crystallization communications

Acta Crystallographica Section F
Structural Biology
and Crystallization
Communications

ISSN 1744-3091

Hyongi Chon,? Hiroyoshi
Matsumura,® Yuichi Koga,?
Kazufumi Takano®¢ and
Shigenori Kanaya®*

ADepartment of Material and Life Science,
Graduate School of Engineering, Osaka
University, 2-1 Yamadaoka, Suita,

Osaka 565-0871, Japan, bDepartment of
Materials Chemistry, Graduate School of
Engineering, Osaka University, 2-1 Yamadaoka,
Suita, Osaka 565-0871, Japan, and “PRESTO,
JST, 2-1 Yamadaoka, Suita, Osaka 565-0871,
Japan

Correspondence e-mail:
kanaya@mls.eng.osaka-u.ac.jp

Received 9 December 2004
Accepted 2 February 2005
Online 12 February 2005

—

© 2005 International Union of Crystallography

All rights reserved

Crystallization and preliminary X-ray diffraction
study of thermostable RNase HIll from Bacillus
stearothermophilus

A thermostable ribonuclease HIII from Bacillus stearothermophilus (Bst RNase
HIIT) was crystallized and preliminary crystallographic studies were performed.
Plate-like overlapping polycrystals were grown by the sitting-drop vapour-
diffusion method at 283 K. Native X-ray diffraction data were collected to 2.8 A
resolution using synchrotron radiation from station BL44XU at SPring-8. The
crystals belong to the orthorhombic space group P2,2,2, with unit-cell
parameters a = 66.73, b = 108.62, ¢ = 48.29 A. Assuming one molecule per
asymmetric unit, the Vy; value was 2.59 A3 Da~' and the solvent content was
522%.

1. Introduction

Ribonuclease H (RNase H) endonucleolytically hydrolyzes the RNA
of RNA/DNA hybrids in the presence of divalent cations (Crouch &
Dirksen, 1982). The enzyme is widely present in various organisms.
The RNase H enzymes are classified into two major families, type 1
and type 2, based on amino-acid sequence differences (Ohtani et al.,
19994). These enzymes are thought to be involved in DNA replica-
tion, repair and/or transcription (Kogoma & Foster, 1998; Murante et
al., 1998; Qiu et al., 1999; Rydberg & Game, 2002).

In prokaryotes, three different RNases H (RNases HI, HII and
HIII) have so far been identified (Ohtani et al., 1999a,b; Ttaya et al.,
1999). RNases HI are members of the type 1 RNase H family, while
RNases HII and HIII are members of the type 2 RNase H family.
Crystal structures are available for RNases HI (Katayanagi et al.,
1990, 1992; Yang et al., 1990; Ishikawa et al., 1993) and HII (Lai et al.,
2000; Muroya et al., 2001; Chapados et al., 2001). Comparison of these
structures indicates that RNases HI and HII share a main-chain fold
containing four acidic active-site residues, despite the lack of any
significant amino-acid sequence similarity. For Escherichia coli
RNase HI, a catalytic mechanism and a substrate-recognition
mechanism have been proposed (Kanaya, 1998; Goedken &
Marqusee, 2001; Tsunaka ez al., 2005). However, compared with
RNases HI and HII, much less is known about the structure and
function of RNase HIII as no structural information is available.

RNase HIII shows poor amino-acid sequence identity to RNase
HII (Ohtani et al., 1999a,b). For example, Bacillus subtilis RNase HIII
shows 18% amino-acid sequence identity to B. subtilis RNase HII.
Nevertheless, they are classified into the same family because several
sequence motifs are conserved in their sequences. Single bacterial
cells usually contain two different RNases H (Ohtani et al., 1999a,b).
For example, E. coli cells contain RNases HI and HII, while B. subtilis
cells contain RNases HII and HIII. Biochemical characterization of
B. subtilis RNase HIII indicated that this enzyme is more closely
related to RNase HI than to RNase HII in enzymatic properties,
suggesting that RNase HIII functions as a substitute for RNase HI in
B. subtilis (Ohtani et al., 1999b).

We have recently cloned the gene encoding RNase HIII from the
thermophilic bacterium B. stearothermophilus (Bst RNase HIIT) and
biochemically characterized the recombinant protein (Chon et al.,
2004). Bst RNase HIII is composed of 310 amino-acid residues and
shows an amino-acid sequence identity of 47.1% to B. subtilis RNase
HIII. Bst RNase HIII closely resembles B. subtilis RNase HIII in
enzymatic properties, such as its requirement for divalent cations, its
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pH optimum and the cleavage mode of the substrate. However, Bst
RNase HIII is much more stable than B. subtilis RNase HIII,
suggesting that Bst RNase HIII is more suitable for crystallographic
studies than B. subtilis RNase HIII. Crystallization and preliminary
X-ray crystallographic analysis of B. subtilis RNase HIII have been
reported (Kwak et al., 2001); however, this crystal structure has not
yet been solved.

Here, we report the crystallization and preliminary crystallo-
graphic studies of Bst RNase HIII.

2. Experimental procedures
2.1. Overproduction and purification

Bst RNase HIII was overproduced in the rnh mutant strain of
E. coli MIC2067(DE3) as described previously (Chon et al., 2004).
The cells were collected by centrifugation, resuspended in 10 mM
Tris—HCI pH 7.5 containing 1 mM EDTA (TE buffer) and disrupted
by sonication on ice. The resultant cell lysate was centrifuged at
30 000g for 30 min at 277 K to remove insoluble materials. Ammo-
nium sulfate was added to the supernatant to a concentration of 70%
and the resultant precipitate was collected by centrifugation at
15 000g for 30 min at 277 K. The precipitate was then dissolved in TE
buffer and dialyzed against TE buffer. The protein was purified by the
following three column-chromatographic steps. The protein solution
was first loaded onto a HiTrap Heparin HP column (Amersham
Biosciences) equilibrated with TE buffer. The protein was eluted
from the column with a linear gradient of 0-0.5 M NaCl. The fractions
containing Bst RNase HIII, which eluted from the column at
approximately 0.3 M NaCl, were collected and dialyzed against TE
buffer containing 0.1 M NaCl. The protein solution was then loaded
onto a HiTrap SP HP column (Amersham Biosciences) equilibrated
with TE buffer containing 0.1 M NaCl. The protein was eluted from
the column with a linear gradient of 0.1-0.5 M NaCl and the fractions
containing Bst RNase HIII, which eluted from the column at
approximately 0.3 M NaCl, were collected. The protein solution was
finally loaded onto a HilLoad 16/60 Superdex 200pg column (Amer-
sham Biosciences) equilibrated with 20 mM sodium acetate pH 4.8
containing 0.1 M NaCl, which was used as the running buffer. Purified
Bst RNase HIII was concentrated using a Vivapore 10/20 ml
concentrator (Vivascience) to about 16 mgml™, filtrated using
Ultrafree-MC (Millipore) and stored in 20 mM sodium acetate pH 4.8
containing 0.1 M NaCl at 253 K. This procedure yielded roughly
10 mg of highly purified Bst RNase HIII from 1 I culture. The protein
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Figure 1

Plate-like polycrystals of Bst RNase HIII.

Table 1
Statistics of data collection.

Values in parentheses refer to the highest resolution shell (2.95-2.80 /a\).

X-ray wavelength (A) 0.9

Temperature (K) 100

Space group P2,2;2

Unit-cell parameters (A) a=66.73,b=108.62, c = 48.29
Resolution range (A) 29.0-2.80

No. of measured reflections 34825

No. of unique reflections 8930

Ruerget (%) 11.4 (28.2)

Data completeness (%) 98.4 (98.4)

Average I/o(I) 53(24)

T Rueree = 2 Mt — L)1/ Tyg» Where Iy is the intensity measurement for the
reflection with indices hkl and ([;;) is the mean intensity for multiply recorded
reflections.

concentration was determined from UV absorption using a cell with
an optical path length of 1 cm and an Ag, value of 0.73 for 0.1%
solution. The purity of the protein was confirmed by SDS-PAGE
(Laemmli, 1970) followed by staining with Coomassie Brilliant Blue.

2.2. Crystallization

The crystallization condition was initially screened using crystal-
lization kits from Hampton Research (Crystal Screens I, IT and Cryo).
The conditions were surveyed using the sitting-drop vapour-diffusion
method at 293 K. Drops were prepared by mixing 1 pl each of
the protein solution and the reservoir solution and were vapour-
equilibrated against 100 pl reservoir solution. Needle-like poly-
crystals appeared after a few days using Crystal Screen Cryo solution
No. 17 (0.085 M Tris-HCl pH 8.5, 0.17 M lithium sulfate, 25.5% PEG
4000, 15% glycerol). The crystallization condition was further opti-
mized and plate-like polycrystals suitable for X-ray diffraction
analysis appeared when the drop was prepared by mixing 2 pl protein
solution and 3 pl reservoir solution and vapour-equilibrated against
100 pl reservoir solution at 283 K. The crystal usually grew such that
single crystals overlapped cohesively. The single crystals were sepa-
rated from each other using Micro Tools (Hampton Research).

2.3. Data collection

A crystal of Bst RNase HIII was mounted on a CryoLoop
(Hampton Research) without adding cryoprotectant and then flash-
frozen in a nitrogen-gas stream at 100 K. X-ray diffraction data were
collected at 100 K on the BL44XU station at SPring-8, Japan using a
DIP6040 multiple imaging-plate diffractometer. A total of 180 images
were recorded with an exposure time of 10s per image and an
oscillation angle of 1.0°. The data were processed using the programs
MOSFLM (Leslie, 1992) and SCALA from the CCP4 suite (Colla-
borative Computational Project, Number 4, 1994).

3. Results

The crystals appeared after a few days and grew to maximum
dimensions of 0.6 x 0.1 x 0.05mm after about 10d (Fig. 1). The
crystals diffracted to 2.8 A. A total of 34 825 measured reflections
were merged into 8930 unique reflections with an Rpere of 11.4%.
The crystals belong to the primitive orthorhombic space group
P2,2,2, with unit-cell parameters a = 66.73, b = 108.62, ¢ = 48.29 A.
Table 1 summarizes the data-collection statistics. Based on the
molecular weight and the space group, the crystal was assumed to
contain one protein molecule per asymmetric unit, giving a V; value
of 2.59 A>Da™"! and a solvent content of 52.2%. These values are
within the ranges frequently observed for protein crystals (Matthews,
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1968), suggesting that this crystal is suitable for structural determi-
nation. Two heavy-atom derivatives have also been found and
determination of the crystal structure by multiple isomorphous
replacement is in progress.

The synchrotron-radiation experiments were performed at the
BL44XU in SPring-8 with the approval of the Japan Synchrotron
Radiation Research Institute (JASRI; Proposal No. C03AB44XU-
7424-N). We thank Drs T. Inoue, Y. Kai and Y. Tsunaka for their
support in X-ray crystallography and helpful discussions and Dr M.
Morikawa for helpful discussions. This work was supported in part by
a Grant-in-Aid for the National Project on Protein Structural and
Functional Analyses and by a Grant-in-Aid for Scientific Research
(No. 16041229) from the Ministry of Education, Culture, Sports,
Science and Technology of Japan and by an Industrial Technology
Research Grant Program from the New Energy and Industrial
Technology Development Organization (NEDO) of Japan.
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