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Crystals of the restriction endonuclease EcoRII have been obtained

by the vapor-diffusion technique in the presence of ammonium

sulfate or polyethylene glycol. The best crystals were grown with

ammonium sulfate as a precipitant. Crystals with dimensions of up to

0.6� 0.6� 0.6 mm have been observed. The crystals diffract to about

4.0 AÊ resolution at a cryo-temperature of 100 K using a rotating-

anode X-ray source and a Rigaku R-AXIS IV imaging-plate detector.

The space group has been determined to be either I23 or I213, with

unit-cell parameters a = b = c = 160.3 AÊ , � = � =  = 90�. The crystal

asymmetric unit contains two protein molecules, and self-rotation

function analysis shows a pseudo-twofold symmetry relating the two

monomers. Attempts to improve the resolution of crystal diffraction

and to search for heavy-atom derivatives are under way.
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1. Introduction

EcoRII is a member of the expanding group of

type II restriction endonucleases, subclass IIe,

which share the distinguishing feature of

requiring cooperativity between two recogni-

tion sites in their substrate DNA (Pein et al.,

1989; Oller et al., 1991; Petrauskene et al., 1992;

Karpova et al., 1993). EcoRII recognizes the

nucleotide sequence 50-CCWGG (W = A or T)

in double-stranded DNA and cleaves it at the

50 end of the ®rst cytosine base. The endo-

nuclease activity is inhibited by C5 methylation

of the second cytosine. The enzyme is cataly-

tically inactive on single recognition sites in

larger DNA molecules and even on two sites in

the same DNA (located `cis') when their site-

separation distance exceeds a critical length.

Hydrolysis of these a priori resistant DNA

substrates can be achieved by the addition of

(i) susceptible EcoRII sites (KruÈ ger et al.,

1988) or (ii) a short synthetic EcoRII recog-

nition site containing oligonucleotide duplexes

(Pein et al., 1989; Petrauskene et al., 1992). The

activation of enzyme occurs when the EcoRII

endonuclease dimer interacts with two DNA

recognition sites (Karpova et al., 1993;

Petrauskene et al., 1994). DNA cleavage

requires the presence of Mg2+ cofactor, but

DNA recognition and binding do not. EcoRII

is a 45.6 kDa protein; its sequence has been

determined (Kossykh et al., 1989; Bhagwat et

al., 1990). However, the structural basis of

EcoRII±DNA interaction has not been eluci-

dated. In fact, to the best of our knowledge,

EcoRII endonuclease has not previously been

crystallized and neither have any other type II

endonucleases of subclass IIe. We report here

the crystallization and preliminary X-ray

diffraction analysis of the restriction endo-

nuclease EcoRII.

2. Materials and methods

EcoRII was isolated from an overproducing

strain, pLK1/E. coli B834 (dcmÿ) and puri®ed

to homogeneity according to the procedure of

Karpova et al. (1999). Endonuclease activity

was examined using the plasmid pBR322

(dcmÿ) isolated from the E. coli strain B834.

Puri®ed protein was concentrated using a

Centricon 30 to 5±15 mg mlÿ1 and was stored

for 1±3 weeks at 277 K prior to crystallization.

Crystallization was performed by the vapor-

diffusion technique in both hanging and sitting

drops. The best crystals were obtained when

2±5 ml of protein in 20 mM Tris±HCl buffer pH

7.5, 1 mM EDTA and 7 mM �-mercap-

toethanol were mixed with an equal volume of

reservoir precipitant solution containing

20 mM Tris±HCl buffer pH 7.5, 1.5 M ammo-

nium sulfate, 1 mM EDTA and 7 mM �-

mercaptoethanol. Crystals usually appeared

within 1±3 weeks. Typically, a crystal was ®rst

transferred to a cryo-protectant solution,

which was prepared by adding glycerol to the

reservoir solution to a ®nal concentration of

20±30%. It was then picked up by a ®ber loop

and ¯ash-frozen at 100 K in a stream of cold

nitrogen gas. Diffraction data were collected

on a Rigaku R-AXIS IV image-plate detector

using Cu K� radiation from a Rigaku RU300

rotating-anode X-ray generator operating at

50 kV and 100 mA. The programs DENZO

and SCALEPACK were used for data

processing and analysis (Otwinowski & Minor,

1996).
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3. Results and discussion

Crystals of EcoRII were obtained with two

precipitants: polyethylene glycol (PEG) and

ammonium sulfate. Crystals grown with

PEG were small and non-reproducible,

while those grown with ammonium sulfate

tended to be larger and more reproducible.

Both the sitting-drop and hanging-drop

methods produced crystals of the same

quality with dimensions up to 0.6 mm (Fig.

1). Crystals decayed rapidly when exposed

to X-rays at room temperature. Therefore, a

variety of cryoprotection solutions and

procedures were tried. Under optimal

conditions, the crystals diffracted to about

4.0 AÊ resolution at cryo-temperatures

(100 K) with our conventional in-house

rotating-anode X-ray source and would be

expected to diffract to higher resolution at a

synchrotron source owing to its much

stronger beam intensity.

Oscillation photos were used in auto-

indexing to determine the unit-cell para-

meters, which were found to be

a = b = c = 160.3 AÊ , � = � =  = 90�. The

crystal had the symmetry of a cubic

I-centered space group. A data set to 4.6 AÊ

was collected with an oscillation range of 2�

for a total of 60� with 60 min exposure per

frame. The data completeness and I/�(I)

were 99.8% and 21.0 overall, respectively,

and were 99.6% and 3.9, respectively, for the

last shell (4.8±4.6 AÊ ). The Rmerge of the data

set for the Laue group m3 was 0.064, while

that for the Laue group m3m was 0.465.

Numerous data sets with other crystals

produced similar statistics. Therefore, the

symmetry of the diffraction pattern was

consistent with the Laue group m3 and the

crystal space group must be either I23 or

I213.

With the known molecular weight of

about 45.6 kDa for an EcoRII monomer and

a crystal volume per asymmetric unit of

171600 AÊ 3, assuming two monomers per

asymmetric unit would yield a Matthews

coef®cient Vm of 1.9 AÊ 3 Daÿ1 (Matthews,

1968) and a solvent content of 36% (West-

brook, 1985). These values of Vm and solvent

content are typical for protein crystals

(Matthews, 1968) and strongly support the

presence of two monomers per asymmetric

unit. In order to determine the relationship

between the two crystallographically distinct

monomers, we calculated the self-rotation

function of the data using the program

MERLOT (Fitzgerald, 1988). In the � = 180�

section (Fig. 2), the three strongest peaks,

with a maximum peak height of 100, at (i)

' = 0,  = 90�, (ii) ' = 90,  = 90�; and

(iii) ' = 0,  = 0� represent the three

crystallographic twofold axes of the crystal.

The three peaks with the second highest

peak height of about 60 at (i) ' = 0,  =

45�, (ii) ' = 90,  = 45� and (iii) ' = 45,

 = 90�, which are related by a crystal-

lographic threefold axis, are non-crystal-

lographic twofold axes relating the two

monomers in the asymmetric unit. The

positions of these pseudo-

twofold axes in relation to the

crystallographic twofold axes in

the rotation map imply that the

crystal may possess pseudo-432

symmetry, while the relative

peak heights indicate that the

crystal does not have true 432

symmetry. Careful re-indexing

and re-examination of the raw

diffraction data recon®rmed the

crystal Laue symmetry to be

m3. The fact that the crystal

asymmetric unit consists of a

dimer is consistent with the

®nding that in solution the active

form of enzyme EcoRII is a

dimer.

In attempting to grow crystals of higher

resolution, we investigated how the presence

of divalent cations affected the resolution

limit. We could not grow crystals with diva-

lent cations in the crystallization solution;

however, soaking crystals with divalent

cations added to the mother liquor slightly

increased the diffraction resolution. Soaking

the crystals with Mg2+ ions, a cofactor of the

enzyme, resulted in crystals which diffracted

to 4 AÊ . This suggests that a likely reason for

low resolution is the ¯exibility of some part

of the EcoRII structure within the crystals,

which is stabilized in the presence of Mg2+,

with a resulting increase in resolution. For

the same reason, we expect that binding the

DNA substrate to EcoRII may also result in

a dramatically improved diffraction resolu-

tion limit. Co-crystallization of EcoRII with

DNA substrates are currently under way. A

search for potential heavy-atom derivatives

is also in progress.
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Figure 1
A crystal of the restriction endonuclease EcoRII. The
longest dimension of the crystal is about 0.6 mm.

Figure 2
A plot of the self-rotation function calculated by the program
MERLOT (Fitzgerald, 1988).


