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The catalytic domain of an alkaline endo-1,4-3-glucanase (family A) isolated from
Bacillus sp. KSM-635 (M. =40.2kDa) was crystallized using the hanging drop vapor
diffusion method. Two different crystal forms were obtained. Form 2 crystals (trigonal
space group R3 with cell dimensions of a=b=111.9 and ¢=207.1 A in a hexagonal lattice)
were found to be more stable than form 1 ones upon X-ray irradiation. A full data set for
form 2 crystals has been collected up to 3.3 A resolution.
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Cellulose is the most abundant carbohydrate on earth and
thus a major ingredient of the biomass. The products of
enzyme digestion of cellulose are currently generating
much interest as potential substitutes for fossil oil re-
sources. Cellulose is a £8-1,4-linked polyglucose, and is
naturally hydrolyzed by a number of cellulases produced by
a variety of cellulolytic microorganisms. One of these types
of enzyme is the endoglucanases (endo-1,4-8-glucanase,
EC 3.2.1.4), which have been classified into 11 families,
named A through K, on the basis of amino acid sequence
similarity (1, 2).

Cellulases comprise a catalytic domain and usually one or
more additional domains concerned with substrate binding
or multienzyme complex formation (2). X-Ray structural
studies of the catalytic domains of endoglucanases have
clarified the catalytic mechanisms of the following endo-
glucanases with respect to their three-dimensional struc-
tures: endoglucanase CelCCA (classified into family A)
from Clostridium cellulolyticum at 1.6 A resolution (3);
cellobiohydrolase I (CBHII, family B) from Trichoderma
reesei at 2.0 A resolution (4); endoglucanase E2 (family B)
from Thermomonospora fusca at 1.8 A resolution (5);
cellobiohydrolase I (CBHI, family C) from Trichoderma
reesei at 1.81 A resolution (6); endoglucanase CelD (family
E) from Clostridium thermocellum at 2.3 A resolution (7);
and endoglucanase V (family K) from Humicola insolens at
1.5 A resolution (8).

In a previous study, some of the authors of the present
paper isolated and purified an alkaline endoglucanase
(alkaline EG) from Bacillus sp. KSM-635 (9). Sequence
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analysis of the alkaline EG gene revealed that the purified
alkaline EG consists of 941 amino acid residues with a
molecular mass of 105 kDa (10). The optimum pH and
temperature for the catalytic activity of alkaline EG are pH
9.5 and 45°C, respectively (9). Due to these alkaliphilic and
thermostable characteristics, the enzyme is commercially
used as a component of laundry detergents. The structural
analysis of alkaline EG is essential for a better understand-
ing of the catalytic mechanism of this enzyme, and for
providing a basis for future protein engineering aimed at
improving its activity and stability.

The alkaline EG gene was truncated and cloned in order
to extract the catalytic domain. The 584 amino-terminal
residues of the alkaline EG are sufficient for expression of
the full enzymatic activity, and the sequence of the C-
terminal half of this fragment is homologous to those of the
catalytic domains of all the enzymes in family A (10). The
truncated gene, that encodes amino acids Ala228 to Leu584
of alkaline EG, was recently expressed in Bacillus subtilis.
The 40.2 kDa product of the truncated alkaline EG (trun-
cated EG) gene is composed of 357 native amino acids plus
7 amino acids from the cloning-vector (11). The enzymatic
activity of the truncated EG is comparable to that of the
intact alkaline EG, which prompted crystal structure
analysis of the protein. Here we report the crystallization
and preliminary crystallographic analysis of the truncated
enzyme.

Crystals of truncated EG were prepared using the
hanging drop vapor diffusion method. A 0.1 M ammonium
acetate buffer (pH 5.5 or 6.0) containing 1.5% (w/v) NaCl,
15% (v/v) methanol, and 25% (w/v) PEG4000 was used as
the reservoir solution. A 10 gl drop of a mixture of equal
volumes of the reservoir solution and a 1.4% (w/v) protein
solution in 10 mM phosphate buffer (pH 7.0) containing
100 mM NaCl (concentrated fractions of the Sephacryl-
S200 gel filtrate) was equilibrated against 1 ml of the

2102 'z ©qoR0 uo AiseAN Buned e /B10's[euInolpioxoql//:dny woiy pepeojumoq


http://jb.oxfordjournals.org/

684

reservoir solution at room temperature. Crystals with
maximum dimensions of 0.2x0.2X0.1 mm?® grew in 2-3
weeks.

Two morphologically different forms of crystals were
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The form 2 crystals belong to trigonal space group R3,
and have cell dimensions of a=b=111.9 and ¢=207.1 A

when the crystal lattice is converted into hexagonal axes.

obtained. Form 1 crystals had a rhombic prism shape with
finer edges and planes than form 2 crystals, which were

relatively dull in appearance and tended to grow into rather
irregular shapes in the final stage of crystal growth (Fig. 1).
Form 1 and 2 crystals were dominant in the drops at pH 6.0
and 5.5, respectively. Preliminary experiments revealed
that form 1 crystals were highly liable to X-ray radiation
damage and thus lost their diffractability within a few
minutes irradiation. The highest resolution of reflections
from form 1 crystals was less than 4 A. Unexpectedly, form
2 crystals withstood X-ray exposure and diffracted better
than form 1 crystals, and thus were the focus of further

analysis.
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TABLE I

Assuming the number of molecules in an asymmetric unit

Diffraction data processing statistics.

Resolution range (A)

Average I/o(I)

Rmersa

No. of total reflections
No. of independent reflections

Completeness (1> o (I)] (%)
of final shell (3.42-3.30 A)

of final shell (3.42-3.30 A)

20.0-3.3
89,912
11,790
4.2
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0.116
0.217
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2 Rmerg = E|;—(I)|/21;, where I, is the scaled intensity of the ith
observation, and <I) is the average of the intensities that are
equivalent to I;.

Fig. 1. Form 1 (left) and form 2
(right) crystals of truncated EG.
The approximate size of the form 1
crystal is 0.2x0.2x0.05 mm® and
that of the form 2 one is 0.15x 0.1 X
0.1 mm®.

Fig. 2. Amino acid sequence compari-
son between the truncated EG (TruEG
in the figure) and the catalytic domain
of CelCCA. Conserved residues are in-
dicated by vertical bars between the se-
quences. Residues that comprise the cata-
Iytic center of CelCCA are indicated by
asterisks (*) above the sequences. Resi-
dues denoted by pluses (+) are aromatic
amino acids in CelCCA and may comprise
substrate binding sites, but are replaced by
smaller amino acids in the truncated EG.
Secondary structure elements are under-
lined, and labeled HO-H8 for helices and
S1-S8 for strands from the N- to the
C-terminal.
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to be 2 or 3, the V,, value becomes 3.10 or 2.07 A%/Da,
respectively. Since both these values are within the range
generally observed for protein crystals (12), the number is
not specified between 2 and 3.

Two oscillation data sets were collected for a form 2
crystal (0.15%0.10% 0.08 mm?®) around different rotation
axes using a DIP100 imaging plate detector (MAC Science).
Cu K, radiation from a Rigaku RU-300 X-ray generator
operating at 45 kV X80 mA (focus size, 0.3X 3 mm) with a
focusing double-mirror monochromater was used. For both
crystal settings, the oscillation angle for one image was 3°
and the total oscillation angle was 60°, with 1° overlapping
of images. The X-ray exposure time was 10 min for each
image at an oscillation speed of 15°/min. The crystal to
detector distance was 150 mm. The intensities of the
collected reflections were merged into one data set using the
programs, DENZO and SCALEPACK (13). Although form
2 crystals diffracted up to 3.0 A, the reflections up to 3.3 A
resolution were digitized and processed. Statistical analysis
of the data is shown in Table I. The rather high Ry ¢ value
may be attributed to the small crystal size.

Recently, the crystal structure of the catalytic domain of
endoglucanase CelCCA, which belongs to the same family
as alkaline EG (family A), was determined at 1.6 A resolu-
tion (3). However, several attempts to determine the form
2 crystal structure using the molecular replacement
method have failed. The CelCCA crystal structure (BNL
code, 1IEDG) was used as a poly-Ala/Gly search model in
which inserted/deleted loops have been omitted, and as a
similar model in which conserved side chains have been
inherited using the alignment shown in Fig. 2 as a primer.
The failure of the molecular replacement was primarily due
to the low amino acid sequence identity (17.8%) between
the truncated EG and the catalytic domain of CelCCA.

In addition, comparison of the two amino acid sequences
indicated a large difference between the alkaline EG and
CelCCA in the structure of the active center. Although the
catalytic sites are conserved in these two enzymes (except
for Glu307 of CelCCA, which is replaced by Asp494 in
alkaline EG), five (Phe42, Trp180, Trp181, Trp259, and
Trp340, according to the numbering system for 1IEDG) of
the eight aromatic side chains that lie in the substrate
binding cleft of CelCCA are replaced by smaller side chains
in alkaline EG (Gly254, Gly380, Gly381, Ser447, and
Thr522, respectively) (Fig. 2). Thus, the possibility exists
that alkaline EG differs in the substrate binding mode from
CelCCA, and thus belongs to a distinct structure class in
family A. Elucidation of how these substitutions alter the
active center structure and how they are related to the shift
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in the optimum pH of the alkaline EG (9.5) from that of
CelCCA (6.0) is of particular interest. Future research will
focus on a search for heavy-atom derivatives of form 2
crystals in order to determine the crystal structure using
the isomorphous replacement method.
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