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Abstract: As the rapid development of economy necessitates a large number of oil, the contradiction between energy

supply and demand is further exacerbated by the dwindling reserves of petroleum resource. Therefore, the research of the
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renewable cellulosic biomass resources is gaining unprecedented momentum. Because xylose is the second most abundant

monosaccharide after glucose in lignocellulose hydrolyzes, high-efficiency bioconversion of xylose becomes one of the

vital factors that affect the industrial prospects of lignocellulose application. According to the research progresses in recent

years, this review summarized the advances in bioconversion of xylose, which included identification and redesign of the

xylose metabolic pathway, engineering the xylose transport pathway and bio-based chemicals production. In order to solve

the energy crisis and environmental pollution issues, the development of advanced bio-fuel technology, especially

engineering the microbe able to metabolize xylose and produce ethanol by synthetic biology, is environmentally benign and

sustainable.
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Fig. 1 Metabolic pathways of xylose in various microorganisms.
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Table 1 Summary of the studies on engineering microorganism for xylose metabolism.

Strain Method Phenotype or kinetic constant Reference

E. coli JU15 Genes xylFGH were deleted in E. coli CL3 and The specific growth rate was 0.19 h™ [18]
growth-and production-coupled adaptive and specific sugar consumption rate was
evolution was performed. 2.7 g/(g DCW-h).

E. coli BL21 The evolution of GIf transporter was carried out The fermentation performance results [19]
in a medium containing glucose and xylose. showed that certain mutant improved

xylose consumption by 42%.

S. cerevisiae The glucose/xylose facilitator Gxfl from C. The new strain displayed approximately [20]
intermedia was expressed in the recombinant two times lower Km for xylose
xylose-utilizing S. cerevisiae strain. transport compared to a control strain

not expressing Gxfl.

S. cerevisiae This engineered strain, overexpressing of xylose The anaerobic growth rate was 0.203 h™! [21]

H131-A3-AL®®  isomerase gene (XYLA), xylulose kinase (XYL3) and xylose consumption rate was
and genes of the non-oxidative pentose 1.866 g/(L-h) along with high ethanol
phosphate pathway, was used to initialize a conversion yield (0.41 g/g).
three-stage process of evolutionary engineering.

S. cerevisiae Two heterologous transporters, C. intermedia Mutant transporter expression of [22]

EX 12 GXS1 and Scheffersomyces stipitis XUT3, were xut3-1.2 conferred a growth rate of
performed directed evolution. 0.119 h' and mutant xut3-1.1 showed

Km value of 1.73 mmol/L.
S. cerevisiae Mutant xylose pathway was optimized by The xylose consumption rate was [23]
CTY-X7 customized optimization of metabolic pathways. 0.92 g/(L-h) and ethanol yield was

0.26 g/g.

S. cerevisiae S. cerevisiae was engineered to overexpress of Xylose consumption rate was enhanced [24]

INVScl the Orpinomyces xylose isomerase gene, the 50% compared to the reference strain.
endogenous xylulokinase gene and the Pichia
stipitis SUT1 gene for sugar transporter.

B. subtilis The arabinose: H" symporter, AraE protein from The specific growth rate was about [25]

JY123* B. subtilis was overexpressed in B. subtilis 168.  0.21 h™'.

C. glutamicum  E. coli xylA—xylB genes controlled by the frc The specific growth rate was 0.20 h’' [17]

X5 promoter were integrated into C. glutamicum R and the xylose consumption rate was
strain-specific islands. 41.2 mmol/(L-h) under oxygen-deprived

conditions.

C. beijerincki®  Metabolic engineering of C. beijerinckii by The xylose consumption rate was [26]

disruption of XyIR and overexpression of xylose
proton-symporter XylT was used to improve
xylose consumption.

approximate 0.489 g/(L-h).

3% The values were calculated from the data in the related studies.
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Table 2 List of xylose utilizing recombinant microorganisms for bio-based chemicals production

Strain Substrate Product 22/2;1 Pr(og(}?ft}ll\)/;ty Reference
S. cerevisiae CTY-X7 Xylose Ethanol 0.26 0.24 [23]
S. cerevisiae SX6MUT Xylose Ethanol 0.39 0.25 [30]
S. cerevisiae H131-A3-AL®S Xylose Ethanol 0.41 0.77 [21]
Z. mobilis A3 i‘gg";‘i Ethanol 43.1 g/L 0.45 0.94 [15]
Lo AR I S A Xylose 50 g/L D-lactate 41.2 g/L 0.89 0.69 [36]
Axpk2

C. utilis mXR/XDH/XK Xylose 105 g/L L-lactate 93.9 g/L 0.91 2.18 [37]
E. mundtii QU 25 Xylose 103.7 g/L  L-lactate 86.8 g/L 0.85 1.31 [38]
B. coagulans C106 Xylose 85 g/L L-lactate 83.6 g/L 0.98 7.50 [39]
E. coli JU15 Xylose Lactate 0.95 0.79 [18]
N. crassa LNG2 Xylose Xylitol 0.97 1.44 [40]
irf)el’oe_vjféﬁ;)my” GRS S ose 12 i, Isobutanol 1.36 mg/L.  0.16x10 - [41]
S. cerevisiae B67002 xylB Xylose 21 g/L D-xylonate 13.8 g/L 0.80 0.44 [42]
B. licheniformis BL8 Xylose 31.5 g/LL D-2,3-butanediol 0.44 2.35 [43]
C. beijerincki 8052xylR-xylT Xylose Acetone, butanol, ethanol 0.29 = [26]
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