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Abstract: With the development of low-carbon economy and renewable resource, fermentation of the pentose sugar xylose
to produce ethanol becomes a very hot topic. The recombinant Saccharomyces cerevisiae can be constructed by expressing
heterologous xylose isomerase (XI). Because Thermus thermophilus XI (TthX1) does not need cofactor, it has been developed
for establishing the utilization pathway of xylose in S. cerevisiae. In this article, we reviewed the progress on xylose
isomerase. We first introduced the primary properties, sequence and structure characters of xylose isomerase, and discussed its
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thermostability. The molecular modification of xylose isomerase, including of substrate specificity and thermostability were
discussed in detail. Meanwhile, combined with our own research, we also discussed how to improve the xylose isomerase
activity at room temperature. Finally, we suggested perspectives of xylose isomerase.
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Fig. 1 Reactions catalyzed by xylose isomerase.
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Table 1 Properties of some important xylose isomerases

Sources Number of residue Optimum temperature (°C) Optimum pH References
Thermotoga neapolitana 443 95 7.0 [14]
Arthrobacter sp. nrrl b3728 394 80 8.0 [15]
Streptomyces albus 390 70 7.0 [16]
Streptomyces rubiginosus 388 85 8.8 [17]
Streptomyces diastaticus 387 70 8.1 [18]
Streptomyces olivochromogenes 386 80 8.0 [19]
Thermus caldophilus 387 90 7.0 [20]
Actinoplanes missouriensis 393 75 7.9 [21]
Bacillus stearothermophilus 440 80 7.5 [22]
Thermus thermophilus 387 90 7.0 [23]
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Table 2 Kinetic parameters of important xylose isomerases
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Sources Substrate Km (mmol/L) References

Thermus thermophilus D-glucose 146.8 [25]
D-xylose 3.4

Streptomyces rubiginosus D-glucose 160.0 [17]

Streptomyces livochromogenes D-glucose 2500 [18]
D-xylose 33.0

Actinoplanes missouriensis D-glucose 2900 [26]
D-xylose 4.8

Arthrobacter sp. D-glucose 2300 [27]
D-xylose 3.0

Thermus aquaticus D-Arabinose 151.0 [28]
D-xylose 15.0
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Table 3 Xylose isomerase from different microorganisms
in PDB database

Sources Class References

Streptomyces rubiginosus Class | [36]
Streptomyces diastaticus Class | [35]
Streptomyces albus Class | [37]
Streptomyces murinus Class | [38]
Streptomyces olivochromogenes Class | [39]
Arthrobacter sp. Class | [33]
Actinoplanes missouriensis Class | [26]
Bacillus stearothermophilus Class Il

Thermus caldophilus Class | [20]
Thermus thermophilus Class | [23]
Thermoanaerobacter thermosulfurogenes  Class 11 [40]
Thermus neapolitana Class Il [41]
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Fig. 2 Three-dimension structure of xylose isomerase. (A) TthXI (PDB ID:1BXB) included in Class I. (B) B. stearothermophilus XI

(PDB ID:1A0D) included in Class Il. The N-terminus labelled in red.
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Fig. 3 Active site of xylose isomerase from S. rubiginosus.
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Table 4 The amino acids composition of TthXI
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k{5 — W HE Y Glud72 F1 Asp375 T i 5 T X231,
TV ST 30K SRR AR 14 5 X T X 4 A
P PR e MR

Residue Number Percentage (%) Residue Number Percentage (%)
Ala (A) 46 11.9 Leu (L) 43 11.1
Arg (R) 33 8.5 Lys (K) 17 4.4
Asn (N) 9 2.3 Met (M) 8 2.1
Asp (D) 26 6.7 Phe (F) 22 5.7
Cys (C) 1 0.3 Pro (P) 22 5.7
GlIn (Q) 9 2.3 Ser (S) 9 2.3
Glu (E) 37 9.6 Thr (T) 13 3.4
Gly (G) 30 7.8 Trp (W) 6 1.6
His (H) 9 2.3 Tyr (Y) 16 4.1
le (1) 7 1.8 Val (V) 24 6.2

(a)

4 Tthx| TEZ i8] §) = #hiE AR

(c)

Fig. 4 Three interaction patterns among subunits of TthXI (PDB ID:1BXB)™ . Subunit A, B, C and D are shown in red, yellow, blue

and green, respectively. The interaction patterns of subunit AB, AC and AD shown in (a), (b) and (c), respectively’

[45]
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Table 5 Analysis of subunit interfaces in xylose isomerases

Number of residue
Subunit interface

Number of ion pairs

Number of hydrogen bond

TthXI TcaXl AmiXI TthXI TcaXl AmiXI TthXI TcaXI AmiXI
AB 31 31 30 12 12 6 13 10 18
AC 77 75 89 34 26 23 44 40 62
AD 36 33 31 16 12 4 29 24 18
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Fig. 5 The important regions and residues with higher flexibility at 86.85 °C compared with 26.85 °C*®!. C- terminal domain shown
in blue and helix-loop-helix region (residues 55—80) shown in yellow.
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Fig. 6 Effect of temperature on the specific activity of TthX1-N91D and its mutants®®®.
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