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Di-ras was belonged to a distinct subfamily of Ras
GTPases that play a diverse role in biological
function compare to canonical Ras family. Recently,
human DI-RAS has been identified and fails to trigger
downstream MAPK activation and transactivation of
Elk-1. Although the evidence from C. elegans model
suggest that drn-1, Caenorhabditis elegans Di-Ras
homologue, was more restricted in neuron cells and
has been shown to modulate synaptic activity in motor
neurons, the biological role of Di-Ras in neuron
development remains unknown. Here, we identified
zebrafish di-rasla and di-raslb gene and provide
evidences that both gene were highly conserved. Using
whole mount in situ hybridization (WISH) and RT-PCR
analysis revealed di-rasla/lb were zygotically
deposited and specifically expressed in brain tissue.
Interestingly, knockdown of di-rasla and di-raslb
gene expression by microinjection of morpholino
antisense oligonucleotides led to obvious axon
defects and decreased the population of trigeminal



ganglion, these effects could be rescue by co-
injection of full-length mouse di-rasl mRNA but not
C-terminal truncated counterpart. Furthermore, the
di-rasla and di-raslb MO-injected embryos appeared
dramatic loss in the huC population of neuron in
Tg(huC:GFP) model. Based on ours studies, di-rasla
and di-raslb may play a critical role in neurogenesis
during zebrafish development.
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Abstract

Di-ras was belonged to a distinct subfamily of Ras GTPases that play a diverse role in biological function
compare to canonical Ras family. Recently, human DI-RAS has been identified and fails to trigger downstream
MAPK activation and transactivation of Elk-1. Although the evidence from C. elegans model suggest that
drn-1, Caenorhabditis elegans Di-Ras homologue, was more restricted in neuron cells and has been shown to
modulate synaptic activity in motor neurons, the biological role of Di-Ras in neuron development remains
unknown. Here, we identified zebrafish di-rasla and di-raslb gene and provide evidences that both gene were
highly conserved. Using whole mount in situ hybridization (WISH) and RT-PCR analysis revealed
di-rasla/lb were zygotically deposited and specifically expressed in brain tissue. Interestingly, knockdown of
di-rasla and di-raslb gene expression by microinjection of morpholino antisense oligonucleotides led to
obvious axon defects and decreased the population of trigeminal ganglion, these effects could be rescue by
co-injection of full-length mouse di-rasl mRNA but not C-terminal truncated counterpart. Furthermore, the
di-rasla and di-raslb MO-injected embryos appeared dramatic loss in the huC population of neuron in
Tg(huC:GFP) model. Based on ours studies, di-rasla and di-raslb may play a critical role in neurogenesis
during zebrafish development.

Key word: Neuron, zebrafish, di-ras, trigeminal ganglion



Introduction

The Ras GTPase superfamily acts as an important role in wide variety biological processes including
proliferation, differentiation, signal transduction, protein synthesis and cell metabolism®. According to their
sequence homology and biochemical properties, the Ras superfamily is further divided into five subfamilies:
Ras, Rho, Rab, Ran, and Arf’. The Rho-family GTPases are belonged to Ras superfamily. Recent intensive
evidence also imply these family are key regulators of the actin cytoskeleton, cell adhesion*® and cell
polarization®, especially for neuron cell. Ras genes play critical roles in mediating cell proliferation,
differentiation and survival during development”®. Furthermore, several studies have also determined the role
of Ras family proteins in neuronal plasticity that involved the modification of synapses and the intrinsic
excitability of neurons in the brain®'!. These studies demonstrate that signaling cascade of Ras family
proteins could even modify neuronal function and structure.

More recently, Ellis et al. and Kontoni et al. have identified novel Ras members, Di-Ras proteins, which
belonging to a distinct subfamily of Ras GTPases'?3. There are three different Di-Ras proteins are designated
Di-Rasl/Rig, Di-Ras2 and Di-Ras3/ARHI in human. RNA transcripts of Di-Rasl/Di-Ras2 are specifically
expressed in adult human brain tissues. Likewise, Di-Rasl/Di-Ras2 display the low level of intrinsic
nucleotide hydrolysis activity and predominantly exists in GTP-bound state. Due to the competition between
Di-Rasl and H-Ras, forced expression of Di-Rasl does not interact with Raf kinase, fails to trigger
downstream MAPK activation and transactivation of Elk-1'*". Indeed, Di-Rasl has been described as
potential tumor suppressor that attenuates the growth of human glioblastomas. Nevertheless, Di-Rasl1 exhibit
the faster rate on intrinsic guanine-nucleotide exchange than other Ras-family GTPases'®. Besides, the
evidence from C. elegans model suggest that drn-1, Caenorhabditis elegans Di-Ras homologue, was more
restricted in neuron cells and required for neuromuscular junctions. Despite Caenorhabditis elegans Di-Ras
homologue, drn-1, has been shown to modulate synaptic activity in motor neurons™, the biological role of
Di-Rasl in neuron development remains scarce.

In recent decades, zebrafish becomes an popular vertebrate model organism in scientific research’®,
especially in the fields of neurobiology and neurodegenerative diseases'’. Because of some advantages,
zebrafish has now been considered an excellent research tool in laboratory. In contrast with other models like
flat worm, sea slug and fruit fly, zebrafish offers a compromise between system complexity and practical
simplicity. Most importantly, the nucleotide sequence of zebrafish genes is often found highly similar to the
mammalian counterparts, and the functional proteins has also been found to be even more evolutionarily
conserved™®™. In this study, we described identification and functional analysis of zebrafish di-rasla/lb gene.
Method and Material

Maintenance of zebrafish-The zebrafish AB strain and transgenic Tg (huC:gfp) fish were kind gifts from
the Taiwan Zebrafish Core Facility (Academia Sinica, Taiwan) and Dr. Chang-Jen Huang (Institute of
Biological Chemistry, Academia Sinica, Taipei, Taiwan), respectively. All of the fish were raised and
maintained under standard conditions at 28.5 'C under a 14 h light/10 h dark cycle®. The developmental
stages of the embryos were determined according to previously described methods®. All of the animal
handling protocols were approved by the Chung Shan Medical University Animal Care Committee. Images of
the fluorescent signals were captured using a Zeiss LSM510 confocal microscope.
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RNA extraction and RT-PCR analysis-Total RNA was isolated from different tissues and stages in adult
zebrafish using Trizol (Invitrogen). First-strand cDNA was synthesized from 3 ug of total RNA by MMLV
reverse transcriptase (Promega) according to the manufacturer’s instructions. The full coding region of
di-rasla/lb were amplified by RT-PCR using zebrafish cDNA as a template and the following primer sets:
di-rasla forward: 5’-GCA GCA TGC CAG AGC AGA G- 3’ and di-rasla reverse: 5’-GGC AGC ATA CAA
ATC ATG AC-3’. di-raslb forward: 5’-GAT GCC TGA GCA GAG CAA CG- 3’ and di-raslb reverse:
5’-GCA AGT CTA CAT GAC ACT GC-3’. Wild type mouse di-rasl forward: 5'-ATG CCA GAA CAG AGC
AAT GAC-3' and reverse: 5-GGG CTC ACA TGA GCG CGC AC-3'; C-terminal truncate mouse di-rasl
reverse: 5-TCACTTGCCCTTGATGCGGTCAG -3". The PCR was performed under the following conditions:
94 °C,305s;52 C,60s; 72 C, 60 s for 30 cycles.

Microinjection of antisense morpholino (MO) oligonucleotides and synthetic mMRNA-MO oligonucleotides
were designed and synthesized by Gene Tools, LLC (Philomath, OR): di-rasla-MO
(5’-GGTAATCGTTACTCTGCTCTGGCAT-3’); di-rasla 5-mismatch MO (la 5-mis MO:
5’-GCTAATCCTTAGTCTCCTCTCGCAT-3"), di-raslb-MO
(5’-AGTCGTTGCTCTGCTCAGGCATCTT-3%); di-raslb  5-mismatch MO (b 5-mis MO:
5’-AGTCCTTCCTCTCCTCACGGATCTT-3"), where the underlines indicate the mismatched sites; control
MO: (5-CCTCTTACCTCAGTTACAATTTATA-3") corresponding to the human B-globin gene was used as
a negative control. MOs were dissolved in 1X Danieau solution and injected into the embryos at the 1-to
4-cell stage. The pCS2-mouse-di-rasl plasmid were linearized by Notl, and the mRNA was synthesized by
SP6 RNA polymerase using the mMESSAGE mMACHINE kit (Ambion) according to the manufacturer’s
recommendation. For the rescue experiments, morpholinos were co-injected with 110 pg of mRNA into 1- to
4-cell embryos.

Whole mount in situ hybridization-Whole mount in situ hybridization (WISH) was performed as previous
described®. Digoxigenin-labeled antisense riboprobes were generated from a pGEM-T-Easy plasmid
containing the full coding sequence and partial 3’-untranslated regions of di-rasla/lb. The plasmid was
linearized using Notl. The RNA was transcribed in vitro by the SP6 RNA polymerase to generate antisense
probes using the DIG-RNA labeling kit (Roche, Mannheim, Germany).

Anti-acetylated a-tubulin antibody staining-Briefly, embryos at indicated stages were collected, fixed in
4% paraformaldehyde at 4 C for overnight, and stored at methanol at -20 'C. After rehydration with PBST
(PBS containing 0.1% Tween 20), the embryos were blocked with blocked solution (5% goat serum; 2%
bovine serum albumin and 1% DMSO in PBST) for 1 h and then incubated with a monoclonal anti-acetylated
a-tubulin at 4 "C for overnight. Samples were washed with PBST and incubated the with goat anti-mouse
conjugate-FITC antibodies (1:500) in blocking buffer at 4 "C for overnight in the dark. After washed with
washing buffer (2% BSA and 1% DMSO in PBST), the images were captured by an scanning laser confocal
microscope (ZEISS 510 META).

Result

We previously identified two rgs7 downstream targets®*?*. In the present study, we selected another
putative rgs7 target (GenBank Accession No. NM-199831.1) for further investigation. The di-rasla gene
contains 2142 base pairs; encodes a polypeptide of 195 amino acids residues. Furthermore, a BLASTP search
was performed using di-rasla amino acids as the query. One gene (LOC565395; GenBank Accession
N0.NM-001126421.1), which shared high similarity to human Di-Ras1, was found and designated as di-raslb.
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The 198 amino acids encodes a di-raslb protein and shared 90% identity and 95% similarity to di-rasla. The
homologies of the deduced amino acid sequences of di-rasl and that of other species were analyzed using the
CLUSTALW program (Fig. 1A). The amino acid alignment of di-rasla and di-raslb showed identity with
those from rats, mice, and humans (range from 80% to 87%). Motif research of the di-ras sequences displayed
that they contains a well-conserved guanine-nucleotide binding domain. The G1 domain contained
GXXXXGKS motif (corresponding to the Residues 14 to 21 of both genes). The invariant T of G2 domain
and DXXG motif of G3 domain were found in residue 39 and residues 61-64, respectively. The conserved
motif NKXD in G4 domain and EXSAK in G5 domain were localized at Residues 121-124 and 148-152,
respectively. In addition, both di-rasla and di-raslb contain a C-terminal CAAX (A represented aromatic
amino acids; X represented any amino acid) motif with the X being a methionine, suggesting that both genes
were putative substrate for farnesyl transferase. On the basis of the phylogenetic analysis, zebrafish di-rasla
and di-ras1b were branched into a cluster (Fig. 1B). To determine whether di-rasla and di-raslb genes shared
conserved synteny with mammalian species, we compared the gene order around di-rasla and di-raslb in
zebrafish, humans, rats, and mice. The di-raslb gene clustered with gadd45bb (growth arrest and
DNA-damage—induced beta), gng7 (guanine nucleotide binding protein gamma 7), and slc1a8b (silute carrier
protein family 1, member 8b) in linking group (LG) 2 had conserved synteny with the genes in human
Chromosome 19, in rat Chromosome 7, and in mouse Chromosome 10 (Fig. 1C). The di-rasla was flanked by
apc2 (adenomatous polyposis coli 2) and vtg3 (vitellogenin 3). Our results suggest that di-raslb is a true
orthologues of mammalian DI-RAS1, whereas di-rasla was generated from whole genome duplication.

To determine the expression pattern of these two genes during zebrafish development, RT-PCR and whole
mount in situ hybridization were conducted. The RNA transcripts of di-rasla and di-raslb were rarely
detectable before 12 hour post-fertilization (HPF), its expression was first appeared at 24 HPF, and then they
were persistently expressed thereafter (Fig. 2A). Moreover, di-Rasla and di-Raslb mRNA were relative
enriched in brain. Other tissues expressed slight levels of both transcripts (Fig. 2B). Whole mount in situ
hybridization analysis revealed that no RNA transcripts of di-rasla and di-raslb were found at 32 cells stage.
At 24 HPF, di-raslb was very weakly expressed in the brain region. di-rasla RNA was diffusedly expressed
in the brain region with higher expression in hindbrain region at 24 HPF. The di-rasla was abundantly
expressed in olfactory bulb, ventral rostral cluster of ventral telencephalon, hypothalamus, hindbrain, otic
vesicle, and neurons in dorsal spinal cord at 36 HPF. At 48 HPF, di-rasla expression was strongly observed in
the olfactory bulb, thalamus, diencephalons, otic vesicle, and midbrain, as well as in the GCL of the retina.
Low levels of di-rasla were also found in dorsal spinal cord neurons. At 72 HPF, di-rasla expression in the
neurons was enhanced in the whole brain region, such as the forebrain, midbrain, and hindbrain. RNA
transcripts also appeared in the ganglion cell layer and inner nuclear layer of retina (Fig. 2C). On the other
hand, the transcript of di-raslb was weakly expressed in the telencephalon, diencephalon, and hindbrain at 36
HPF. At 48 and 72 HPF, di-raslb appeared in telencephalon, diencephalon, hindbrain, and ganglion cell layer
(GCL) in the retina (Fig. 2D).

To extend the function of di-rasl in zebrafish embryogenesis, we injected antisense morpholino
oligonucleotides (MO) into one-cell stage embryos to knockdown of di-rasl and generated loss-of-function
morphants. Because of the effectiveness and specificity of the certain MO have become the major concerns in
MO-mediated knockdown studies, an expression construct that included the sequence of di-rasl translation
start codon targeted by the MO (di-rasla ATG-MO and di-raslb ATG-MO), and GFP-tags at the C-terminus
was used to determine effectiveness of di-ras1 MO. In addition, 5-mismatch MO corresponding to the di-rasl
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coding sequence targeting MO but with a 5-bp mismatch was used as negative control. Expression of
di-rasl-GFP hybrid gene (100 pg/embryo) was detectable in injected embryos at 24 hpf without
developmental malformation. To further gauge the efficacy of di-rasl MO that capable of inhibiting di-rasl
expression, di-ras1-GFP and MO (4 ng) were co-injected, and GFP-tagged di-rasl expression determined by
immunofluorescence. The fluorescence signal due to the hybrid protein could not be detected in essentially
any injected embryos at 24 hpf. By contrast, when 5-mis MO was co-injected into embryos with di-ras1-GFP
fusion gene, the fluorescence was detectable of most injected embryos, which confirm the effectiveness of
di-rasla and di-raslb MO (Fig. 3).

To determine the role of di-rasla/lb during neurodevelopment, we conducted acetylated a-tubulin (AcTub)
staining to determine whether disruption of di-rasla/lb affects neuronal differentiation. At 24 HPF, AcTub
staining revealed the presence of anterior commissure At 24 HPF, AcTub staining revealed the presence of
anterior commissure (AC), post-optic commissure, supra-optic tract, nucleus of the tract of AC, dorsal-ventral
diencephalic tract, epiphyseal cluster, and tract of the posterior commissure in the forebrain and the midbrain
in the embryos injected with control MOs (Fig. 4). Axonal scaffolds in di-rasla and di-raslb morphants
visibly deteriorated. Embryos co-injected with full-length but not truncated mRNA resembled those of the
control group. We also used the Tg (huC:gfp) model to track the generation of terminally differentiated
neurons. A lateral view of the embryos at 24 HPF revealed that the control and MO plus full-length mRNA
groups exhibited high levels of huC expression in the telencephalic cluster (TC). We observed that
di-rasla/1b morphants exhibited abrogated huC expression in the forebrain region (Fig. 5A). At 48 HPF, only
a small number of huC-positive neurons were present in the di-rasla/lb morphants (Fig. 5B). Thus,
di-rasla/lb knockdown in zebrafish embryos affects neuronal development during the development. Due to
the defect of trigeminal ganglion in AcTub staining, we sought to investigate whether di-rasla/lb may
contribute the trigeminal ganglion development during embryogenesis. Anti-Islet2 staining at 24HPF showed
that amount of trigeminal ganglia significantly decreased in di-rasla/lb morphants (Fig. 6). Hence, di-rasla
and di-raslb may participate in neurogenesis during zebrafish development.

Discussion

The trigeminal ganglion is constructed by neural crest and placodal cells that ultimately composed a
compact cluster of neurons on either side of the head between eye and ear®. These sensory neurons are born
at around 11 HPF and rapidly converge to form compact ganglia by 14 HPF. At later stages trigeminal
ganglion grow continuously to form ~30 neurons by 24 HPF?. Furthermore, trigeminal ganglion extend
peripheral axons underneath the skin of the head, it can detect various stimuli and communicate these inputs
to the central nervous system?’.

In this study, we indicated unequivocal defects in trigeminal neuron numbers in the peripheral nervous
systems of the MO-mediated di-rasla/lb knockdown embryos. Nevertheless, we need more evidence to
pinpoint the reduction of the trigeminal ganglion neuron could be attributed to a role of di-rasla/lb in
neuronal cell development like neurogenesis, differentiation and apoptosis. Whether di-ras regulates the
expression of proneural genes, ngnl, remains to be explored. Likewise, several signaling cascade regulate the
function of trigeminal ganglion neuron for axon outgrowth, such as Sdf1/Cxcr4-dependent chemotaxis and
Notch and/or Her4 pathway?®?°. Whether di-ras may participate in these cascade is an important issue that we
must to realize.

In summary, we suggest that di-ras plays a critical role in the peripheral nervous system development in
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zebrafish.
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FIGURE LEGENDS

FIGURE 1. Protein sequence alignments and phylogenetic tree. (A) Sequence alignment of zebrafish
di-rasla and di-raslb with human, rat, mouse, and Xenopus. Identical amino acids in all or three species are
shaded in black and light gray, respectively. (B) Phylogenetic tree of zebrafish di-rasla and di-raslb. The
phylogenetic tree was created using the MegAlign program in DNASTAR using the neighbor-joining
algorithm. (C)....

FIGURE 2. Spatial and temporal expression pattern of zebrafish di-rasla/lb. (A) RT-PCR analyses of
di-rasla and di-raslb mRNA in different stages (upper panel) and (B) different adult tissues (lower panel).
Elongation factor-1a is used as internal control. Whole-mount in situ hybridization analyses of (C) di-rasla
and (D) di-raslb mRNA during zebrafish development. Zebrafish di-rasla and di-raslb is expressed
zygotically throughout the development, with relative enrichment in the brain.

FIGURE 3. Analysis of di-rasla and di-raslb knockdown efficiency. The effectiveness of morpholino
oligonucleotides was tested using the corresponding di-ras1-GFP expression constructs. 100 ng of the
di-rasla-GFP or di-raslb-GFP plasmid DNA was injected alone or with 4 ng of a morpholino
oligonucleotides at the one-cell stage, and a group of embryos were photographed during 24 HPF.

FIGURE 4. Malformation of axons under di-rasla/lb knock down conditions. Effects of di-rasla and
di-raslb depletion on neurogenesis, as visualized by acetylated o-tubulin (AcTub) staining. AcTub expression
(an axonal marker) was examined using confocal microscopy at 24 HPF. Axonal scaffolds in di-rasla and
di-raslb morphants were visibly deteriorated. All images are shown in the lateral view.

FIGURE 5. Effects of di-rasla and di-raslb depletion on neurogenesis on the basis of the Tg (huC:gfp)

X



model. Embryos that received the indicated MO were collected at (A) 24 and (B) 48 HPF. (A) The huC
expression in the telencephalon decreased in di-rasla and di-raslb morphants. (B) The di-rasla and di-raslb
morphants exhibited abrogated huC expression in the forebrain region and significantly decreased huC
population throughout the neurogenesis.

FIGURE 6. Di-rasla/lb are required for trigeminal ganglion neurogenesis. Immunostaining of 24 HPF
embryos with an antibody against islet-1 marks (lateral views of the anterior regions of the embryos) primary
neurons in corresponding condition.
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Fig. 5
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