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Strategies for engineering the thermo-stability of glycosidase
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Abstract:  Glycosidases are widely used in food and pharmaceutical industries due to its ability to hydrolyze the glycosidic
bonds of various sugar-containing compounds including glycosides, oligosaccharides and polysaccharides to generate
derivatives with important physiological and pharmacological activity. While glycosidases often need to be used under high
temperature to improve reaction efficiency and reduce contamination, most glycosidases are mesophilic enzymes with low
activity under industrial production conditions. It is therefore critical to improve the thermo-stability of glycosidases. This
review summarizes the recent advances achieved in engineering the thermo-stability of glycosidases using strategies such as
directed evolution, rational design and semi-rational design. We also compared the pros and cons of various techniques and

discussed the future prospects in this area.
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Fig.1 Catalytic mechanism of glycosidase®. (A) Retention mechanism. (B) Inversion mechanism.
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Fig. 2 Procedure for engineering the thermo-stability of glycosidase.
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Fig. 3 The flexible region of B-glucuronidase PGUS-E. (A) The structure of PGUS-E tetramer. The catalytic sites are
shown in blue spheres. (B) Flexible display of PGUS-E. Unstable regions with greater flexibility and lower rigidity are

shown in thick lines and red color. (C-D) Partial view of part of loop ring
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Table 1 Comparison of different strategies for engineering the thermo-stability of glycosidase

Result (Compare with the starting

Echnology Enzyme (Resource) Strategy enzyme ) Pros and cons References
Directed a-L-rhamnosidase  Error-prone PCR The half-life of the thermostable Pros: no restriction of [53]
evolution  (Aspergillus niger mutant at 60 °C is doubled enzyme structure

JMU-TS528)
a-glucosidase Error-prone PCR The thermostable mutant is almost Cons: the mutant [23]
(Thermus activity loss when incubate at 70 °C  library is large and
thermophilus TC11) for7h screening is difficult
Xylanase Error-prone PCR and  The half-life of the thermostable [54]
(Geobacillus family DNA shuffling mutant at 75 °C is 52 times that of
stearothermophilus) the wild type
B-glucuronidase Error-prone PCR The activity of the thermostable [55]
(Penicillium mutant increased by 10% when
purpurogenum Li-3) treated at 65 °C for 120 min
Rational Xylanase (AspergillusN-terminal sequence  The thermostable mutant still retains  Pros: fast point [56]
design oryzae) replacement 85% of the initial activity when selection and high
treated at 60 °C for 100 min accuracy
Endoglucanase Sequence alignment  The half-life of the thermostable [57]
(Penicillium and free energy mutant at 80 °C increased by Cons: may miss the
verruculosum) calculation 1.3 times best mutant
p-glucuronidase C-terminal The thermostable mutant was treated at [58]
(Aspergillus terreus  non-conservative gene 65 °C for 30 min, and retained 30% of
Li-20) sequence editing the initial activity higher than that of the
wild type
p-glucuronidase Design sugar bridges  The half-life of the thermostable mutant [59]
(Aspergillus oryzae  and sugar clips at 70 °C is 7.1 times that of the wild
Li-3) type
Chitosanase Artificially designed  The half-life of the thermostable mutant [60]
(Bacillus ehimensis) disulfide bonds at 50 °C is 58.8 min longer than that of
the wild type
Xylanase (Talaromyces Structure-based The dissolution temperature of the [61]
leycettanus N-terminal thermostable mutant is 7.8 °C higher
JCM12802) modification than that of the starting enzyme
S-mannanase (Bacillus Molecular dynamics ~ The half-life of the thermostable mutant [62]
subtilis TJ-102) simulation at 60 °C is 24 times that of the wild type
S-mannanase Computer-assisted The temperature required to maintain the [63]
(Aspergillus usamii) protein fusion same residual activity increased by 8 °C
Pullulanase (Bacillus PoPMuSiC-2.1 The half-life of the thermostable mutant [64]
acidopullulyticus)  Software-aided at 60 °C is 11 times that of the wild type
prediction
Semirational Xylanase Error-prone PCR and  The half-inactivation temperature of ~ Pros: the small mutant [65]
design (Psychrobacter sp.  saturation mutation the thermostable mutant increased by  library is not easy to
strain 2-17) 43°C miss good mutants
Endoglucanase Structural analysis and The thermostable mutant has a 10-fold [66]
(Clostridium saturation mutation increase in the half-life at 86 °C Cons: it is still
thermocellum) necessary to construct a
B-glycosidase Structure and sequence The half-life of the thermostable mutant library through [67]
(Thermus analysis, saturation mutant at 93 °C increased by experiments
thermophiles) mutation 4.7 times
S-glucuronidase Random mutation and The half-life of the thermostable [68]
(Talaromyces the introduction of mutant at 55 °C increased by 2.9 times
pinophilum Li-93)  arginine on the TIM
barrel
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