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BRD2 is a bromodomain-containing BET-family protein that associates with

acetylated histones throughout the cell cycle. Although the tertiary structures of

the bromodomains involved in histone acetyl transfer are already known, the

structures of the BET-type bromodomains, which are required for tight

association with acetylated chromatin, are poorly understood. Here, the

expression, purification and crystallization of the C-terminal bromodomain of

human BRD2 are reported. The protein was crystallized by the sitting-drop

vapour-diffusion method in the orthorhombic space group P21212, with unit-cell

parameters a = 71.78, b = 52.60, c = 32.06 Å and one molecule per asymmetric

unit. The crystal diffracted beyond 1.80 Å resolution using synchrotron

radiation.

1. Introduction

Eukaryotic genomic DNA forms a nucleoprotein complex with core

histone particles, composed of H2A, H2B, H3 and H4 (Kornberg &

Lorch, 1999). Each core histone has N- and C-terminal flanking tail

regions and a central core domain. Several amino acids in the histone-

tail regions are covalently modified by various enzymes (Strahl &

Allis, 2000). The combinations of the histone-tail modifications are

the key to determining the active or inactive state of the nucleosome

and the particular DNA-mediated reaction(s) (Strahl & Allis, 2000;

Roth et al., 2001; Fischle et al., 2003). Acetylation of the histone tails is

one of the important hallmarks for the activation of the nucleosomal

state (Roth et al., 2001). The acetylated N-terminal tails of the

histones are specifically recognized by the bromodomain, which is

present in different histone-associated factors, including acetyl-

transferases, chromatin-remodelling factors and BET-family proteins

(Haynes et al., 1992; Zeng & Zhou, 2002).

The BET family of nuclear proteins contain two tandem bromo-

domains and an additional ET domain (Dey et al., 2000). BRD2, a

BET-family member, selectively interacts with the acetylated lysine

12 of histone H4 through its bromodomains and leads to transcription

activation in vivo (Kanno et al., 2004). Notably, BRD2 strongly

associates with acetylated chromatin during mitosis, in contrast to the

observation that other non-BET bromodomain proteins dissociate

from the chromatin during mitosis (Kanno et al., 2004). Although this

retention on chromosomes during mitosis is supposed to be a unique

feature of the BET-family proteins (Dey et al., 2000, 2003; Kanno et

al., 2004), it is still unclear how the BET-type bromodomains recog-

nize the acetylated histone. We recently showed that the N-terminal

bromodomain of BRD2 forms a dimer in the crystal as well as in

solution (Nakamura et al., 2007). To understand the molecular

mechanism of the association of BRD2 with mitotic chromosomes, we

have studied the C-terminal bromodomain structure of human BRD2

(amino-acid residues 348–455; hereafter, we refer to this bromo-

domain as BD2). In this report, we describe the expression, purifi-

cation, crystallization and preliminary crystallographic studies of the

BRD2 bromodomain BD2.
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2. Materials and methods

2.1. Construction of the expression vector

The cDNA encoding the C-terminal bromodomain of human

BRD2 (BD2; residues 348–455) was amplified by PCR using a human

BRD2 cDNA clone (OriGene Technologies, Inc.) with forward

primer 50-GGGATGCGGGCATATGCAGGATCCGGAACAGTT-

AAAACATTGC-30 and reverse primer 50-GGGATGCGGGCTC-

GAGTCATTAATCTGGCATCTTGGCATAAC-30. The amplified

cDNA fragment was digested with NdeI and XhoI and was ligated

into the pET15b vector (Novagen). The orientation and the complete

coding sequence of this subclone, pET15b-BRD2BD2, were

confirmed by DNA sequencing.

2.2. Expression and purification

Escherichia coli strain BL21 Star (DE3) (Invitrogen) was trans-

formed with pET15b-BRD2BD2 and grown at 303 K in LB medium

containing 50 mg ml�1 ampicillin until the OD600 reached 0.7–0.8.

Overexpression of the six-His-tagged BD2 protein was induced by

the addition of 1.0 mM IPTG. After a 3 h culture at 303 K, the cells

were harvested by centrifugation, resuspended in buffer containing

20 mM MES pH 5.5, 20 mM imidazole and 100 mM NaCl and lysed

using a sonicator. The cell lysate was centrifuged at 16 000g for

20 min at 277 K. The supernatant was filtered using a MILLEX-HV

PVDF 0.45 mm filter (Millipore) and was applied onto a column

containing HisTrap resin (GE Healthcare). The six-histidine-tagged

BD2 protein was eluted with buffer containing 20 mM MES pH 5.5,

500 mM imidazole and 100 mM NaCl and the tag was cleaved at

277 K for 16 h using 500 units of thrombin per approximately 20 mg

of BD2 protein. The tag-cleaved BD2 protein has three non-native

residues (Gly-Ser-His) at its N-terminus. This reaction mixture was

loaded onto a HiPrep 26/10 desalting column (GE Healthcare) and

the fraction containing the BD2 protein was eluted with a buffer

containing 20 mM MES pH 5.5, 100 mM NaCl and 2 mM DTT. The

thrombin was removed using a Benzamidine-Sepharose 6B column

(GE Healthcare). The BD2 fraction was loaded onto a 1 ml column of

HiTrap SP (GE Healthcare), which was eluted using a linear gradient

of NaCl (from 0.1 to 1.0 M). The eluted BD2 fraction was further

loaded onto a gel-filtration HiLoad 16/60 Superdex 75 column (GE

Healthcare) and the BD2 protein was eluted as a single peak. The

BD2 protein was analyzed by SDS–PAGE and Coomassie Brilliant

Blue staining (Fig. 1).

2.3. Crystallization

Crystallization trials were performed by the sitting-drop vapour-

diffusion method at 293 K. The drops were prepared by mixing 1.0 ml

BD2 protein solution (6–9 mg ml�1) in 20 mM Tris–HCl buffer pH

8.0 containing 150 mM NaCl and 2 mM DTT with 1.0 ml reservoir

solution on siliconized cover slides and were equilibrated against

500 ml reservoir solution. Typical single crystals appeared within

3–7 d in a precipitant solution containing 30–34% PEG MME 2000

and 0.1 M Tris–HCl pH 8.0 (Hampton Research) (Fig. 2).

2.4. Data collection

The crystal was briefly soaked in a cryoprotectant solution

containing 30% PEG MME 2000, 0.1 M Tris–HCl pH 8.0 and 10%

glycerol (Hampton Research). Diffraction data were collected from a

single crystal using a Jupiter CCD detector on beamline BL26B1 at

SPring-8, Harima, Japan. The wavelength used was 1.0 Å and the

incident beam was collimated to 0.1 mm in diameter. The crystal-to-

crystallization communications

614 Umehara et al. � BRD2 bromodomain Acta Cryst. (2007). F63, 613–615

Figure 1
Purification of the C-terminal bromodomain of human BRD2: an SDS–PAGE
profile of the purified BD2 bromodomain. Lane 1, molecular-weight markers. The
size of each protein band is shown on the left in kDa. Lane 2, purified BD2
bromodomain fraction. Electrophoresis was performed with a 17.5% SDS
polyacrylamide gel, which was stained with Coomassie Brilliant Blue.

Figure 2
Single crystal of the human BRD2 bromodomain BD2.

Table 1
Data-collection and processing statistics.

Values in parentheses are for the last shell (1.86–1.80 Å).

Space group P21212
Unit-cell parameters (Å) a = 71.78, b = 52.60, c = 32.06
Resolution range (Å) 50–1.80
Wavelength (Å) 1.0
No. of measured reflections 184981
No. of unique reflections 11743
Rmerge† (%) 7.2 (24.7)
Completeness (%) 99.5 (95.2)
Redundancy 6.8 (6.0)

† Rmerge =
P

h

P
i jIðhÞi � hIðhÞij=

P
h

P
i IðhÞi , where I(h) is the observed intensity of

reflection h, hI(h)i is the mean intensity of reflection h over all measurements of I(h),
P

h

is the sum over all reflections and
P

i is the sum over i measurements of reflection h.



detector distance was set to 170 mm and the oscillation range was 1.0�

with an exposure time of 10 s. A complete data set was collected in a

nitrogen-gas stream at 100 K to a maximum resolution of 1.80 Å.

Diffraction images were processed and scaled using the HKL-2000

suite (Otwinowski & Minor, 1997).

3. Results

The bromodomain BD2 of human BRD2 was purified to more than

95% homogeneity, as judged by the SDS–PAGE profile (Fig. 1), and

crystallization screening was performed using the protein sample.

Single crystals with dimensions of approximately 0.1 � 0.5 � 0.5 mm

were obtained using PEG MME 2000 as the major precipitant (Fig. 2).

The crystal diffracted to beyond 1.80 Å resolution using synchrotron

radiation (Fig. 3). The crystals belong to the monoclinic space group

P21212, with unit-cell parameters a = 71.78, b = 52.60, c = 32.06 Å. The

data-collection statistics of the processed data are summarized in

Table 1. A total of 184 981 measured reflections were merged into

11 743 unique reflections with an Rmerge of 7.2%. The merged data set

is 99.5% complete to 1.80 Å resolution. A Matthews coefficient value

of 2.5 Å3 Da�1 (Matthews, 1968), with a solvent content of 51%, was

obtained by assuming the presence of one molecule in the asymmetric

unit and a molecular weight of about 12 000 Da. The molecular-

replacement procedure, using the program MOLREP (Vagin &

Teplyakov, 1997) from the CCP4 suite (Collaborative Computational

Project, Number 4, 1994), was employed to determine the BD2

structure. The BD2 structure of BRD2 was solved using the

N-terminal bromodomain structure of BRD2 (Nakamura et al., 2007),

which possesses about 44% sequence identity, as a model. Crystallo-

graphic refinement is now in progress.
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Figure 3
X-ray diffraction pattern of the BRD2 BD2 crystal collected at beamline BL26B1,
SPring-8. The crystal-to-detector distance was 170 mm, the oscillation angle was
1.0� and the exposure time was 10 s.


