45s
60 'C 45s 72 °C 4 min 30 72 °C 10 min
1.2.2
“A” 10xA-Tailing 5uL
dNTPs 4 uL.  PCR ( DNA
260 ng/uL) 10 uL A-Tailing 0.5 pL ddH,O
30.5 uL 50ul 72 C 20 min
“A
A pMD19-T
Solution I 16 C
pMD19T-cscBKA E. coli
AFPI111
LB 37°C 12h
Hind IIT
1.2.3
10 g/L

5 g/l NaCl5 g/L
25 30 100 pg/mL
3 g/L

Na,HPO4 12H,0 4 g/  KH,PO, 8 g/L
(NH4),HPO,4 8 g/l NH4Cl1 0.2 g/ (NH4),SO4
0.75 g/L MgSO04-7H,0 1 g/l CaCl,-2H,0 10.0 mg/L
ZnS0,4 7H,0 0.5 mg/L  CuCl, 2H,0 0.25 mg/L
MnSO,4-H,0 2.5 mg/L.  CoCl,-6H,0 1.75 mg/L
H;BO; 0.12 mg/L  Alx(SO4); 1.77 mg/L
Na;Mo04-2H,0 0.5 mg/L 16.1 mg/L
20.0 mg/L VB, 2.0 mg/L

25 30 100 pg/mL
1.2.4
-80 C
LB 5mL
LB 37 'C 200 r/min 1%
50 mL LB 500 mL
37 °C 200 r/min 6-8h
10%
20 g/L
CO, 2 min
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16 g/L

72 h
3L 10%
1.5L 3L
(BioFlo 110 fermenter New Brunswick Scientific

Co. Edison N.J.) 30 g/ 20%

NaOH pH6.8 37°C
CO,
0.5 L/min 20% Na,CO; pH6.6 37 °C
200 r/min 30 h
1.25
600 nm (Dry cell
weight DCW) ODg00
DCW (g/L)=0.4x0Dg0
(HPLC)
BP-100Pb™"
ddH,0O 0.4 mL/min

80 C Prevail
Organic Acid

25 mmol/L KH,PO,4 (pH 2.5) 1.0 mL/min

25°C 215 nm
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Fig. 3 Identification of pMDI19T-cscBKA by enzyme
digestion. M: DNA marker; 1: pMDI19T-cscBKA
digested with Hind TII.

Table 2 Anaerobic fermentation results of AFP111 and AFP111/pMD19T-cscBKA with sucrose

Strains DCW (g/L) Sucrose Glucose Fructose Succinic Acetic  Productivity
consumed (g/L) residue (g/L) residue (g/L) acid(g/L) acid(g/L) (g/(L-h))
AFP111 0.2440.02 ND ND ND ND ND ND
AFP111/pMD19T-cscBKA  1.51+0.04 20.48+0.20 2.0140.10 2.9140.10 12.00£0.16 1.19+0.09  0.17+0.01

ND: not detected. Each value is the mean of three parallel replicatesstandard deviation (X £ ).
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Fig. 4 DCW, the concentrations of sugars (A) and the organic acids (B) in E. coli AFP111/pMDI19T-cscBKA from
sucrose after transition to anaerobic-phase fermentation in a 3 L fermentor.
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Fig. 5 DCW, the concentrations of sugars (A) and the organic acids (B) in E. coli AFP111/pMDI19T-cscBKA from
molasses after transition to anaerobic-phase fermentation in a 3 L fermentor.
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