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The self-complementary DNA heptacosamer (a 27-mer oligonucleotide) with

sequence d(CGAGCACTGCGCAGTGCTCGTTGTTAT) forms a 20-base-pair

duplex flanked by seven-nucleotide overhangs at the 30-terminus. Crystals of the

oligonucleotide were obtained by sitting-drop vapour diffusion and diffracted to

2.8 Å resolution. The oligonucleotide was crystallized at 277 K using poly-

ethylene glycol as a precipitant in the presence of magnesium chloride. The

crystals belonged to the triclinic space group, with unit-cell parameters a = 48.74,

b = 64.23, c = 79.34 Å, � = 91.37, � = 93.21, � = 92.35�.

1. Introduction

Our knowledge of the architectural principles of nucleic acid struc-

ture has advanced significantly over the past decade with the deter-

mination to high resolution of larger structures of great biological

significance. The conformation of DNA structures is fundamental

to diverse DNA transactions such as replication, repair, nucleosome

assembly and regulation of gene expression (Rhodes et al., 1996;

Travers, 2004). Many proteins bind to DNA in a sequence- or

structure-specific manner appropriate to their biological role. Com-

parative structural analyses of DNA oligonucleotides and protein–

DNA complexes have provided insight into the physical principles of

DNA conformation, reorganization and recognition. A self-comple-

mentary oligonucleotide flanked by several extra single-strand

nucleotides is a suitable DNA substrate for proteins which have

an affinity for both duplex and single-strand regions, such as DNA

helicases. A self-complementary nucleotide sequence can potentially

adopt a unimolecular hairpin as well as a bimolecular duplex. The

hairpin structure is favoured at a lower cationic concentration, while

the bimolecular duplex is formed at higher cationic strength (Nakano

et al., 2007). The difference in the preference for secondary-structure

formation depending on the cationic strength can lead to the struc-

tural transition of self-complementary nucleotides from a hairpin to a

bimolecular duplex (Nakano et al., 2007; Hald et al., 1995; Wemmer et

al., 1985; Marky et al., 1983).

The crystal structure of Escherichia coli UvrD helicase has been

determined in complex with multiple self-complementary oligo-

nucleotides that form 18–28-base-pair duplexes flanked by seven-

nucleotide overhangs at the 30-terminus (Lee & Yang, 2006). Because

the UvrD–DNA complex structures were determined in the absence

of the structures of the free DNA oligonucleotides, it is worthwhile

determining the free DNA oligonucleotide structures, which will

provide insight into DNA recognition by UvrD and induced fit by the

DNA-binding motifs of UvrD. In addition, the overhanging nucleo-

tides may project into the groove of a neighbouring duplex in a semi-

continuous stack of duplexes, forming a base triplet (Vlieghe et al.,

1996). On searching the NDB (Berman et al., 1992), the longest

duplex structures found were a 21-base-pair DNA determined by

NMR (Masliah et al., 2008) and a 17-mer oligonucleotide forming a

16-base-pair duplex with a 50-terminal overhang determined by X-ray

crystallography (Huang et al., 2005). The heptacosameric self-

complementary oligonucleotide forming a 20-base-pair duplex

flanked by seven-nucleotide single-strand overhangs at the
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30-terminus is the longest DNA to be crystallized in the absence of

protein. As part of our crystallographic studies on E. coli UvrD

helicase in complex with oligonucleotides containing single-stranded

and double-stranded regions of DNA (Lee & Yang, 2006), here we

report the crystallization and preliminary X-ray data of the hepta-

cosamer with sequence d(CGAGCACTGCGCAGTGCTCGTTGT-

TAT).

2. Materials and methods

2.1. Crystallization

The self-complementary oligonucleotide d(CGAGCACTGCG-

ACGTGCTCGTTGTTAT) was obtained from the Keck Oligo-

nucleotide Synthesis Facility (Yale University). The oligonucleotide

was further purified by reverse-phase HPLC using a Poros Oligo R3

column (Applied Biosystems), detritylation and a final desalting step

using an NAP-25 column (GE Healthcare). The oligonucleotide was

lyophilized prior to solubilization in TE buffer to obtain the final

stock concentration. The concentration of the oligonucleotide was

measured at 260 nm using an absorption coefficient of

247 700 l cm�1 mol�1. The oligonucleotide was annealed by heating

to 363 K for 10 min and gradual cooling to room temperature.

The purified oligonucleotide was resuspended in ice-cold buffer

(20 mM Tris–HCl pH 8.0, 0.15 M KCl, 5 mM MgCl2, 1 mM DTT and

5% glycerol). The final concentration of the oligonucleotide used

in crystallization trials was about 0.05 mM. Crystallization was per-

formed by the sitting-drop vapour-diffusion method using 96-well

CrystalQuick plates (Greiner Bio-One) at 277 K. Each sitting drop,

which was prepared by mixing 1 ml each of oligonucleotide solution

and reservoir solution, was placed over 0.1 ml reservoir solution.

Results from the initial searches for crystallization conditions per-

formed using Crystal Screen I (Jancarik & Kim, 1991), Crystal Screen

II, Natrix, PEG/Ion and Index Screens (Hampton Research) and

Wizard I and II (DeCODE Genetics) were optimized.

2.2. X-ray data collection

Crystals were transferred into a cryoprotectant solution containing

20%(v/v) glycerol in reservoir solution and then flash-cooled in liquid

nitrogen. X-ray diffraction data were collected from crystals at 100 K

in the nitrogen-gas stream from an Oxford Cryojet system with a

MAR 300 CCD detector using synchrotron radiation on SER-CAT

beamline 22-ID at the Advanced Photon Source, Argonne National

Laboratory. Data were collected using a 1� oscillation per image with

a crystal-to-detector distance of 300 mm and a total of 360 frames

were recorded. A data set was collected to 2.8 Å resolution from a

single crystal. Data were processed and scaled using DENZO and

SCALEPACK from the HKL program suite (Otwinowski & Minor,

1997).

3. Results

The self-complementary DNA heptacosamer d(CGAGCACTGC-

GCAGTGCTCGTTGTTAT) was synthesized and purified for crys-

tallization experiments using reverse-phase HPLC. Crystals of the

oligonucleotide were obtained by sitting-drop vapour diffusion at

277 K. The optimized reservoir solution for crystallization was

20%(v/v) polyethylene glycol (PEG) 3350, 0.1 M bis-tris pH 5.5 and

0.25 M magnesium chloride. Crystals grew reproducibly to maximum

dimensions of approximately 0.2 � 0.15 � 0.05 mm within two weeks

(Fig. 1). Crystals were exchanged into a cryoprotectant consisting

of 25%(v/v) PEG 3350, 0.25 M MgCl2, 0.1 M bis-tris pH 5.5 and

20%(v/v) glycerol. A crystal was flash-cooled in liquid nitrogen and

diffracted to 2.8 Å resolution with a slightly anisotropic diffraction

pattern. The crystal belonged to the triclinic space group P1, with

unit-cell parameters a = 48.74, b = 64.23, c = 79.34 Å, � = 91.37,

� = 93.21, � = 92.35�. A total of 21 117 unique reflections were

measured with 90.3% completeness at 2.8 Å resolution. Solvent-

content analysis using the program MATTHEWS_COEF (Kantard-

jieff & Rupp, 2003) indicated that the crystal could contain between

five and eight molecules of the bimolecular duplex in the asymmetric

unit. The Matthews coefficient ranged from 1.85 to 2.96 Å3 Da�1 and

the solvent content from 55.1% to 72.0%, based on a partial specific

volume of 0.5 cm3 g�1 (Matthews, 1968; Cohen & Eisenberg, 1968).

Table 1 summarizes the statistics of data collection. Structure deter-

mination is currently ongoing using molecular replacement with the

program Phaser (Storoni et al., 2004) with a model based on either

ideal B-DNA or the 20-base-pair duplex DNA from the UvrD–DNA

complexes (Lee & Yang, 2006). Six molecules of duplex DNA were

found in the asymmetric unit and were refined as a rigid body with

a correlation coefficient of 0.771 and an R factor of 43.4% with

REFMAC5 (Murshudov et al., 1999) using data in the resolution

range 30.0–2.8 Å. Model improvement and refinement of the struc-

ture are in progress.

We thank the staff members at Advanced Photon Source beamline

22-ID (SER-CAT) for their help with data collection. This research

was supported by the Basic Science Research Program through the

crystallization communications

540 Yeo & Lee � Self-complementary DNA heptacosamer Acta Cryst. (2010). F66, 539–541

Figure 1
Triclinic crystals of a self-complementary DNA heptacosamer. Their approximate
dimensions are 0.2 � 0.15 � 0.05 mm.

Table 1
Data-collection statistics for the DNA heptacosamer crystal.

Values in parentheses are for the highest resolution shell.

Wavelength (Å) 1.000
Space group P1
Unit-cell parameters (Å, �) a = 48.74, b = 64.23, c = 79.34,

� = 91.37, � = 93.21, � = 92.35
Temperature (K) 100
Resolution range (Å) 50.0–2.80 (2.90–2.80)
No. of observations 64279
Unique reflections 21117
Data completeness (%) 90.3 (57.4)
Redundancy 3.1 (2.5)
Average I/�(I) 29.2 (2.4)
Rmerge† (%) 6.0 (26.7)

† Rmerge =
P

hkl

P
i jIiðhklÞ � hIðhklÞij=

P
hkl

P
i IiðhklÞ, where I(hkl) is the intensity of

reflection hkl,
P

hkl is the sum over all reflections and
P

i is the sum over i measurements
of reflection hkl.
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