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Intein homing endonucleases are proteins spliced out from a

precursor protein and site-speci®c enzymes that make double-strand

breaks in inteinless alleles. Crystals of intein homing endonuclease II

from the hyperthermophilic archaeon Pyrococcus kodakaraensis

strain KOD1 (PI-PkoII) have been grown at room temperature using

ammonium sulfate as a precipitant. The diffraction pattern of the

crystal extends to 3.0 AÊ resolution at room temperature upon

exposure to synchrotron X-rays at KEK-PF, Japan. The crystals have

symmetry consistent with space group C2221, with unit-cell

parameters a = 107.6, b = 150.5, c = 146.8 AÊ . A full set of X-ray

diffraction data were collected to 3.0 AÊ Bragg spacing from a native

crystal with an overall Rmerge of 4.8% and a completeness of 96.6%.
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1. Introduction

Inteins are proteins excised from a precursor

protein. The self-excision process, protein

splicing, is a post-transitional process involving

the precise excision of an intervening protein

domain (termed an intein) and the ligation of

the external N- and C-domains (termed

exteins). The ®rst intein discovered was the

Saccharomyces cerevisiae VMA intein

(PI-SceI) intervening in the catalytic subunit of

vacuolar H+-ATPase (Kane et al., 1990). Since

then, inteins have been found in a variety of

proteins in archaea, bacteria and single-cell

eukarya. Although several inteins were iden-

ti®ed experimentally, most of the recently

described inteins were predicted from DNA

sequences (reviewed by Perler et al., 1997). For

an updated list of inteins and their character-

istics, refer to the Intein Database web site at

http://www.neb.com/neb/inteins.html. All inteins

share four conserved splice-junction residues:

Ser, Thr or Cys at the intein N-terminus and a

His±Asn pair at the intein C-terminus

followed by Ser, Thr, Cys at the C-extein

N-terminus. A mechanistic model for protein

splicing has been proposed based on muta-

genesis studies and biochemical analysis of the

intermediates occurring in the splicing

pathway (Xu & Perler, 1996).

Analyses of amino-acid sequences suggest

that most inteins contain a LAGLIDADG

motif characteristic of homing endonucleases,

which were ®rst discovered in mobile self-

splicing introns. The endonuclease activities

of several inteins were detected experimen-

tally. Intein homing endonucleases cleave

DNA within their recognition sequences to

leave four base 30-hydroxyl overhangs. The

recognition sequences are generally asym-

metrical and long, with sizes of 12±40 bp

(Perler et al., 1997). Intein homing endonu-

clease recognizes the DNA sequence lacking

its coding DNA sequence (homing site) and

cleaves the intein-less DNA to initiate intein

homing.

Although many amino-acid sequences of

inteins have been reported, crystal structures

of only two inteins have been determined. One

is the structure of PI-SceI from S. cerevisiae

(Duan et al., 1997) and the other is GyrA intein

(PI-MxeI) found in the bacterial gyrase A

subunit from Mycobacterium xenopi

(Klabunde et al., 1998). There is no structural

information for archaeal inteins. The under-

standing of the protein-splicing process and the

structural correlation of inteins is far from

being systematic or suf®cient based on three-

dimensional structures.

The DNA polymerase gene (polA) from the

hyperthermophilic archaeon P. kodakaraensis

strain KOD1 codes the DNA polymerase

precursor. The precursor protein contains

mature DNA polymerase (KOD DNA poly-

merase) and two inteins, PI-PkoI and

PI-PkoII, with molecular masses of 41 and

62 kDa, respectively (Takagi et al., 1997).

PI-PkoI and PI-PkoII have a conserved

sequence for self-splicing at the N- (Cys and

Ser, respectively) and C-terminus (His-Asn)

and the LAGLIDADG motif of homing

endonuclease. They cleave the DNA regions of

the respective inteinless DNA sequences. The

minimal recognition sequences for the intein

homing endonucleases are 19 bp (50-GATTT-

TAGATCCCTGTACC-30) for PI-PkoI and
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16 bp (50-CAGCTACTACGGTTAC-30) for

PI-PkoII (Nishioka et al., 1998).

We are carrying out crystallographic

studies on the products of the polA gene:

mature KOD DNA polymerase, PI-PkoI

and PI-PkoII. Structural analyses of these

proteins are required in order to reveal

structural information on the protein-

splicing process, correlation between the

extein and the inteins and the molecular

evolution of inteins. We have previously

reported a crystallographic study of KOD

DNA polymerase (Hashimoto et al., 1999).

In this paper, we describe the crystallization

and X-ray crystallographic study of

PI-PkoII. The crystal structure of PI-PkoII

will provide a novel insight based on the

three-dimensional structure of homing

endonuclease.

2. Crystallization

PI-PkoII was overexpressed in Escherichia

coli strain BL21(DE3) as previously

reported (Nishioka et al., 1998). Recombi-

nant protein was puri®ed by heat treatment,

heparin agarose column chromatography

(Sigma) and gel ®ltration (Superdex 75

HR10/30, Pharmacia). Puri®ed PI-PkoII was

concentrated up to about 20 Abs cmÿ1 at

280 nm in a 10 mM sodium phosphate buffer

at pH 7.0 containing 0.1 mM EDTA, 1 mM

DTT and 500 mM NaCl using Centricon-50

concentrators (Amicon). Crystals of PI-

PkoII suitable for diffraction experiments

were obtained at 293 K from hanging drops

consisting of 2 ml of protein solution and 2 ml

of reservoir solution (2.0 M ammonium

sulfate) equilibrated against 500 ml of reser-

voir solution. The crystals reached maximum

dimensions of 0.4 � 0.2 � 0.1 mm in several

days (Fig. 1).

3. Data collection

Crystals of PI-PkoII were mounted in thin-

walled glass capillaries with a small volume

of reservoir solution. X-ray diffraction

measurements were performed at beamline

18B of the Photon Factory at the High

Energy Accelerator Research Organization,

Tsukuba Science City, Japan. The wave-

length used was 1.00 AÊ . The incident beam

was collimated to 0.2 mm in diameter.

Intensity data were collected on 400 �
800 mm imaging plates (Fuji Film Company

Ltd) using the Weissenberg camera for

macromolecules with a radius of 430 mm

(Sakabe et al., 1995; Watanabe et al., 1995)

and the oscillation method with 3� rotation

per frame. The crystals diffracted at least to

3.0 AÊ resolution. The diffraction data were

digitized with a Rigaku image analyzer. The

digital data were then processed and scaled

using the programs DENZO and SCALE-

PACK (Otwinowski & Minor, 1997). A

complete native data set was collected to

3.0 AÊ resolution using a single crystal of

PI-PkoII. Table 1 shows a summary of the

X-ray diffraction data statistics. The outer-

most resolution shell of data (3.11±3.00 AÊ )

has an Rmerge of 25.8% and a completeness

of 96.4%.

We estimated the number of molecules in

the asymmetric unit. Assuming two mole-

cules in the asymmetric unit, the Vm value is

calculated to be 2.4 AÊ 3 Daÿ1 (Matthews,

1968). Structure determination of PI-PkoII

by multiple isomorphous replacement

methods is under way.
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Figure 1
Crystal of intein homing endonuclease II from KOD1
(PI-PkoII).

Table 1
Data-collection statistics for PI-PkoII.

Space group C2221

Unit-cell parameters (AÊ ) a = 107.6, b = 150.5,
c = 146.8

Temperature (K) 293
Wavelength (AÊ ) 1.00
Resolution limits (AÊ ) 67.4±3.0
Measured re¯ections 107 723
Unique re¯ections 23 383
Completeness (%) 96.6
Mean I/�(I) 21.5
Rmerge² (%) 4.8

² Rmerge =
P

h

P
i |I(h)i ÿ hI(h)i|Ph

P
i/I(h)i, where I(h) is

the intensity of re¯ection h and
P

h and
P

i are the

summations over all re¯ections and all measurements i.


