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Abstract
Brd4 is a member of the BET (bromodomains and extraterminal) subfamily of bromodomain proteins
that includes chromatin-modifying proteins and transcriptional regulators. Brd4 has a role in cell
cycle progression, making it indispensable in mouse embryos and cultured cells. The N-terminal
domain of Brd4 participates in a fusion oncogene. Brd4 associates with acetylated histones in
chromatin, and this association persists during mitosis implicating Brd4 in epigenetic memory. Brd4
sequence, particularly the bromodomains and ET domain, is conserved in the zebrafish and Xenopus
laevis proteins reported here. Brd4 is expressed and localized on mitotic chromosomes in early
zebrafish embryos before and after the midblastula transition (MBT), indicating that the Brd4-
chromosome association is a conserved property that is maintained even prior to zygotic transcription.
The association of Brd4 with acetylated histones may also be conserved in early embryos as we found
that histones H3 and H4 are already acetylated during pre-MBT stages.
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Introduction
The bromodomain is a conserved motif of approximately 110 amino acids that contains four
alpha-helices (Haynes et al., 1992; Zeng and Zhou, 2002). It is found in many proteins involved
in transcriptional regulation, and in chromatin-associated proteins such as histone acetylases
and chromatin remodeling factors (Dhalluin et al., 1999; Winston and Allis, 1999; Aparicio,
2000). The bromodomain binds acetylated lysine residues in histones, and shows specificity
for certain modified residues (Jeanmougin et al., 1997; Zeng and Zhou, 2002; Kasten et al.,
2004).
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Brd4 is a member of the BET subfamily of proteins which contain two copies of the
bromodomain and a functionally undefined ET domain (Jeanmougin et al., 1997; Wu and
Chiang, 2007). Members of the BET family include Drosophila Fsh (Digan et al., 1986; Haynes
et al., 1989), yeast BDF1 (Chua and Roeder, 1995), and mammalian BRD2, BRD3, and BRDT
(Jones et al., 1997; Shang et al., 2007). Brd4 has been shown to regulate cell growth in cultured
cells (Dey et al., 2000; Maruyama et al., 2002). Supporting the role of Brd4 in growth
regulation, brd4 null mice display early embryonic lethality, and heterozygote mutant mice
show growth defects associated with reduced cell proliferation (Houzelstein et al., 2002).

A previous study demonstrated that Brd4 dynamically interacts with acetylated histones in
interphase nuclei (Dey et al., 2003). Another characteristic feature of Brd4 is its localization
on condensed chromosomes during mitosis as its binding to acetylated histones persists (Dey
et al., 2000; Dey et al., 2003). Since acetylated histones are generally found in transcriptionally
active regions of the genome, Brd4 may recognize acetylated histone codes during interphase
and mitosis, thereby maintaining the information in the codes across cell division (Jeanmougin
et al., 1997; Strahl and Allis, 2000). A recent study found that Brd4 also associates with meiotic
chromosomes (Nagashima et al., 2007). The interaction of Brd4 with mitotic chromosomes is
disturbed upon treatment with antimicrotubule drugs such as nocodazole (Maruyama et al.,
2002). When nocodazole was removed, Brd4 was reloaded onto the chromosomes, and the
cells proceeded to complete division. Therefore, Brd4 also plays an integral part in mitotic
progression.

Recently, Brd4 was found to interact with the P-TEFb complex that phosphorylates polymerase
II during transcription. Brd4 plays a critical role in stimulating the activity of P-TEFb and in
transcription elongation (Jang et al., 2005; Yang et al., 2005). Furthermore, Brd4 interacts with
papilloma virus E2 protein, and this association is important for transcriptional regulation and
mitotic segregation of viral genomes (You et al., 2004; Wu et al., 2006).

Because of its continued association with mitotic chromosomes, Brd4 may have a role in
epigenetic memory. The determination state of many cells in vivo is stable for prolonged
periods of time during which the cell may undergo multiple rounds of division. This stability
requires information transfer through cell division. As most DNA-binding proteins are released
in mitosis, those that remain associated with mitotic chromosomes may transmit information
across mitosis. Because Brd4 has been implicated in epigenetic memory, it is interesting to
study its behavior in the early embryo of lower vertebrates where zygotic transcription is
initiated only after completion of multiple rounds of cell division at the midblastula transition
(MBT). For this reason we have isolated the zebrafish and Xenopus brd4 genes, and studied
the localization of Brd4 protein in the zebrafish embryo during early embryogenesis. We found
that zebrafish Brd4 is co-localized with acetylated histones on mitotic chromosomes even
before zygotic transcription is initiated.

Results
Identification of zebrafish and Xenopus Brd4

To obtain the brd4 genes from zebrafish and Xenopus we identified EST clones that represent
this gene, generated full-length ORFs by RT-PCR, and re-sequenced the genes from both
species (see Experimental Procedures). As is common in X. laevis, two closely similar
pseudoalleles of the brd4 gene exist in this species. We compare the Xenopus and zebrafish
proteins with those from human and mouse as well as two isoforms of Fugu brd4 which we
identified in the Fugu genome database. The domain structure of Brd4 is highly conserved, as
is the sequence in the two bromodomains and the ET domain (Fig. 1A; Supplemental Fig. 1).
Each bromodomain (BD1 and BD2) is more highly conserved between species than the
sequence between BD1 and BD2 within the same protein (Supplemental Table 1), as expected
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from the conservation of domain structure in the BET family from yeast to flies to mammals
(Jeanmougin et al., 1997). An additional conserved 11 amino acid region occurs between BD1
and BD2 which includes a nuclear localization signal. In addition, striking homology is found
in several patches in the C-terminal domain (Supplemental Fig.1). Among them, the highly
conserved sequence at the extreme C-terminus (Fig. 1A) has been shown to interact with the
papilloma virus E2 and P-TEFb (You et al., 2004;Bisgrove et al., 2007). Amino acid sequences
outside of the conserved domains diverge, particularly in the C-terminal portion of the protein.
As a result, the overall sequence identity between species is only 57-67 %, except between
mouse and human (Fig. 1B). The zebrafish brd4 gene maps to chromosome 3 near the telomere.

brd4 is widely expressed in zebrafish and Xenopus embryos
Zebrafish brd4 mRNA was found in the fertilized egg before MBT (Fig. 2A, 2 cell), and was
expressed ubiquitously at relatively high levels from gastrulation to mid-somitogenesis stages
(Fig. 2C-E). At about the 20 somite stage, brd4 expression started to decrease in the notochord,
but remained high in the head and CNS (Fig. 2F). This pattern persisted until about 24 hours
post fertilization (hpf) (Fig. 2G). At 48 hpf, brd4 mRNA levels were dramatically reduced in
the posterior part of the body, and the signal became restricted to the head area (Fig. 2H). The
expression pattern of the Xenopus brd4 gene is similar to that of zebrafish brd4, showing a
substantial zygotic component, ubiquitous expression in the early embryo, and later
concentration to the head (Supplemental Fig. 2).

To study the expression of Brd4 protein, we generated a rabbit polyclonal antibody against a
peptide containing the C-terminal 14 amino acids of zebrafish Brd4 (Fig. 3C). The antibody
recognized an approximately 150 kDa single polypeptide in whole cell extracts of 24 hpf
zebrafish embryos (Fig. 3A). To test its specificity, the antibody was pre-incubated with the
peptide antigen, resulting in the disappearance of the 150 kDa protein from the Western blot
(Fig. 3A). The zebrafish anti-Brd4 antibody detected a band of approximately predicted size
in Xenopus extracts (Fig. 3A). Using this antibody we examined the expression of Brd4 protein
during early zebrafish embryogenesis; the protein was detected at all stages tested, including
the fertilized egg stage (Fig. 3B). Thus, Brd4 protein is present in the egg as is brd4 mRNA.
The amount of Brd4 protein appeared relatively constant throughout early embryogenesis (Fig.
3B).

Brd4 protein is localized to the mitotic chromosome
Previous work has shown that Brd4 remains associated with mitotic and meiotic chromosomes
in mammalian cells (Dey et al., 2003; You et al., 2004; Nishiyama et al., 2006; Nagashima et
al., 2007); this unusual behavior implicates Brd4 in epigenetic memory. Since no zygotic
transcription occurs before MBT in the zebrafish embryo, it was of interest to examine the
behavior of Brd4 during pre-MBT as compared to post-MBT stages of embryogenesis. In
vitro synthesized FLAG- or HA-tagged zebrafish brd4 RNA was injected at the 1-2 cell stage,
and Brd4 was visualized with anti-FLAG or anti-HA antibodies in embryos fixed at different
stages of development. Confocal microscopy visualized the epitope-tagged Brd4 in nuclei of
interphase cells or associated with mitotic chromosomes, as indicated by the coincidence of
antibody staining with DAPI staining for DNA (Fig. 4A-D). We found that zebrafish Brd4 was
localized in interphase nuclei and was associated with mitotic chromosomes in both pre- and
post-MBT stages (Fig. 4A’-D’).

We asked whether endogenous zebrafish Brd4 protein behaves similarly to injected epitope-
tagged protein in the early embryo. As illustrated in Figure 5, these experiments confirmed
that endogenous Brd4 protein is localized in the nuclei of interphase cells and found associated
with mitotic chromosomes before and after MBT in the zebrafish embryo.
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In all protein staining experiments examining an overexpressed tagged version of zebrafish
Brd4 or endogenous Brd4 we analyzed at least 3 embryos per stage and studied more than 20
interphase nuclei and over 10 mitotic chromosome sets per embryo. Since cells divide
synchronously in pre-MBT embryos, we observed interphase nuclei and mitotic chromosomes
in different embryos. In all cases, we obtained consistent results in that Brd4 was always
localized to mitotic chromosomes. Therefore, Brd4 remains associated with mitotic
chromosomes regardless of the transcriptional status of the embryo. The localization of Brd4
to mitotic chromosomes in the pre-MBT zebrafish embryo is not a common behavior of
chromatin-binding proteins in this organism. We examined the localization of RNA
polymerase II in the early zebrafish embryo and observed that this protein does not associate
with mitotic chromosomes, both before and after MBT (Supplemental Fig. 3). Therefore, the
ability of Brd4 to bind mitotic chromosome appears to be a characteristic feature of this protein.

Brd4 and acetylated histones co-localize on zebrafish chromosomes
In the mouse, Brd4 binds to acetylated histones in vivo and in vitro (Dey et al., 2003; Nishiyama
et al., 2006). To test whether the interaction of Brd4 with mitotic chromosomes in the zebrafish
embryo is correlated with histone acetylation, we injected RNA encoding a fusion protein of
EGFP and a portion of mouse Brd4 into 1-2 cell embryos. The portion of mouse Brd4 included
in this construct retains the bromo- and ET domains and retains its ability to interact with
acetylated histones (K.O., unpublished results). Injected embryos were fixed and
immunostained with anti-GFP and anti-acetyl-histone H4 or H3 antibody. In both pre-MBT
and post-MBT embryos, the fusion protein was associated with mitotic chromosomes and co-
localized with acetylated histone H4 (Fig. 6A) and H3 (Fig. 6B). EGFP itself, used as control,
did not co-localize with acetylated histones and was not associated with mitotic chromosomes
(Fig. 6C).

Studies with mammalian cells suggest that the bromodomains mediate the association of
acetylated histones with Brd4 (Dey et al., 2003; Nishiyama et al., 2006). To examine whether
the association of Brd4 with the chromosomes likewise requires the bromodomains in the
zebrafish embryo, we used deletion mutants of zebrafish Brd4 that lacked bromodomain 1
(dBD1), bromodomain 2 (dBD2), or both (dBD1 and 2). RNAs encoding FLAG-tagged
versions of the wild type and mutant proteins were injected into 1-2 cell embryos, and the
localization of the tagged proteins was examined by staining with anti-FLAG antibody. We
studied more than 20 mitotic chromosome sets and at least 60 interphase nuclei in three to five
embryos per construct. All mitotic chromosomes found in embryos injected with either of the
three mutant constructs (dBD1, dBD2 or dBD1 and 2) were Brd4 negative. In contrast, FLAG-
tagged wild type Brd4 was found on 86% of mitotic chromosome sets examined. Therefore,
interaction of Brd4 with mitotic chromosomes requires the presence of both bromodomains.
All of the proteins examined localized to the interphase nuclei (Fig. 7). Protein localization
was unchanged between pre- and post-MBT stages (Fig. 7 and data not shown).

Discussion
We report here the isolation of the brd4 genes from zebrafish and Xenopus. Brd4 proteins have
been well studied in mammals, but have not been previously characterized in lower vertebrates.
The BET subfamily, of which Brd4 is a member, also includes BRD2, BRD3, and BRDT in
mammals. In searching the EST and genomic databases we found brd2 and 3 in the zebrafish
in addition to brd4. Two zebrafish brd2 and two brd3 paralogs were identified, although we
could find only a single brd4 gene. It is well known that zebrafish may contain duplicated genes
as compared to the mammalian homologs due to an additional genome duplication during
evolution (Aparicio, 2000; Van de Peer et al., 2001).
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The founding member of the bromodomain gene family, Drosophila fsh, encodes two splice
variants, Fsh (S) and Fsh (L) (Digan et al., 1986; Haynes et al., 1989). Fsh (S) lacks the C-
terminal region after the ET domain. Overexpression of Fsh (S), but not of Fsh (L), can induce
ectopic expression of HOX genes (Chang et al., 2007), suggesting functional differences
between the two isofos. It has also been reported that mouse and human Brd4 may exist as
short splice variants containing a similar C-terminal truncation, but functional differences
between the mammalian splice variants remain to be defined. We have not found any evidence
for the existence of brd4 splice variants in zebrafish.

Brd4 interacts with acetylated histones, and these interactions may mediate that association of
Brd4 with the chromosomes (Dey et al., 2003; Nishiyama et al., 2006). The association of Brd4
with the chromatin is notable for the fact that this protein remains bound to mitotic
chromosomes, leading to the suggestion that Brd4 has a role in epigenetic memory. While most
chromatin-associate proteins dissociate during mitosis, the forkhead transcription factor FoxI1
likewise remains bound to the condensed mitotic chromosomes (Yan et al., 2006). ChIP
analysis revealed that FoxI1 binds to the consensus sequence characteristic of all Fox proteins
(Yan et al., 2006). The known functions of FoxI1 include a requirement in otic placode and
jaw development in zebrafish (Nissen et al., 2003; Solomon et al., 2003), but it remains
unknown how these functions may relate to the persistent chromosome association of the
protein.

Brd4 has a role in cell cycle progression and in transcriptional elongation (Maruyama et al.,
2002; Jang et al., 2005; Yang et al., 2005; Bisgrove et al., 2007). Early embryonic development
in the zebrafish separates these two processes to the extent that rapid cell division and
suppression of transcriptional activity characterize the first three hours of development (Kane
and Kimmel, 1993; Yang et al., 2005). Many organisms including Drosophila, Xenopus, and
zebrafish, undergo a series of very short and synchronous cell cycles in the period immediately
after fertilization. These cell cycles consist of alternating S- and M-phases without G1 and G2
phases and no functional cell cycle checkpoints. The period of rapid division comes to and end
with the MBT, which in zebrafish occurs around the tenth cell division. At this time the cell
cycle loses its synchrony and lengthens to include G1 and G2 phases, and zygotic transcription
initiates (Newport and Kirschner, 1982b; Newport and Kirschner, 1982a; Newport and Dasso,
1989; Clute and Masui, 1995; Clute and Masui, 1997; Ikegami et al., 1997). These changes
appear to be linked, as inhibition of zygotic transcription at MBT abolished the appearance of
the G phase, while induction of a G1 phase prior to MBT caused premature activation of zygotic
transcription (Newport and Kirschner, 1982b; Zamir et al., 1997).

Given these large changes in cell physiology we asked whether Brd4 is present throughout
early embryogenesis and whether there are any changes in its association with the
chromosomes. We find that both brd4 mRNA and Brd4 protein are stored in the egg and
continue to be present throughout embryogenesis. This behavior is shared with many other
macromolecules and even cell organelles whose storage in the egg may be the basis for the
embryo’s ability to undergo very rapid cleavage divisions and enter morphogenesis within half
a day after fertilization. More interesting than just the presence of Brd4 in the egg is the fact
that this protein associates with mitotic chromosomes both before and after MBT (Figs. 4, 5),
a behavior not shared by other DNA-binding proteins such as RNA polymerase II
(Supplemental Fig. 3). Association of Brd4 with mitotic chromosomes has led to the hypothesis
that Brd4 has a role in epigenetic memory (Dey et al., 2003). Brd4 binds specifically to certain
acetylated histones, and this binding is required for its chromatin association (Dey et al.,
2003). Little is known about the status of histone modifications during pre-MBT development.
Despite the lack of zygotic transcription, we observed that lysine residues of histone H3 and
H4 were acetylated, some as early as the 4 cell stage (data not shown). Very early acetylation
was detected on histone H4 Lys8 and Lys12, followed by Lys5. Interestingly, these are the
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acetyl-lysine residues that mediate preferential Brd4 binding in vitro (Dey et al., 2003). Thus
early histone acetylation may mediate Brd4-chromosome association in the embryo. It is
possible that Brd4 bound to acetylated histones marks those genes that are slated to be
transcribed at the MBT. On the other hand, the early Brd4-chromosome interactions may
simply function to support the precision of mitotic progression, a possibility suggested by the
fact that Brd4 has a role in protecting cells against mitotic stress (Kanno et al., 2004;Nishiyama
et al., 2006).

Although the bulk of zygotic transcription does not start until MBT, there are some notable
exceptions. Zebrafish bozozok and Churchill mRNA were found to be transcribed in pre-MBT
embryos (Leung et al., 2003; Londin et al., 2007), and a recent global gene expression analysis
reported a significant number of additional transcripts that are synthesized before MBT
(Mathavan et al., 2005). Selective pre-MBT transcription has also been reported in Xenopus
(Yang et al., 2002). It is possible that the association of Brd4 with chromosomes in cleavage
stage embryos is involved in these early transcription events. While pre-MBT transcription
does occur, it is the exception rather than the rule, and thus the question arises why acetylated
histones that are associated with transcriptionally active chromatin and Brd4 should be
localized on chromosomes before the onset of most zygotic transcription. No definitive answer
is available to this question, but we suggest that this apparently premature assembly of
components is another manifestation of the need to develop quickly. Just as storing many
macromolecules and organelles in the egg allows the zygote to get off to a fast start, so the
assembly of transcriptionally competent domains before the start of transcription will allow
the embryo to make RNA quickly once it has reached MBT.

Experimental Procedures
Isolation of zebrafish and Xenopus brd4

In both species, a search of the EST databases led to sequences of parts of the brd4 gene. PCR-
based techniques were used to isolate the remaining portions of each gene which were then
sequenced. The sequences were submitted under Accession Numbers: EU236152, zebrafish;
EU236153, Xenopus A; EU236154, Xenopus B. The Fugu brd4 genes were identified in the
genome sequence through Blast searches in the Fugu genome database
(http://genome.jgi-psf.org/Takru4/Takru4.home.html). The sequence of one of the genes
required a correction of the splice sites, see legend to Supplemental Fig. 1. The chromosomal
position of the zebrafish brd4 gene was analyzed by using the Sanger center web site
(http://vega.sanger.ac.uk/Danio_rerio/index.html). Sequence comparisons were done with
Clustal W methods to identify conserved domains.

Expression constructs and RNA synthesis
The EGFP fusion constructs of full length murine brd4 (mBrd4) cDNA were previously
described (Maruyama et al., 2002). The EGFP-brd4 coding sequences were subcloned into the
pCS2 vector. The entire zebrafish brd4 coding region was cloned into the pCS2 vector and
HA- or FLAG-epitopes were fused to the N-terminus. Zebrafish bromodomain deletion
constructs (lacking bromodomain 1 (dBD1), bromodomain 2 (dBD2), or both (dBD1 and 2)
were generated from a FLAG-tagged construct; dBD1 lacks amino acid 1 to 152; dBD2 lacks
amino acids 356-473; dBD1 and 2 lacks 1-152 and 356-473. Deletions were introduced by
using appropriate PCR primers, and the nucleotide sequences of the regions generated by PCR
were confirmed by sequencing. RNA was synthesized using mMESSAGE mMACHINE
(Ambion/Applied Biosystem) and injected into 1-2 cell stage zebrafish embryos.
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Immunostaining
Embryos were fixed with 4% paraformaldehyde at 4°C overnight, manually dechorionated and
stored in methanol at -20°C. Embryos were rehydrated in a methanol/PBST0.1 (PBS, 2% BSA,
0.1% Triton X100) series, and incubated with blocking solution (10% lamb serum in PBST0.1)
at room temperature for at least one hour prior to incubation with the primary antibody. Anti-
di-acetyl histone H3 antibody (Upstate 07-108) and Anti-tetra-acetyl histone H4 antibody
(Upstate, 06-598) were used at 1:200 and 1:100 dilution, respectively. Anti-GFP antibody was
obtained from SantaCruz (sc-9996) and used at a 1:250 dilution. Secondary antibodies (Alexa
Fluor 488 and 568; Molecular Probe/Invitrogen) were used at a dilution of 1:1000. Staining
was observed with a Leica SP2 or Zeiss LSM510 confocal microscope. In some cases, contrast
was adjusted in Photoshop for the entire image.

Generation of zebrafish Brd4 antibody
Rabbit polyclonal antibody against the C-terminal 14 amino acids (FQSDLMAIFEENLF) of
zebrafish Brd4 protein was generated by Spring Valley Laboratories, Inc. After fixation,
embryos were stored in PBST0.1 at 4°C (no methanol treatment). Samples were treated with
blocking solution at room temperature for at least one hour prior to incubation with 1:1000
diluted zebrafish anti-Brd4 IgG fraction as primary antibody.

Western blotting
Embryonic extract was prepared by homogenizing embryos in NP40 extraction buffer (10 mM
Tris-HCl, pH 7.5, 137 mM NaCl, 5 mM EDTA, 0.5% NP40, protease inhibitor (Roche)). Anti-
zebrafish Brd4 was used at a dilution of 1:20,000-50,000. Anti-mouse α-tubulin was obtained
from Calbiochem (Cat. number CP06) and used at 1:4000.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
(A) Schematic structure of Brd4 proteins, containing two bromodomains, an ET domain, and
a C-terminal domain. Amino acid identity with mouse Brd4 is indicated for each domain. Total
amino acid length is shown under the name of the species. Mm, mouse; Hs, human; Xl,
Xenopus; Dr, zebrafish; Fr, fugu; Dm, Drosophila. The Drosophila sequence is interrupted to
indicate its substantially longer length. (B) Phylogenetic tree of Brd4 proteins. Numbers at the
right indicate amino acid identity compared to the mouse. No value is entered for
Drosophila because of the substantial length differences.
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Fig. 2.
Expression pattern of the zebrafish brd4 gene. The stage examined by in situ hybridization,
carried out as described by (Toyama and Dawid, 1997), is shown in each panel. A, 2 cell stage;
B, high stage; C, 50% epiboly; D, 10 somite; E, 15 somite; F, 20 somite; G, 24 hpf; H, 48 hpf.
All lateral view, anterior is left (D-H).
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Fig. 3.
Brd4 protein analysis. (A) Antibody characterization. Polyclonal antibody against the Brd4 C-
terminal 14 residues detected an approximately150 kD protein in zebrafish embryonic extracts
(A, lanes 3, 4, 7, 8, and 10). Pre-immune serum (pre-imm, lanes 1 and 2) did not detect this
protein. Antibody pre-incubated with antigen peptide (pre-abs, lane 5 and 6) failed to detect
the 150 kD protein. Anti-Brd4 antibody cross-reacts with a protein of predicted size in extracts
from Xenopus embryos (lane 9). (B) Brd4 protein during zebrafish embryogenesis. Extracts
equivalent to two embryos were loaded in each lane. Lower panel shows α-tubulin as a loading
control. Stages are indicated for each lane. (C) The C-terminal amino acid sequence of
zebrafish, Xenopus, and mouse is shown with differences in red.

Toyama et al. Page 12

Dev Dyn. Author manuscript; available in PMC 2008 June 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4.
Localization of epitope-tagged Brd4 protein. RNA encoding HA- or FLAG-tagged zebrafish
brd4 was injected into 1-2 cell stage embryos and visualized by antibody staining. Each column
represents a separate embryo at the stage indicated. (A-A” and B-B”): FLAG-Brd4, (C-C” and
D-D”): HA-Brd4. (A-C) Pre-MBT (512 cell stage) embryos with mitotic chromosomes (A,
anaphase and C, prophase), and interphase nuclei (B) shown. (D) Post-MBT (sphere to dome
stage) embryo presents both mitotic chromosomes and interphase nuclei in one embryo. Scale
bar: 10 μm.
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Fig. 5.
Localization of endogenous Brd4 protein visualized by staining with anti-zebrafish Brd4
antibody. (A-A” and B-B”): pre-MBT (256-512 cell stage) embryos, (C-C” and D-D”): post-
MBT (sphere to dome stage) zebrafish embryos. A-C, prophase. Scale bar: 10 μm.
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Fig. 6.
Brd4 protein is co-localized with acetylated histones in zebrafish embryos. (A, B) EGFP-
mBrd4* RNA lacking aa 700-1317 was injected into 1-2 cell embryos; EGFP RNA was
injected as control in (C). The embryos were fixed before MBT at 256 cell (A, C) and 128-256
cell stage (B), and immunostained with anti-acetyl-histone antibodies (red) and anti-GFP
antibodies (green). (A) Anti-tetra-acetyl-histone H4; (B) anti-di-acetyl-histone H3; (C) anti-
tetra-acetyl-histone H4. The structures of wild type and fusion brd4 constructs are shown. Scale
bar: A and C, 8 μm; B, 4 μm.
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Fig. 7.
Bromodomain-deleted zebrafish Brd4 proteins do not associate with mitotic chromosomes.
Constructs are shown schematically at the top: Brd4, FLAG-tagged construct containing both
bromodomains; constructs with deletions of bromodomain 1 (dBD1), bromodomain 2 (dBD2),
or both bromodomains (dBD1 and 2). RNAs were injected into 1-2 cell stage zebrafish
embryos, and stained at the sphere stage with anti-FLAG antibody (green). Arrows indicate
mitotic chromosomes. Scale bar: μm.
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