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Abstract: [Objective] In order to improve the D-1,2,4-butanetriol (BT) titer in recombinant
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Escherichia coli, two by-product pathways were blocked. [Methods] The xy/AB, yagE and yjhH
were knocked out by Red system and the cell growth, BT production and accumulation of byproduct
of the resultant strains were detected. [Results] The biomass and BT titer of xy/4B-deficient strain
were repressed by 57% and 20%, with the BT yield per cell increased by 84%. In contrast, the
biomass of yagE-deficient and yjhH-deficient strains was increased by 10% and 5%, respectively.
The BT titers of these two strains showed increase of 36% and 14%, respectively. Co-knocking out
these two genes led to the decrease of biomass by 21%, but the BT titer was improved by 184%, up
to 2.44 g/L, and BT yield per cell was increased by 258%. Meanwhile, blocking these two by-product
pathways simultaneously resulted in the decrease of biomass by 72% and raised BT titer per cell by
4 times, and the final BT titer was showed 43% improvement. The xylonate titers of recombinant
strains were decreased, and the BT titer was further improved by pH-controlled fermentation, up to
3.11 g/L. [Conclusion] Although knocking out xy/4B is beneficial to BT produce, the repressed
xylose utilization ability through the PPP pathway and accumulated xylonate lead to the reduced
biomass and BT titer. Knocking out the yagE or yjhH showed slightly positive effect on BT
production. Further co-deficiency of these two genes shifts more 2-keto-3-deoxy-xylonate (KDX)
into BT pathway, leading to significantly improved BT titer. Finally, blocking these two by-product
pathways shows negative effect on cell growth but slightly improvement on BT production.
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Figure 1 The metabolic pathway from xylose to D-1,2,4-butanetriol in engineered E. coli

1 (7]

Note: Figure 1 is quoted from literature [7] and with some minor modifications.
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Table 1 The strains and plasmids used in this paper
/

Strains and plasmids Characters/Applications Sources

E. coli W3110 E. coli W3110
E. coli W001 E. coli W3110 AxylAB
E. coli W031 E. coli W3110 AyagE
E. coli W032 E. coli W3110 AyjhH
E. coli W003 E. coli W3110AyagEAyjhH
E. coli W004 E. coli W3110AxylABAyagEAyjhH
E. coli W3110/(BT) pEtac-mdIC-tac-xdh ~ E. coli W3110
E. coli W001/(BT) pEtac-mdIC-tac-xdh  E. coli W001
E. coli W031/(BT) pEtac-mdlC-tac-xdh  E. coli W031
E. coli W032/(BT) pEtac-mdIC-tac-xdh  E. coli W032
E. coli W003/(BT) pEtac-mdiC-tac-xdh  E. coli W003
E. coli W004/(BT) pEtac-mdlC-tac-xdh  E. coli W004
pEtac-mdIC-tac-xdh" pBBR322 origin, Kan"
pKD46 Amp'
pKD4 Amp', FRT-kan-FRT
pCP20 Amp"

Kan' Amp" .

Note: Kan": Kanamycin resistance; Amp": Ampicillin resistance.
9

&2 XHATAZIRSIY
Table 2 Primers used in this paper
Primers name Primers sequences (5'—3")
xyIAB-K1 GAACCGAAACCGCAAGAACCGACCAAACATCAATATGATTACGATGCCGCGTGTAGGCTGGAGCTGCTTC

xylAB-K2 GAATATCTCCGGCTCATGCCGCTGAACCCATAGCAATTTAGGCGCAGTAAGTTCCTATTCCGAAGTTCCTAT
TCTC
xylAB-C1 ATCGGTTTCCAGGGCAC

xylAB-C2 CGCAGACGCAAGTAATCTTTC

yagE-K1 GAATCATTCCCCCTGTCTCCACCATTTTTACCGCCGACGGCCAGCTCGATGCTTCGAAGTTCCTATACTTTCT
yagE-K2 ég"?/srcCAGCTGATACATCTGCGGAATTTGCAGCAAGGTCTGATGATACCGGAATTAGCCATGGTCCATATGA
yagE-Cl CGCAGTCCGCGTTGTTCA

yagE-C2 GGTTTTCAGCTGCGCCTTG

yihH-K1 AAGTTGCCGACTTCCTGATTAATAAAGGGGTCGACGGGCTGTTTTATCTGGTAGGCTGGAGCTGCTTCG
yjhH-K2 TTGCTTCTTCAGATGCTTCAAGAATCGGTGGTAAGCAATATGTCTCTACACCTCCTTAGTTCCTATTCCG
yjhH-C1 GCATTATTCCACCGGTATCCAG

yjhH-C2 GGTAAGCAGCACGTGGACTT

Note: The underlined sequences indicate homologous sequence to the respective gene.
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ODgoo!™
12 000 r/min
10 min
60 °C 5 mmol/L H,SO4 0.6 mL/min
10 pL
210 nm
[13]
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Figure 2 PCR verifications of xylAB (A), yagE (B) and
yjhH (C) gene knockout mutants
M1 2503 DNA marker 1 E. coli
PCR 2 E. coli xylAB PCR
yagk PCR 4 E. coli yagE
PCR M2 2501 DNA marker 5 E. coli
yihH PCR 6 E.coliyjhH PCR

xylAB
3 E. coli

Note: M1: 2503 DNA marker; 1: PCR of xyl4B in E. coli W3110;
2: PCR of xylAB in E. coli AxylAB; 3: PCR product of yagE in E.
coli W3110 wild-type strain; 4: PCR product of yagFE in E. coli
AyagE; M2: 2501 DNA marker; 5: PCR product of yjhH in E.
coli W3110 wild-type strain; 6: PCR product of yjhH gene in E.
coli AyjhH.
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Figure 3 The biomass (A) and BT titer (B) in the fermentation broth of the recombinant strains
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Figure 4 The xylonate titer and the pH value at 48 h in the E. coli MG1655 yagE  yjhH
fermentation broth of the recombinant strains
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Figure 5 The biomass (A) and BT titer (B) of the recombinant strains
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Figure 6 The biomass (A), BT titer (B) and xylonate titer at 48 h (C) of the recombinant strains under pH control strategy
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