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Biosynthesis of D-1,2,4-butanetriol by an engineered Escherichia coli
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Abstract: [Objective] D-1,2,4-butanetriol is widely used in military and medicine industry. To
realize the biosynthesis of D-1,2,4-butanetriol from D-xylose directly, xylose metabolism of
Escherichia coli W3100 was modified. [Methods] The D-xylose dehydrogenease gene XylB from
Caulobacter sp. and benzolyformate decarboxylase gene mdIC from Pseudomonas putida were
expressed in E. coli W3100, resulted in a recombinant E. coli (pEtac-mdIC-tac-xyIB). [Results]
When cultivated with 30 g/l D-xylose at 30 °C for 48 h, the titer and molar yield of
D-1,2,4-butanetriol reached 0.9 g/L and 4%. [Conclusion] Our results may serve as a start-point for
further genetic engineering to enhance the titer of D-1,2,4-butanetriol.
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Figure 1 The microbial synthesis pathway of D-1,2,4-butanetriol
a b -E. coliw3110 ¢ - d -E. coli
W3110 ki -E. coli W3110 k2 -E. coli W3110.

Note: a: D-xylose oxidase in Pseudomonas fragi; b: Xylonic acid dehydratase in E. coli W3110; c: Benzolyformate decarboxylase in
Pseudomonas putida; d: Alcohol dehydrogenease in E. coli W3110; k1: Xylose isomerase in E. coli W3110; k2: Adolase in E. coli W3110.
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1 Mﬂ—lﬁﬁ& LB (g/L) 5 10

NaCl 10
11 HEHRFMBRI(R 1) '

. - M2 /L 3 MgCl, 0.04
12 Bk T (/L) 8C%
CaCl, 0.01 FeSO4 0.001 52 Na,HPO, 1.74

D-
KH,PO, 1.06 NH,C10.50 pH 6.8
D-1,2,4-
(g/L) 10 MgCl,0.04
_ CaCl, 0.01 FeSO4 0.001 52 Na,HPO, 1.74
Oxiod Tag DNA
. KH,PO, 1.06 NH4CI 0.50 pH 6.8
PrimeSTAR HS DNA T4
. 0.10 1.8%
pMD 18T-simple ( ) (@/L) KH,PO,
1.5 MgS0,0.03 CaCl,0.1 NaCl0.1 (NH4),SO,2
DNA DNA 1 5 pH 7.0
1.8%
( YPD (g/L) 10 20
2) 20
(Amp) (Kan) 1x10° Pa 30 min
G250 Amp (0.1 g/L) Kan (0.05 g/L) IPTG (0.5-1.0

mmol/L)

R 1 XHERAERIABRA

Table 1 The strains and plasmids used in this paper
«C ) ( )

Strain (Pasmids) name Short name (Character) Sources
Escherichia coli IM109 E. coli IM109
Escherichia coli W3110 E. coli W3110
Caulobacter sp. C. sp.
Pseudomonas putida P. putida
pEtac tac Kan"
pEtac-xylB tac Kan'
pEtac-mdIC tac Kan'
pEtac-mdIC-tac-xyIB tac Kan'
Table 2 Primers used in this paper
( )
Primers name Primers sequences (5'—3") Restriction enzyme cutting sites
F1 GAATTCATGTCCTCAGCCATCTATCCCAGC EcoR I
R1 AAGCTTTCAACGCCAGCCGGCGTCGA Hind III
F2 GAATTCATGGCTTCGGTACACGGCACCACATACG EcoR T
R2 GAATTCTCACTTCACCGGGCTTACGGTGCTTAC EcoR I
F3 CTCGAGGGAGCTTATCGACTGCAC Xho I
R3 CTCGAGTCAACGCCAGCCGG Xho I
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1.3 EREITHIE TE
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0.005 mol/L 60 °C
0.6 mL/min
10 mL LB 37 °C 200 r/min 12 h [9]
78] 2 HR545W
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xylB (NCBI accession
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88% (660 bp/750 bp)
85% (213 aa/250 aa)
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(NCBI accession number AB080699)

number
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& by = bp xyIB  mdIC
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Figure 2 Agarose gel electrophoresis of xylB gene (A)

and mdIC gene (B)

Note: M: DL2000 marker; 1: xyIB/PCR products; 2: mdIC/PCR
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Figure 3 The enzymatic digestion of pEtac-xylB (A), pEtac-mdIC (B) and pEtac-mdIC-tac-xyIB (C)
Note: M: Hind III and DL2000 marker; 1: The enzymatic digestion products by ECoR I and Hind III; M1: Hind III; M2: DL2000 marker;
2: The enzymatic digestion products by ECOR I and Hind III; 3: The enzymatic digestion products by Xho I.
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Figure 4 SDS-PAGE analysis of the expressed mdIC gene D-1,2,4-

and xylB gene
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intracellular soluble protein. D-1,2,4- -
A B C
D-1,2.4-Butanetriol D-1.2.4-Butanetriol
J N
min min v min

00 20 40 60 80 10.0 12.0 14.0 16.0 18.020.00.0 20 4.0 6.0 80 10.0 12.0 14.0 16.018.020.0 0.0 2.0 4.0 6.0 8.0 10.012.0 14.0 16.0 18.020.0
D

100% 3 75.1
57.1

_— 45.1

50% -
E 43.1

25% 4 38.1
3 3025 | 471 s5.1 ]| oll 70.01~ 1 6.1

0% 333362 0L soa 23 [ 010 661 799731 [%179.082.085.088.190.9 94.197.1 1010
30 40 50 60 70 80 90 100

mVz
5 E. coli W3110 (pEtac-mdIC-tac-xyIB) (A)#1K %S &) E. coli W3110 (pEtac-mdlc-xyIB) (B) & B L &R & iLE,
D-1,2,4-T ZEr ¥ B 1% [ (C) A & & BE itk S B Bk A Y BRiE Bl (D)
Figure 5 The HPLC analysis of supernant from E. coli W3110 (pEtac-mdIC-tac-xyIB) (A), E. coli W3110 (pEtac-

mdIC-tac-xyIB) (B) fermentation broth without IPTG, pure D-1,2,4-butanetriol sample (C) and mass spectra of
D-1,2,4-butanetriol fermentation broth from GC-MSD (D)
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