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BRD7 was first identified as a novel bromodomain gene
related to nasopharyngeal carcinoma (NPC) [1,2]. Over-
expression of BRD7 in NPC cells inhibits cell growth and
cell cycle progression from G1 to S phase by transcriptional
regulation of important molecules involved in Ras/MEK/
ERK, Rb/E2F, and b-catenin pathways [3–5]. BRD7 is
mainly localized in the nucleus and possesses a functional
nuclear localization signal sequence [5]. It has been identi-
fied as a subunit of the SWI/SNF chromatin-remodeling
complexes and is involved in the regulation of transcription
as a transcription factor [6,7].

BRD7 is highly conserved in multiple animal species, of
which, the mouse may be an excellent animal model to in-
vestigate the function of BRD7. In our recent study, we have
developed a BRD7 knock-out mouse model using C57BL
mice (data not shown), which is being used to investigate the
in vivo biological function of BRD7. In addition, BRD7 is a
member of the bromodomain family, which consists of
several members, such as BRD2, BRD3, BRD9, and BRDT,
and all of these proteins have one or more bromodomains
that are strikingly homologous to each other [8]. Therefore, a
highly specific antibody to BRD7 that could not only recog-
nize mouse BRD7 but also differentiate BRD7 protein from
other members of the bromodomain family is necessary for
the functional investigation of BRD7 in the mouse model.

In this study, we first aligned BRD7 protein sequences
from multiple species using the ClustalW program, and the
percentage of amino acid sequence identity compared with
human is shown in Fig. 1A. This analysis supports that BRD7
protein is highly conserved among mammalian species, such
as human, monkey, cow, and mouse. Interestingly, the mouse
BRD7 is composed of 651 amino acids and has 88% se-
quence identity with the human homolog. Phylogenetic ana-
lysis with the maximum-likelihood method revealed that the

human BRD7 grouped with the monkey homolog, while
the mouse BRD7 represents a closely related group (Fig. 1B).
Based on the analysis of homology and phylogenetics, and
the evaluation of economic cost and maneuverability, the
mouse would be an excellent animal model for investigation of
BRD7 function. We further compared the homology of the bro-
modomain in each member of bromodomain family, such as
BRD2, BRD3, BRD4, BRD7, BRD9, and BRDT, and found
that the bromodomain in BRD7 has more than 60% amino acid
identity shared with the other members of the bromodomain
family, especially the amino acid identity is up to 84% between
BRD7 and BRD9 (Fig. 1C), suggesting that the immunogenic
region from BRD7 used for antibody preparation should
exclude the bromodomain. We further predicted the immuno-
genicity region by bioinformatics and found that the region
from amino acids 240–360 has more B-cell epitopes and
lower homology with other proteins (data not shown), sug-
gesting that this region named as mBRD7M is suitable for
antibody preparation. The diagram of mBRD7 protein was
shown in Fig. 1D, where the positions of mBRD7 bromodo-
main and mBRD7M fragment used for immunization were
indicated, respectively, and the amino acid sequence of
mBRD7M fragment is shown in Fig. 1E.

To incorporate the peptides coded by amino acids 240–360
of mBRD7, we constructed a prokaryotic expression vector.
The mBRD7M fragment from nucleotides 718 to 1080 encod-
ing the 121 amino acids of the middle region of the mBRD7
protein was amplified by polymerase chain reaction. After di-
gestion with EcoRI and XhoI (Promega, Madison, USA), the
fragment was inserted into the pGEX-4T-1 vector (Amersham
Pharmacia Biotech, Buckinghamshire, UK), and the recom-
binant constructs were confirmed by digesting with EcoRI
and XhoI and DNA sequencing (data not shown). The pro-
karyotic expression plasmid of pGEX-4T-mBRD7M was
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introduced into Escherichia coli BL21 according to standard
protocol. Isopropylthio-b-galactoside (IPTG; Promega) was
used to induce to the expression of the fusion protein. As
expected, the GST-BRD7M fusion protein was highly and
rapidly expressed in E. coli, and efficient expression of
BRD7M could be achieved with 0.5 mM IPTG for 3.5 h at
378C. Western blot analysis was performed to confirm the
expression GST-mBRD7M with glutathione S-transferase
(GST) antibody. Figure 2A shows that a main band with a
molecular mass of 39 kDa was detected. After being purified
by affinity chromatography, a band of the recombinant GST-
BRD7M protein could predominantly be seen in the sodium
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS–
PAGE) gel stained with Coomassie bright blue (Sigma, St
Louis, USA), indicating that GST-mBRD7M was highly
purified (Fig. 2B). The total amount of purified protein was
.2 mg in 600 ml mixture, and the protein remained intact

with no proteolytic degradation during the purification
procedure.

Two rabbits were immunized with the purified protein.
After five booster immunizations, the anti-sera were harvested
100 days post-primary immunization and subjected to affinity
purification. A GST-Sepharose 4B affinity chromatography
column was used in the purification system. Enzyme-linked
immunosorbent assay (ELISA) results showed that the final
titer of the purified rabbit anti-BRD7 serum from these two
rabbits was 1 : 100,000, and the titer of flow through was 1 :
2000 or 1 : 500 (Fig. 2C). Rabbit serum collected before the
day of primary immunization was applied as a negative
control. Results from SDS–PAGE combined with bovine
serum albumin (Sigma) showed that the estimated concentra-
tion of BRD7 antibody was 525 mg/ml for Rabbit 1 and
600 mg/ml for Rabbit 2 (Fig. 2D). Western blot results showed
that these anti-sera were able to recognize recombinant

Figure 1. Sequence alignment and phylogenetic analysis of BRD7 homologs using ClustalW software (A) Percentage of amino acid sequence

homolog of BRD7 protein from different species compared with humans. The amino acid identities are shown on the top of the column. (B) Phylogenetic

analysis of BRD7 homologs using full-length amino acid sequences. The consensus tree was generated by the maximum-likelihood analysis (PHYLIP

3.6a3). The numbers next to each species indicate evolutionary distance, which measures the evolutionary divergence between two homologous sequences.

(C) Homolog comparison of bromodomains between BRD7 and BRD9. The amino acid sequences of bromodomain in BRD7 and BRD9 were shown in the

first lane and third lane, respectively, and the middle lane represents identical amino acids. Up to 84% identity of amino acid sequence between them was

found. (D) The diagram of mouse BRD7 protein. The positions of bromodomain and mBRD7M fragment used for immunization were indicated,

respectively. (E) The amino acid sequence of mBRD7M fragment used for immunization.
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GST-BRD7M fusion protein with a molecular mass of
39 kDa, and the same was recognized by the anti-GST mono-
clonal antibody (Santa Cruz Biotechnology, Santa Cruz, USA)
(Fig. 2E), suggesting that mBRD7 antibody had been success-
fully generated.

After obtaining the purified mBRD7 antibody, we per-
formed western blot and immunofluorescence assays to further
confirm the specificity. First, we transfected the constructs
of pIRES-Neo3-Flag-mBRD7 into 3T3 cells and the blank
vector was used as a control. Two days after transfection, we
collected the cells and extracted the protein for western blot-
ting analysis. Three kinds of antibodies, GST, mRRD7, and
Flag, were used to simultaneously detect the expression of
mBRD7. GST was used as a control. As shown in Fig. 3A, we
found that the purified mBRD7 antibody could recognize the
exogenously expressed Flag-BRD7, with a molecular mass of
about 85 kDa, which corresponds to that recognized by mono-
clonal anti-Flag (Sigma) in the above cells (Fig. 3A, right lane
2) and has no cross-reactivity with GST (Fig. 3A, left lane 2).
Moreover, weak endogenous BRD7 band was shown in 3T3
cells (Fig. 3A, middle lane 1) and merged with the exogenous
BRD7 in BRD7-transfected cells (Fig. 3A, middle lane 2).
Moreover immunofluorescence assay was further carried out
to investigate the expression and subcellular localization of

endogenous mBRD7 protein in 3T3 cells. Results showed that
mBRD7 protein recognized by mBRD7 antibody is localized
in the nucleus in a dotted distribution pattern (Fig. 3B), which
is similar to the subcellular localization of the human BRD7
protein reported previously [5]. Furthermore, immunohisto-
chemistry assay was performed to detect the application of
BRD7 anti-sera with testis sections from adult mouse, and
pre-immune sera were used as a control. Results showed that
BRD7 was highly expressed in multiple steps of spermatids
and localized in the nucleus (Supplementary Fig. S1).

In summary, we explored an approach to generate a highly
specific polyclonal antibody against mouse BRD7 and showed
that the prepared BRD7 antibody is able to specifically recog-
nize both endogenous and exogenous protein. Moreover, this
antibody could be used for the detection of BRD7 protein via
western blot analysis, immunofluorescence, and immunohisto-
chemistry assays. In particular, the prepared mBRD7 antibody
will be helpful for studying the bio-functions of endogenously
or exogenously expressed BRD7 protein in mouse models by
in vitro or in vivo experiments.

Supplementary Data

Supplementary data is available at ABBS online.

Figure 2. Purification of GST-mBRD7M fusion protein and preparation of anti-mBRD7 serum (A) GST-BRD7M fusion protein with a molecular

mass of 39 kDa was detected by western blot with GST antibody. (B) GST-mBRD7M was highly purified by affinity chromatography. A band of

recombinant GST-BRD7M protein could predominantly be seen in the SDS–PAGE gel stained with Coomassie bright blue. (C) The final titer of the

purified anti-BRD7 serum was detected by ELISA assay. Lane 1: serum; lane 2: flow through; lane 3: purified antibody. No.1 and No. 2 represent number of

rabbits used for preparation of anti-BRD7 serum, respectively. (D) The estimated concentration of anti-BRD7 serum was determined by SDS–PAGE stained

with Coomassie bright blue. (E) The anti-sera were confirmed to recognize recombinant GST-BRD7M fusion protein by western blot assay. Lane 1. GST

antibody; lane 2: mBRD7 antibody.
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Figure 3. mBRD7 antibody specifically recognizes endogenous and exogenous mBRD7 protein (A) Expression of mBRD7 protein in NIH3T3 cells

with transfection of blank vector or mBRD7 construct by western blot assay with different antibodies to GST, mBRD7, and flag, respectively. The right

panel shows the western blot results with anti-GST, the middle panel shows the results with anti-BRD7 sera, and the left panel is with anti-flag. Lane 1: 3T3

cells with the transfection of blank vector; lane 2: 3T3 cells with the transfection of mBRD7 construct. (B) Expression and subcellular localization of

endogenous mBRD7 protein in 3T3 cells was detected with mBRD7 antibody by immunofluorescence assay. Left panel: BRD7; middle panel: DAPI

staining; right panel: merge of the left and middle panels.
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