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The gene coding for oligo-1,6-glucosidase from Bacillus cereus ATCC7064 has been overexpressed in Escherichia coli MV 1184 cells under the control

of the lac promoter in the genetically engineered plasmid pBCE4-2. Oligo-1.6-glucosidase was purified in large quantities and was crystallized at

25°C by using a hanging drop vapor diffusion method with 53% saturated ammonium sulfate. The crystals have the shape of hexagonal bipyramids
and belong to the space group P6, or P6, with lattice constants of a=b=106,1 A, ¢=120.0 A and y=120°.
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1. INTRODUCTION

The proline theory for increasing protein thermosta-
bility has been proposed from the comparative analysis
on five Bacillus p-nitrophenyl-a-D-glucopyranoside-hy-
drolyzing oligo-1,6-glucosidases (dextrin 6-a-D-gluca-
nohydrolase; EC 3.2.1.10) [1.2]. This theory suggests
that a protein would be thermostabilized by increasing
the frequency of proline occurrence at B-turns (presu-
mably their second sites) and the total number of hy-
drophobic residues present in the protein [1]. Recently
primary sequences of oligo-1,6-glucosidases from me-
sophile Bacilius cereus- ATCC7064 and obligately ther-
mophile Bacillus thermoglucosidasiuss KP1006 were
compared and indicated that proline residues preferably
occur within the loops of the thermostable enzyme, re-
placing the corresponding ionic or polar residues in the
thermolabile enzyme [3-5}. So a knowledge of a high
resolution structure of the oligo-1,6-glucosidase protein
is needed to explain the significance of the proline the-
ory for protein thermostability from the structural view-
point. Moreover, the understanding of the three-dimen-
sional structure of the enzyme is important to provide
information on the active site of enzymes hydrolyzing
an a-1,6-glucoside linkage. A prerequisite for both of
these studies is the ability to produce pure samples of
the protein in large quantities to obtain crystals suitable
for X-ray crystallography. In this report, we describe
the construction of an over-expression system for pro-
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ducing B. cereus oligo-1,6-glucosidase and the purifica-
tion and crystailization of the cnzyme. .

2. MATERIALS AND METHODS

2.1, Host and plasmids

Escherichia coli strain MV 1184 was used as a host for DNA mani-
pulation and expression [6,7]. The vector used was pUC118 [6). The
original plasmid containing the B. cereus oligo-1,6-glucosidase gene
was pBCE4 [3]. E. colicells were grown on L-broth medium containing
1% peptone, 0.5% yeast extract, 0.5% NaCl, 0.1% glucose and ampicil-
lin (50 ug/ml) (pH 7.2). :

2.2, Plasmid construction for overproducing oligo-1,6-glucosidase
Unless: otherwise stated, DNA manipulations were performed as
described in [8]. Plasmid pBCE4 was digested with EcoRI and filled
in with Klenow fragment. After a subsequent digestion with Sall, the
blunt-Sall fragment containing the oligo-1,6-glucosidase gene was iso-
lated. The vector pUCI!18 was digested with BamHI and also filled in
as well. After a subsequent digestion with Sall, the plasmid was ligated
with the blunt-Sall fragment containing the oligo-1,6-glucosidase
gene, The resuiting plasmid (pBCE4-1) was cleaved with Kpnl and
Smal, and then subjected to progressive digestion with exonuclease 1
[9}. The transformants obtained by deletion were transferred onto two
L-broth plates in the presence or absence of isopropyl-f-D-thiogalac-
topyranoside (IPTG; 0.5 mM). The p-nitrophenyl-a-D-glucopyrano-
side-hydrolyzing activity of each colony was assessed after blotting
onto a filter paper using the substrate [3,10]. The colonies showing the
more activity on the IPTG-containing plate were individually incuba-
ted at 37°C in 200 ml L-broth in the presence ¢f 0.5 mM IPTG [3].
The cellular enzyme activity was photometrically determined by using
p-nitrophenyl-a-D-glucopyranoside and cell extracts sonically prepa-
red in buffer A (50 mM potassium phosphate buffer/5 mM EDTA, pH :
7.0) as described before [3,4). The deleted segments of the plasmids
were sequenced by the dideoxy chain termination method {7,11).

2.3, Overproduction and purification of B. cereus oligo-1,6-glucosidase

All purification procedures were performed at4°C. Protein determi-
nation was.done by the Lowry method with bovine serum albumin as
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standard [12]. E. coli MV 1184 containing the plasmid pBCE4-2 was
acrobically grown for 18 h in L-broth/IPTG (0.5 mM). The cell extract
(270 ml) was prepared by sonication from 16 g wet cells (total 2.6 liters
of culture) suspended. in buffer A. The precipitates from 35-85%
saturated (NH,),SO, fractionation were collected by centrifugation,
dissolved in buffer A and dialyzed against the same buffer. The dialy-
zate was applied to a DEAE-cellulose column (4.5 x 26 cm), followed
by clution with 0-0.4 M NacCl lincar gradient (total 2.2 liters). The
active fractions (500 mi) were concentrated to 50 mi by ultrafiltration
through a Diaflo-Amicon membrane PM-10 (Amicon Corp.). The
concentrate was dialyzed against 30% saturated (NH,),SO,/buffer A
and then was applied to a butyl-Toyopearl 650M column (3.0 x 13 cm)
equilibrated with the dialysis buffer. Elution was performed at a flow
rate of 10 mVh with a linear gradient of 30-0% saturated (NH,).SO,
(total 600 ml). The active fractions (total 150 mi) were combined,
concentrated to 30 ml by ultrafiltration and dialyzed against 10 mM
phosphate buffer (pH 7.0). The dialyzate was applied to a hydroxyla-
patite (Bio-Gel HTP) column (3.0 x 11 em) equilibrated with the same
buffer. The column was developed with a linear 10-70 mM phosphate
gradient (total 1.0 liters; pH 7.0) with a flow rate of 12 mi/h. The active
fractions (400 m!) were concentrated to 10 ml by ultrafiltration. and
dialyzed against buffer A. The purified protein solution was finally
concentrated to 40 mg/ml’ with ultrafiltration using Centricon-10
(Amicon Corp.).

2.4. Crystallization of B. cereus oligo-1,6-glucosidase

Crystals of oligo-1,6-glucosidase were grown at 25°C by a hanging
drop vapor diffusion method [13], Crystallization droplets were prepa-
red on siliconized coverslips by mixing 10 1 of a purified protein
solution and an equal volume of a 53%: (NH,),80,-saturated buffer
A solution (reservoir solution), and were equilibrated against 1.0 ml
of the reservoir solution by sealing up the reservoir wells of a tissue
culture dish (24 wells) with the coverslips. The crystals obtained in this
way were kept once in a 70% (NH,),SO, saturated buffer A solution
(mother liquor), Then they were sealed in glass capillaries with a bit
of the mother liquor for X-ray experiments. Precession photographs
were taken with 4 precession camera (Charles Supper) using Ni-filte-
red CuKa radiation (1=1.54182 A) produced by a Rigaku RU-200
rotating anode X-ray generator run at 40 kV and 100 mA. The space
group and the cel) dimensions were determined from Laue symmetry,
absence rule (/ # 3n for (hkl)) and spacing of diffraction spots on
precession photographs,

3. RESULTS AND DISCUSSION

3.1. Overexpression of the B. cereus oligo-1,6-glucosi-
dase gene and purification ‘

A progressive deletion between the initiation codon
of oligo-1,6-glucosidase gene and the /ac promoter of
pBCE4-1 generated about 300 transformants. Ten colo-
nies showing the strong hydrolytic activity of p-nitro-
phenyl-a-D-glucopyranoside on the L-broth/IPTG (0.5
mM) plate were screened. One clone containing the
most enzyme activity was selected for study of enzyme
production [3]. The clone produced 4-5-5-fold more B.
cereus oligo-1,6-glucosidase (30—40 U/ml culture at 15-
20 h) than E. coli cells bearing pBCE4 (7.5 U/ml culture
at 10—12 h). The plasmid contained in this clone (named
pBCE4-2) was found to be deleted between nucleotide
positions 1-266 of the EcoRI-Sall fragment containing
the B. cereus oligo-1,6-glucosidase gene as judged from
DNA sequencing [3]. The intact promoter system of the
B. cereus oligo-1,6-glucosidase gene was disrupted be-
tween the —35 and —10 regions by the deletion. There-
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Table 1

Purification of oligo-1,6-glucosidase from E. coli MV1184 bearing
pBCE4-2 in large quantities

Fraction Total Total Specific
protein activity activity
(mg) ) (U/mg)
Cell extract 1900 86500 45.5
(NH,),S0; fractionation 1020 69600 68.2
DEAE-cellulose cluate 295 52500 178
Butyl-toyopearl eluate 125 31900 255
Hydroxylapatite eluate 104 29300 282

fore, the oligo-1,6-glucosidase gene of the plasmid
pBCE4-2 seemed to be expressed predominantly under
the control of the /ac promoter in the presence of IPTG.

Table I summarizes the purification of oligo-1,6-glu-
cosidase produced by E. coli cells containing the plas-

‘mid pBCE4-2. The final enzyme preparation (2.6 ml,

104 mg protein) was purified in large quantities, 6.2-fold
over the cell extract with yield being 33.9%. The protein
was judged to be homogencous from PAGE analysis
(data not shown). The trace amount of impurities in the
DEAE-cellulose eluate was effectively eliminated by the
combination of butyl-Toyopearl and hydroxylapatite
column chromatographies in place of the immunosor-
bent chromatography coupled with rabbit antiserum
against B. cereus oligo-1,6-glucosidase {3]. The immu-
nosorbent chromatography had required an alkaline
buffer (pH 11) for elution so that the enzyme activity
was significantly lost. The overall purification indicates
that the oligo-1,6-glucosidase comprised more than 15%
of the total cellular proteins in E. coli harboring the
pBCE4-2 plasmid.

3.2. Crystallization and characterization
The hanging drop method was adopted to establish
the best condition for crystallization of B. cereus oligo-

Fig. 1, Typical crystals of B. cereus oligo-1,6-glucosidase grown with
ammonijum sulfate as precipitant, The photograph is a 40-fold magni-
ficution of the crystals, Bar = | mm.
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1,6-glucosidase, using the. purified and highly concen-
trated protein. Crystals with the shape of hexagenal
bipyramids appeared within one week and were grown
in two weeks to approximate dimensions of 0.3 x 0.3 X
1.2 mm (Fig. 1).

The precession photographs showed that the crystals
belonged to'a hexagonal space group P6, or P6, with
unit cell dimensions a=b=106.1 A, ¢=120.0 A and
¥=120° (data not shown). There is one enzyme molecule
per asymmetric unit of the crystal. By using the cell
parameters and the protein partial specific volume of
0.717 cm¥/g calculated from its amino acid composition,
one oligo-1,6-glucosidase molecule is calculated to oc-
cupy 40% of the volume of the crystal asymmetric unit
with a volume per mass ratio (V) of 2.95 A¥Da [3,14].
The V), value is in the higher range for protein crystals,
which may explain the fragility. However, the crystals
give X-ray diffraction spots up to at least 2.8 A resolu-
tion and are suitable for a higher resolution X-ray anal-
ysis.

B. cereus oligo-1,6-glucosidase was predicted to have
an (a/f)g-barrel super-secondary structure common to
those of a-1,4-D-glucan-cleaving enzymes as o-amyla-
ses, cyclodextrin glucanotransferases (CGTases) and o-
glucosidase from various sources [3,15]. The high reso-
lution X-ray analyses of Aspergillus oryzae and porcine
pancreatic o-amylases [16,17] and Bacillus circulans
CGTase [18] revealed their (a/f)-barrel folds with rigid
assignments of amino acid sequence. This information
will be of great help to determine the tertiary structure
of the B. cereus oligo-1,6-glucesidase protein and to
consider the environment around the residues to be re-
placed by proline in the thermostable B. thermoglucosi-
dasius enzyme. We are in the process of developing
further native data collections at a higher resolution-and
a search for heavy-atom derivatives.
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