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A thermostable �-glycosidase (Tn-gly) from Thermus nonproteo-

lyticus HG102 has been cloned and overexpressed in Escherichia coli.

The recombinant enzyme, with a molecular mass of 48.9 kDa, was

puri®ed to homogeneity. It can hydrolyze a wide range of

oligosaccharides and perform transglycosylation. Crystals of the

recombinant enzyme were grown by the hanging-drop vapour-

diffusion technique with MPD and NaCl as precipitants. They belong

to the orthorhombic space group P212121, with unit-cell parameters

a = 66.7, b = 94.6, c = 176.5 AÊ .
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1. Introduction

�-Glycosidases (E.C. 3.2.1.21) catalyze the

hydrolytic cleavage of �-glycosyl linkages.

They are ubiquitous enzymes which have been

isolated and characterized from various

organisms. These enzymes are characterized by

a broad substrate speci®city, which makes them

potential tools for several applications (Ichi-

kawa et al., 1992). In this regard, �-glycosidases

from thermophilic sources are particularly

attractive because of their biotechnological

advantages for many stabilized biocatalysts.

Furthermore, they may contribute to the study

of the structure±function relationship of

thermophilic enzymes by comparison of their

properties with those of mesophilic enzymes

(Thomas & William, 1986).

The thermostable �-glycosidase (Tn-gly)

was produced by the thermophilic eubacterium

T. nonproteolyticus HG102 (Cai et al., 1992),

which was isolated from a hot spring in

Guangdong Province, southern China. Tn-gly

has been cloned, expressed in E. coli and

characterized (He et al., 2001). It is very

thermostable, with an optimum temperature of

363 K and a half-life of 2.5 h at 363 K. It can

hydrolyze a wide range of oligosaccharides and

perform transglycosylation at high tempera-

ture.

Tn-gly belongs to the glycosyl hydrolase

family 1 (Henrissat & Bairoch, 1993, 1996).

Only a few three-dimensional structures of the

glycosyl hydrolase family 1 have been reported

(Barret et al., 1995; Wiesmann et al., 1995;

Burmeister et al., 1997; Aguilar et al., 1997;

Sanz-Aparicio et al., 1998; Hakulinen et al.,

2000). However, no structures have been

reported for �-glycosidases from thermophilic

eubacterium. The percentage sequence iden-

tity between Tn-gly and the �-glycosidase from

the thermophilic archaebacterium Sulfolobus

solfataricus (PDB code 1gow; Aguilar et al.,

1997) is only 22.9%.

There have been several reviews on the

molecular mechanism of the stability of

thermoenzymes in recent years (Vieille &

Zeikus, 1996, 2001; Danson et al., 1996; Adams

& Kelly, 1998; Zeikus et al., 1998). The gener-

ally recognized mechanisms include ion pairs,

hydrogen bonds, hydrophobic interactions,

disul®de bridges, packing ef®ciency, decrease

of the entropy of unfolding and intersubunit

interactions.

Tn-gly has a high content of Ala (12.8%),

Leu (10.9%), Arg (9.6%) and Pro (8.0%), but

a low content of Cys (0.45%) and Met (0.91%).

Ala and Leu make an important contribution

to the hydrophobic interactions that are

important for protein folding. Arg may protect

the hydrocarbon chains from unfavourable

contact with water, thus enhancing stability

(Folcarelli et al., 1996). Pro can improve

protein stability by introducing a more ®xed

tertiary structure (Watanabe et al., 1996).

Several single and multiple mutants that

introduce residues with high helix propensity

(such as Ala) can increase the enzyme stability

(Vieille & Zeikus, 1996). Therefore, Tn-gly

may have a variety of structural features that

contribute to its thermostability. The crystal

structure analysis of Tn-gly will provide

important structural information for under-

standing its biological function including

hydrolysis and transglycosyl activity, and

especially its high thermostability.

2. Materials and methods

2.1. Protein preparation

The Tn-gly gene with ¯anking sequences

was originally cloned into plasmid pHY using

the previously described methods (He et al.,
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2001). After DNA sequencing (GENBANK

accession number AF225213), PCR was

used to amplify the active gene. The

two primers were 50-TAGAATTCCATATG-

ACCGAGAACGCCGAAAA-30 and 50-
ATAAGCTTGGATCAATGCGCGGACC-

CCCC-30. The fragment was digested with

NdeI and HindIII and then inserted into the

pET21a vector treated with the same

enzymes.

BL21(DE3) E. coli was transformed with

the resulting pETng plasmid, grown at

310 K, induced with 1 mM IPTG at a cell

density of 6 � 108 cells mlÿ1 and grown for

another 5 h. Cells were harvested by

centrifugation, resuspended in buffer A

(50 mM Tris±HCl pH 8.0) and disrupted by

sonication. The extract was centrifuged for

15 min at 10 000g and the supernatant was

incubated at 348 K for 30 min. After

centrifugation for 15 min at 10 000g, the

supernatant was concentrated by adding

ammonium sulfate to 60% ®nal saturation.

The precipitate was dissolved in buffer A

and the resulting solution was puri®ed on

the AÈ kta Prime system using a Q-Sepharose

Fast Flow column (Pharmacia) pre-

equilibrated with buffer A, then eluted with

a linear gradient of 0.05±0.2 M NaCl in

buffer A. The enzyme was pooled and

puri®ed further using a Resource-ISO

column on the AÈ kta Prime system, with a

linear gradient of 3.0±0 M (NH4)2SO4 in

buffer A. The enzyme was pooled and

puri®ed by MonoQ on FPLC (Pharmacia)

with an linear elution gradient of 0±0.2 M

NaCl in buffer B (50 mM Tris±HCl pH 8.5).

The enzyme fractions were collected and

dialyzed against 50 mM NH4HCO3, then

lyophilized and stored at 253 K. The Tn-gly

activities were assayed using previously

reported methods (He et al., 2001).

2.2. Crystallization

Crystallization experiments were

performed using the hanging-drop vapour-

diffusion method. Crystallization conditions

were screened using sparse-matrix sampling

(Jancarik & Kim, 1991). Crystals were

obtained in a system using MPD and NaCl

as precipitants. After optimization of the

crystallization conditions, crystals were

obtained by mixing 4 ml protein solution

(4 mg mlÿ1, 5 mM HEPES pH 7.5) with 2 ml

reservoir solution at 291 K. The reservoir

solution was 20% MPD, 0.2 M NaCl, 0.1 M

sodium acetate buffer pH 4.6.

2.3. Data collection

The diffraction ability of a small crystal

(0.1� 0.05� 0.05 mm) was measured with a

Weissenberg camera (Sakabe, 1991) at the

Photon Factory (Tsukuba, Japan). The

crystal initially diffracted to 2.6 AÊ , but no

longer diffracted after the collection of

several images. For data collection on our

MAR Research MAR345 image-plate

system, a single crystal (0.3 � 0.15 �
0.1 mm) was transferred into a cryoprote-

cant solution containing 25% MPD and

¯ash-frozen to 110 K. A total of 120 images

with an oscillation angle of 1� per image

were collected at 110 K and processed with

the DENZO and SCALEPACK programs

(Otwinowski & Minor, 1997).

3. Results and discussion

The sequence of the Tn-gly gene (1131 bp)

produced by PCR was identi®ed by nucleo-

tide sequencing. It codes for 436 amino acids

with a molecular mass of 48.9 kDa. The

expression level of plasmid pETng was much

higher than that of plasmid pHY and the

recombinant enzyme was easier to purify.

The puri®ed recombinant enzyme had the

same biochemical characteristics as native

Tn-gly. The enzyme shows optimum activity

at pH 5.6 and 363 K. It catalyzes the

hydrolysis of �-d-glucoside, �-d-galactoside,

�-d-fucoside and �-d-mannoside. The

enzyme was extremely thermostable, with a

half-life of 2.5 h at 363 K and was stable over

a wide pH range. It has transglycosidic

activity at high temperature.

After optimization of the crystallization

conditions, crystals were obtained using

MPD and NaCl as precipitants after four

weeks (Fig. 1). The diffraction data was

consistent with the orthorhombic space

group P212121, with unit-cell parameters

a = 66.7, b = 94.6, c = 176.5 AÊ . Other statistics

are listed in Table 1. Assuming there to be

two molecules per asymmetric unit, the

Matthews coef®cient (Matthews, 1968) was

calculated to be 2.9 AÊ 3 Daÿ1, corresponding

to a solvent content of 50%. Structure

determination is in progress.
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Figure 1
Photograph of crystals of Tn-gly grown in 20% MPD,
0.2 M NaCl and 100 mM NaAc buffer pH 4.6.
Dimensions are approximately 0.25� 0.15� 0.1 mm.

Table 1
Data-processing statistics.

Values in parentheses refer to the outer resolution shell.

Space group P212121

Unit-cell parameters (AÊ )
a 66.7
b 94.6
c 176.5

Resolution range (AÊ ) 50.0±2.70 (2.76±2.70)
No. of unique re¯ections 31054
Multiplicity 4.2
Completeness (%) 98.6 (98.8)
I/�(I) 9.8 (3.2)
Rmerge² (%) 12.7 (36.1)

² Rmerge =
P

h

P
i jI�h; i� ÿ hI�h�ij/Ph

P
i I�h; i�, where

I(h,i) is the intensity of the ith measurement of re¯ection h

and hI(h)i is the mean value of I(h,i) for all i measurements.
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