
Identification and characterization of the RNA-binding protein Rbfox3
in zebrafish embryo

Minho Won a, Siyeo Lee b, Sunkyung Choi b, Hyunju Ro c, Ki-Jung Kim b, Jung-Hwan Kim d,
Kyoon Eon Kim b, Kee K. Kim b, *

a Department of Pharmacology, College of Medicine, Chungnam National University, Daejeon, 35015, Republic of Korea
b Department of Biochemistry, College of Natural Sciences, Chungnam National University, Daejeon, 34134, Republic of Korea
c Department of Biological Sciences, College of Bioscience and Biotechnology, Chungnam National University, Daejeon, 34134, Republic of Korea
d Department of Pharmacology, School of Medicine, Institute of Health Sciences, Gyeongsang National University, Jinju, 52727, Republic of Korea

a r t i c l e i n f o

Article history:
Received 22 February 2016
Accepted 4 March 2016
Available online xxx

Keywords:
Alternative splicing
NeuN
RNA-binding protein
Zebrafish Rbfox3

a b s t r a c t

Rbfox3, an RNA-binding fox protein, binds to the antibody to pan-neuronal marker, neuronal nuclei
(NeuN). Rbfox3 is expressed in neural tissues across a wide range of species including mammals, birds,
and amphibians. However, the molecular identity of Rbfox3 in the zebrafish is largely unknown. In this
study, we cloned two zebrafish Rbfox3 genes, Rbfox3a and Rbfox3b. We also cloned the Rbfox3-d31
isoform, which excludes a 93-nucleotide alternative exon within the RNA-recognition motif in both,
Rbfox3a and Rbfox3b. Multiple protein sequence alignment revealed that the amino acid sequence for
residues 1e20 of the zebrafish Rbfox3, which is the epitope region of NeuN antibody, was different from
that of other species. Therefore, NeuN antibody lost its function as a neuronal marker antibody in
zebrafish. Reverse transcriptase-polymerase chain reaction showed that both Rbfox3-d31 transcripts
were abundant in the early blastula stage, after which they dramatically reduced, suggesting that these
isoforms exist mainly as maternal transcripts. In contrast, full-length Rbfox3 transcripts were detected
from the 24 h post-fertilization embryo, expression was also maintained at a constant level. Furthermore,
full-length Rbfox3-expressing cells were located within the central nervous system during later stages of
the zebrafish embryo. Our study provides insight into the molecular structure of zebrafish Rbfox3 as a
step towards genetic association studies investigating the developmental role of Rbfox3.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Antibodies to several mature neuronal protein markers are
currently used for immunohistochemical staining of cells or tissue
sections to investigate the molecular properties of the neuron,
including neuronal nuclei (NeuN), microtubule-associated protein
2 (MAP2), class III beta tubulin (Tuj1), neurofilament (NF)-M and
NF-H, neuron-specific enolase (NSE), as well as post-synaptic
density (PSD)-93 and PSD95 [1]. Since NeuN was first reported in
1992 by Mullen et al. NeuN antibody has been widely used as a
reliable marker to detect postmitotic neurons in neural tissues with
the exception of cerebellar Purkinje cells, retinal photoreceptor
cells, olfactory bulb mitral cells, and dopaminergic neurons in the

substantia nigra [1e3]. Among several advantages for use as a pan-
neuronal marker, NeuN antibody alone is primarily located in the
nucleus.

Although the identity of the antigen binding to NeuN anti-
body was not fully understood until 2009, NeuN antibody is
widely used in research as well as diagnostic histophathology
[4e16]. Our previous report identifying Rbfox3 as the antigen for
NeuN antibody set precedence to investigating the functional
importance of Rbfox3 in neural tissues [17]. Rbfox3, the third
member of the RNA-binding fox family of proteins, plays a role in
alternative pre-mRNA splicing, which is indeed essential for
neuronal differentiation during chick embryo development as
well as normal synaptic function in the mouse brain [18,19].
Although NeuN antibody is widely used in a wide range of spe-
cies including birds, salamander, rat, pig, mouse, human, ferret,
and chicken to detect postmitotic neurons, the use of NeuN
antibody in the zebrafish has not yet been reported. The zebra-
fish (Danio rerio) is now recognized as an excellent vertebrate
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model system to study the functions of specific developmental
genes. However, to utilize the zebrafish model to understand the
biological function of Rbfox3, it is necessary to first determine
the molecular identity of Rbfox3 in zebrafish.

In this study, we cloned Rbfox3 from the zebrafish embryo using
reverse transcriptase-polymerase chain reaction (RT-PCR) and
analyzed its expression pattern during various developmental
stages of the zebrafish embryo. We found that two Rbfox3 genes
(Rbfox3a and Rbfox3b) were specifically expressed in the central
nervous system (CNS), similar to that in other species. These results
provide the first clue that Rbfox3 could be used as a neuronal
marker in zebrafish.

2. Materials and methods

2.1. Cell culture, transfection, and MG132 treatment

Human embryonic kidney 293 (HEK293) cells were maintained
in Dulbecco's Modified Eagle Medium (DMEM) supplemented with
10% heat-inactivated fetal bovine serum (Gibco, NY, USA) at 37 �C in
an atmosphere containing 5% CO2. Transfection was performed
with the PolyMAGMagnetofection kit (Chemicell GmbH, Germany)
according to the manufacturer instructions. A specific proteasome
inhibitor MG132 was purchased from Merck Millipore.

2.2. Plasmid constructs

The expression construct encoding mouse myc-Rbfox3 in the
pCS3þMT plasmid was obtained from cDNA of mouse brain by PCR
amplification. The following PCR primers were used: 50-ggg ccc agg
cct ATG GCC CAG CCC TAC CCC CCT GCC CAG TAC-30 and 50-ccc ggg
ctc gag TCA CAT GGT TCC GAT GCT GTA GGT TGC TGT-30. Underlined
letters represent adapter sequences including the StuI/XhoI re-
striction sites. The expression constructs encoding myc-Rbfox3a,
myc-Rbfox3a (d31), myc-Rbfox3b, and myc-Rbfox3b (d31) in the
pCS3þMT plasmid were obtained from cDNA of zebrafish embryo
by PCR amplification. The following PCR primers were used: for
Rbfox3a 50-ggg ccc gaa ttc a ATG GCT CAG CCG TAC GCC CCA GCT
CAG TAT-30 and 50-ccc ggg ctc gag CAT AGT GCC CAC GCT GTA CGT
GGC TGC TGC-30; for Rbfox3b 50- ggg ccc gaa ttc a ATG GCC CAGACG
TAC ACC ACG CAG TAC GCT -30 and 50-ccc ggg ctc gag CTA GTA GGG
CGT GAA GCG GCT GCA GCC TCC-30. Underlined letters represent
adapter sequences including the EcoRI/XhoI restriction sites. The
specificity of the products generated by each set of primers was
confirmed by sequencing analysis. The primers 50- TCT ACG ATT
GTA CCG T-30 and 50-ACG GTA CAA TCG TAG A-30 for rapid ampli-
fication of cDNA ends (50-RACE) and 30-RACE, respectively, were
designed to obtain full-length Rbfox3 using the GeneRacer Kit
(ThermoFisher Scientific).

Fig. 1. cDNA sequences of two zebrafish Rbfox3 genes. (A, B) Nucleotide sequence of zebrafish Rbfox3 cDNA. The red nucleotide sequence indicates RRM. The underlined red
nucleotide sequence indicates the 93-nucleotide alternative exon within RRM. (For interpretation of the references to color in this figure caption, the reader is referred to the web
version of this article.)
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