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Summary

Several members of the Wnt family are expressed in discrete domains along the A-P and D-V
axes of the neural tube. However the role of some of these Wnts in neurogenesis remains
unclear. Wnt3 is a signaling molecule broadly expressed in the central nervous system (CNS).
The homozygous nonsense mutation of WNT3 in human (Q83X) results in autosomal
recessive tetra amelia (loss of four limbs) with affected fetuses exhibiting craniofacial, CNS,
pulmonary, skeletal, and urogenital anomalies. This thesis aims to define the role of wnt3 in
neural development of zebrafish to shed light onto malformation of the brain in human WNT3
mutants. We isolated zebrafish wnt3 and detailed its expression pattern during embryogenesis.
The expression in the CNS extends from the spinal cord to the diencephalon, where its
expression terminates at the zona limitans intrathalamica. Areas with strong expression lie
mainly in dorsal brain and include the ventral epithalamus, dorsal thalamus, optic tectum,
cerebellum and hindbrain. The ventral extension of wnt3 expression to dorsal thalamus is
unique when compared to other dorsal midline Wnts such as Wnt1, Wnt3a and Wnt10b
(Molven et al., 1990; Krauss et al., 1992). In zebrafish, the expression in the dorsal thalamus
remained strong at 7dpf, the last stage of our expression analysis. The persistent expression in
the anterior CNS suggests continuous participation in neural patterning events throughout
embryo development. Our interest in studying the effect of misexpression of wnt3 in the
anterior CNS led us to develop an in vivo electroporation approach that deliver DNA into the
brain of zebrafish embryo (Teh et al., 2003). The electroporation technique allowed us to
study later patterning events such as stage-dependent fate determination of precursor cells in
the developing brain. Co-electroporation of Wnt3 with TOPflash, a Tcf-reporter construct,
shows that Wnt3 acts as a canonical Wnt during neural development. We further showed by
electroporation that brain specific over-expression of Wnt3 leads to an increase in neuronal
differentiation. Conversely, knockdown of wnt3 transcripts by pan-embryonic injection of
anti-Wnt3 morpholino showed that it is required for development of habenula, dorsal

thalamus and optic tectum. Additional patterning defects are observed in the dorsal hindbrain

Vi



and craniofacial cartilage of Wnt3 morphants. Three different approaches were adopted to
analyze defects that arise upon Wnt3 knockdown. First, marker analysis with nkx2.2, pax6b
and otx2 riboprobes showed that D-V patterning of the brain, specifically the dorsal thalamic
locus and optic tectum were affected in Wnt3 morphants. Second, immunohistochemical
experiments conducted on 3dpf larvae further demonstrated that processes of neuronal
differentiation (oc-acT and oc-HUC) and cell proliferation («c-PCNA) were reduced in the
dorsal diencephalon, optic tectum and dorsal hindbrain of Wnt3 morphants. The third
approach involved Wnt3 morphant analysis in living color transgenic lines. This method
demonstrated that formation of habenula was abnormal in morphants and further verified
patterning defects observed in dorsal thalamus, optic tectum, dorsal hindbrain and craniofacial
cartilage. Finally these results demonstrated the requirement of Wnt3/B- catenin signaling in
the patterning of these regions during zebrafish development.

(494 words)
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1. Introduction

1.1 General Introduction to Wnt Signaling

The Wnt family is a group of proteins encoded by seven known genes in Drosophila and
about 19 genes in mammals (mouse and human). The name Wnt is derived from the
Drosophila gene wingless (wg), which plays a role in segment polarity, and the mouse gene
int-1, which is required for midbrain and cerebellar formation as well as the generation of
neural crest cells (Ikeya et al., 1997; McMahon et al., 1992; McMahon and Bradley, 1990).
The size of Wnt proteins varies between 350 and 400 amino acids. They contain around 24
highly conserved cysteine residues most probably involved in disulfide bond formation. Wnt
proteins are secreted glycoproteins that signal through Frizzled receptors (Bhanot et al.,
1996), a family of seven-pass transmembrane proteins. The receptor (Fz) ligand (Wnt)
complex activates Dishevelled (Dvl), a cytoplasmic scaffold protein that brings together
components of the pathway for efficient transduction (Wharton, 2003). Downstream of Dvl,
the Wnt pathway diverges into at least three branches: the canonical or Wnt/p-catenin
pathway, the planar cell polarity (PCP) pathway and the Wnt/calcium pathway.

In the canonical pathway (Fig.1.1a), Wnts control early cell fate decisions through the
regulation of gene expression by inducing B-catenin-mediated transcriptional activation.
Intracellular mediators of the canonical pathway include Dishevelled and (-catenin
(Klingensmith et al., 1994; Noordermeer et al., 1994), which promote pathway activation, and
Axin and GSK-3 (Nakamura et al., 1998; Siegfried et al., 1992), which negatively regulate
the pathway. In the absence of Wnt ligand, cytoplasmic levels of B-catenin protein remain
low, as a result of its association with GSK-3f and Axin, which target it for proteolytic
degradation (Aberle et al., 1997). Upon binding of Wnt, GSK-3p is inhibited, and cytoplasmic
levels of B-catenin increased (Papkoff et al., 1996). This results in translocation of B-catenin
into the nucleus, where it functions as a transcriptional co-activator, commonly associating

with members of the LEF/TCF family of transcription factors (Brunner et al., 1997;



McKendry et al., 1997; van de Wetering M. et al., 1997) to activate transcription of target
genes (Logan and Nusse, 2004). The interaction of Fz proteins with their co-receptors, low-

density lipoprotein receptor-related protein 5 (LRPS) and 6 (LRP6) — single-pass

transmembrane proteins — is specifically required for signaling through the canonical
pathway (Pinson et al., 2000; Tamai et al., 2000; Wehrli et al., 2000).

The planar cell polarity (PCP) pathway [Fig.1.1b; (Huelsken and Birchmeier, 2001)] controls
the orthogonal polarity of cells within an epithelium (Strutt et al., 1997), the convergent
extension movements during gastrulation (Heisenberg et al., 2000) and the orientation of
cochlear cells in the inner ear (Dabdoub et al., 2003). In D. melanogaster, activated Fz signals
to Dvl, which, in turn, activates the small GTPase RhoA and c-Jun amino (N)-terminal kinase
(JNK) (Strutt et al., 1997). In vertebrates, Dvl can signal through both Rho and Rac1 (another
small GTPase) to regulate convergent extension movements during gastrulation (Habas et al.,
2003). This role of the Rho GTPases and JNK pathways indicates that both the actin
cytoskeleton and microtubules are likely to be affected by activation of the PCP pathway.

The Wnt/calcium pathway (Fig.1.1 c¢) induces ventral but antagonizes dorsal cell fates in early
Xenopus laevis embryos (Saneyoshi et al., 2002), and also regulates cell movements during
gastrulation and heart development (Sheldahl et al., 2003; Veeman et al., 2003). Binding of
specific Wnts to Fz receptors leads to signaling through Dvl to induce calcium influx, and
activation of protein kinase C (PKC) and calcium/calmodulin dependent protein kinase II
(CaMKII) (Kuhl et al., 2000; Sheldahl et al., 2003).

Seven-pass transmembrane receptors such as Frizzled usually signal through trimeric G
proteins. Pharmacological and overexpression studies have indicated that G proteins are
involved in Wnt signaling (Liu et al., 2001; Slusarski et al., 1997). Recent loss-of-function

(LOF) studies also showed a clear role for G proteins in Wnt signaling. Furthermore,
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Fig.1.1 | Three main branches of the Wnt signaling pathway. (a) The canonical or Wnt/f3-
catenin pathway regulates cell fate decisions and possibly synaptogenesis. Binding of WNT to
the Frizzled (Fz) and low-density lipoprotein receptor-related protein 5 (LRP5) or LRP6
receptor complexes activates Dishevelled (Dvl). Signaling through Fz requires G-protein
activation. Activation of Dvl results in the inhibition of glycogen synthase kinase 38 (GSK3p)
and accumulation of B-catenin in the cytoplasm by inducing the disassembly of the
destruction complex that is formed by adenomatosis polyposis coli (APC), Axin and GSK-3p.
Subsequently, B-catenin translocates to the nucleus where it activates transcription mediated
by T-cell specific transcription factor (TCF)/ lymphoid-enhancing factor (LEF). A pathway
that diverges downstream of GSK3f has also been shown to control microtubule dynamics.
(b) In the planar cell polarity (PCP) pathway, Fz functions through G proteins to activate Dvl,
which, in turn, signals to Rho GTPases (Rho or Rac or both). Activation of Rac signals
through the c-Jun amino (N)-terminal kinase (JNK). Activation of Rho GTPases induces
changes in the cytoskeleton. This pathway has been implicated in cell and tissue polarity and,
more recently, in dendritic arborization. (c) In the Wnt/calcium pathway, activation of Dvl
induces the release of intracellular calcium and activation of protein kinase C (PKC) and
calcium/calmodulin dependent protein kinase II (CaMKII). The role of G proteins is poorly
understood. This pathway has been implicated in cell fate and cell movement. NF-AT, nuclear
factor of activated T cells (Ciani and Salinas, 2005).



studies in D. melanogaster have shown that G proteins are required for the canonical and the
PCP pathways (Katanaev et al., 2005). These new findings indicate that G proteins are likely

to have a crucial role in Wnt-Fz signaling in vertebrates.

1.2 The Role of Wnt Signaling in Neural Development

Many Wnt ligands and Frizzled receptors are expressed in both the developing and mature
nervous systems suggesting their roles in both neural development and function. We focus on
the roles of Wnt signaling in the development and maturation of the vertebrate nervous
system. The central nervous system (CNS) primordium arises from neural plate, which in turn
segregates from embryonic ectoderm and is specified along the anterior—posterior (A-P) and
dorso-ventral (D-V) axes in response to inductive signals originating from the underlying
dorsal endomesoderm (Lumsden and Krumlauf, 1996). Nieuwkoop proposed a double-
gradient model for the A-P specification of neural tube (Nieuwkoop, 1952). According to this
model, after the acquisition of neural identity by ectodermal cells, neural tissues are induced
to acquire anterior fates. Subsequently, posteriorizing factors induce posterior characteristics
in neural tissues that started off with anterior fates. Consequently, a series of morphological
vesicles can be distinguished at the anterior end of the neural tube indicating its pattern along
the A-P axis. The most anterior end of the neural tube gives rise to the forebrain consisting of
the telencephalon and diencephalon, while the more posterior regions form the midbrain, the
hindbrain (that is further divided into seven segmental rhombomeres) and the spinal cord.
Finally within each of these morphological domains, regional patterning occurs that regulates
the formation of specific neural structures with distinct histologies.

The regulation of Wnt signaling for correct A—P specification of the neural tube is
accomplished through extracellular antagonists and through intracellular signaling
components that are expressed or activated in anterior regions of the neural tube. Several lines
of evidence obtained in experiments conducted on animal models ranging from Xenopus to

mouse indicate that the posteriorizing function of Wnts must be inhibited anteriorly to



generate anterior neural structures. Ectopic expression of Wnts leads to the suppression of
anterior fates and the induction of posterior neural markers (Kiecker and Niehrs, 2001). Wnt
antagonists are crucial for specification of the anterior neural tube and function by either
inhibiting the activity of LRP5/6 or Wnts. For example, the Wnt antagonist DKKI1 is
expressed by the organizer at the onset of gastrulation and in the anterior axial mesoderm
during late gastrulation (Hashimoto et al., 2000). Ectopic expression of DKK1 leads to
enlargement of the head, whereas loss of DKK1 function induces microcephaly or loss of
anterior structures (Glinka et al., 1998; Kazanskaya et al., 2000; Mukhopadhyay et al., 2001).
This function of DKK1 is mediated through its interaction with the LRP6 (MacDonald et al.,
2004). In zebrafish, Tlc, a secreted Frizzled-related Wnt antagonist is expressed in the anterior
boundary of the neural plate that promote telencephalic fate by antagonizing local Wnt
activity at the anterior ectoderm (Houart et al., 2002). Consequently, an enhanced Tlc activity
in the anterior margin of the neural plate leads to expansion of telencephalic gene expression
into the prospective eye field. Conversely, elimination of Tlc function affects the formation of
telencephalon.

The zebrafish headless (hdl) mutant illustrates the importance of intracellular signaling
components in the canonical pathway. The T-cell factor-3 (Tcf3), a member of the Tcf/Lef
family is mutated in this mutant. The wild-type Tcf3 encodes a transcription factor with a j3-
catenin-binding domain, a single HMG DNA-binding domain and a nuclear localization
signal (NLS) motif (Pelegri and Maischein, 1998). The Tcf3 of hdl mutants is truncated. It
retains its B-catenin-binding site but lacks the HMG DNA-binding domain as well as the NLS
motif. The phenotype is associated with loss of a mechanism that is critical for repressing Wnt
signaling. As a result of overt activation of Wnt signaling, zebrafish with maternally and
zygotically homozygous headless mutations have no eyes or forebrain, and only part of the
midbrain, with a concomitant rostral expansion of midbrain and hindbrain markers (Kim et
al., 2000). An injection of RNA encoding AN-Tcf3 that lacks B-catenin binding but retains its

repressor activity, rescued the hdl mutant phenotype.



Subsequent steps after the initial patterning of the early neuroectoderm involve the refinement
of initial A/P domains into smaller subdivisions. The cell fate along the D-V axis is known to
be controlled by the interplay between dorsally derived factors, such as BMPs and ventrally
derived factors, such as Shh (Echelard et al., 1993; Liem et al., 1995). Signaling proteins
belonging to the Wnt family (Shimizu et al., 1997; Wong et al., 1994) are also implicated in
D-V neural tube patterning. At least 7 vertebrate Wnts are expressed in the embryonic CNS
including Wntl, Wnt3a, Wnt3, Wnt4, Wnt5a, Wnt7a and Wnt7b (Parr et al., 1993),
suggesting multiple and complex pattern of Wnt signaling during neural development. Wnt!
and Wnt3a are expressed in extensively overlapping region along the dorsal midline from the
diencephalon to the spinal cord. This expression pattern is observed in chick (Cauthen et al.,
2001; Hollyday et al., 1995), mouse (McMahon and Bradley, 1990; Parr et al., 1993; Roelink
and Nusse, 1991), Xenopus (Wolda et al., 1993) and zebrafish (Krauss et al., 1992; Molven et
al., 1991), suggesting a conserved role in regional specification of the neural tube. The role of
the dorsally expressed Wants in DV neural patterning has been difficult to ascertain through
mutagenesis, in part due to overlapping expressions. Still, mutations in these genes do lead to
neural patterning defects. WntI”" mice fail to develop portions of the midbrain and cerebellum
(McMahon et al., 1992; McMahon and Bradley, 1990; Thomas and Capecchi, 1990).
However the mutant phenotype is not fully revealed (the spinal cord is normal in WntI™”
mice) until multiple Wnts are removed. For example WntI™/Wnt3a” mice have additional
reduction in the caudal diencephalon, rostral hindbrain, spinal cord and neural crest cells
(Ikeya et al., 1997; TIkeya and Takada, 1998; Muroyama et al., 2002). The other indication of a
Wnt response in the dorsal neural tube is that B-catenin, necessary for the transforming Wnt
signal, is transcribed preferentially in the dorsal neural tube (Schmidt et al., 2000).
Inactivation of the B-catenin gene in the region of Wntl expression resulted in dramatic brain
malformation and failure of craniofacial development in mice (Brault et al., 2001). The role of
Whnt/B- catenin signaling in neural development is retained in zebrafish as the transgenic

Lef1/B- catenin dependent reporter line displays a broad distribution of response in the dorsal



aspect of the neural tube (Dorsky et al., 2002). In contrast to WntI”" mice, homozygous
mutant embryos from zebrafish line carrying a deficiency allele for wnt/ and wnt10b locus
(D) are not required for the formation of the midbrain and cerebellum. Relatively mild
phenotypic defects such as a greater gap between the medial edges of the MHB constriction
and the absence of a fissure between tegmentum and hindbrain in saggital sections are
observed instead (Lekven et al., 2003). Hence murine Wntl plays a more significant role in
neural patterning than their zebrafish counterpart. This suggests that additional genetic
redundancy exists amongst other Wnts in zebrafish. The difference in phenotype also

highlights the potential functional difference of Wnts between different animal models.

1.3 The Role of Wnt3 in Neural Development

Early neural expression of Wnt3 has been described in mouse (Bulfone et al., 1993; Roelink
and Nusse, 1991; Salinas and Nusse, 1992), Xenopus (Christian et al., 1991) and chick
(Robertson et al., 2004). When compared to other dorsal midline Wnts such as Wntl and
Wnt3a, Wnt3 exhibits a broader domain of expression in the dorsal neural tube. However its
function as a signaling molecule in neural development remains to be fully addressed. A
homozygous nonsense mutation (Q83X) in the WNT3 gene is identified in 4 fetuses with
tetra-amelia that originate from a single family (Niemann et al., 2004). The Q83X mutation
truncates WNT3 at its amino terminus and the mutation is associated with the loss of all limbs
with concomitant craniofacial and urogenital defects. Neural patterning is also affected in
these fetuses with craniofacial defects.

A functional role for Wnt3 in thalamic development has recently been suggested in chick.
Exogenous Wnt3 was sufficient to induce the dorsal thalamus marker Gbx2 in explants
isolated posterior to the presumptive zona limitans intrathalamica (zli) (Braun et al., 2003).
Until now only Wnt3a has been analyzed in zebrafish development (Buckles et al., 2004). We
decided to study the role of zebrafish Wnt3 in development and showed that the expression

pattern of the gene is consistent with a role in neural patterning. The expression of wnt3 is



restricted to the dorsal domain of diencephalon, midbrain, midbrain-hindbrain boundary
(mhb), hindbrain and spinal cord of a developing zebrafish embryo. In addition to the dorsal
expression in the CNS, wnt3 expression can also be detected in the anterior floor plate. Dorsal
diencephalic expression of wnt3 is detected at and posterior to zli in the ventral epithalamus
and dorsal thalamus. Zli is a local signaling center that was proposed to regulate the
acquisition of identity for dorsal and ventral thalamus in chick (Kiecker and Lumsden, 2004).
Brain-specific over-expression of Wnt3 via electroporation leads to enhance neuronal
differentiation. The knockdown of wnt3 transcripts by pan-embryonic injection of anti-Wnt3
morpholino showed that it is required for development of the posterior forebrain and
midbrain. Specifically, habenula, dorsal thalamus and optic tectum failed to form in Wnt3
morphants. Additional patterning defects are observed in dorsal hindbrain and craniofacial
cartilage. Finally, we provide evidence that suggest the involvement of Wnt3/- catenin

signaling in the patterning of above-mentioned regions in the brain.
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2. Materials and Methods

2.1 DNA Applications

2.1.1 Plasmid Vectors and Host Bacteria

Vectors Host Bacteria
pGem®-Teasy (Promega,USA) XL1-Blue
pBluescript®” SK/KS (Stratagene, USA) XL1- Blue
pcDNA3.1™(-) (Invitrogen, USA) DHS5a
pEGFP-N2 (BD Biosciences Clontech, USA) | XL1-Blue
pDsRed-Express-C1 (BD Biosciences XL1-Blue
Clontech, USA)

pRL-CMYV (Promega, USA) IM109
TOPflash (Upstate, USA) XL1-Blue

2.1.2 Bacterial Culture Media

Name

Descriptions

Carbenicillin Stock

10 mg carbenicillin sodium salt in 1 ml of
water, filter sterilized.

Chloramphenicol Stock

10 mg in 1 ml of methanol, filter sterilized.

Kanamycin Stock

10 mg in 1 ml of water, filter sterilized.

Isopropyl-1-thio-B-D-galactoside (IPTG)

100 mM in sterile water

5-Bromo-4-chloro-3-indolyl-B-D-galactoside
(Xgal)

20 mg of Xgal in 1 ml of N,N dimethyl
formamide

Luria-Bertani (LB)broth

10 g tryptone

5 g yeast extract

5¢g NaCl

adjust volume to 1 liter and pH 7.5

LB broth/carbenicillin 75 pg/ml carbenicillin in LB

LB broth/kanamycin 40pg/ml kanamycin in LB

LB broth/glycerol Transfer 57 ml of 87% glycerol into a beaker
and top it up with LB broth to a final volume
of 100 ml, filter sterilized.

LB broth agar 15 gagar in 1 liter of LB broth

LB broth agar/ carbenicillin

100 pg/ml ampicillin in LB agar

LB broth agar/ kanamycin

40pg/ml kanamycin in LB agar

LB broth/glycerol

20% (v/v) glycerol in LB broth

TSB solution

85% (v/v) LB broth
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5% (v/v) DMSO

10% (w/v) PEG (Av molecular weight 3,350)
10 mM MgCl,

10 mM MgSO,

TSBG solution 20 mM glucose in TSB solution

2.1.3 Long-term Storage of Bacteria

Bacterial strains were stored long term at low temperatures (-80°C) in 15 to 40% (v/v)
glycerol. A fresh colony was inoculated in 3 ml of LB or LB with specific antibiotics in a 15
ml tube. It was cultured at 37°C until late log or stationary phase (usually overnight). 0.5 ml
of LB broth/glycerol was added to 0.5 ml of the bacterial culture (frozen stock will contain
25% glycerol) in a sterile labeled cryovial before being frozen at -80 °C. To revive bacteria
from the -80°C stock, a sterile toothpick was used to scrape some of the frozen medium and
then streaked on appropriate culture plate e.g. L/A agar. The frozen stocks should not be

thawed because each freeze-thaw cycle will result in a 50% loss in cell viability.

2.1.4 Competent Cell Preparation

A single host bacterial colony was inoculated into 3 ml LB and cultured overnight at 240 rpm,
37°C. 0.2 ml of the saturated culture was then inoculated into 50 ml LB in a 500 ml flask. The
culture was incubated at 37°C, 240 rpm until it reached exponential phase of approximately
Agoo 0.5 (approximately 3 hrs). The bacterial culture was harvested by centrifugation at 5000
rpm for 10 min at 4°C. The cell pellet was resuspended in 5 ml of ice -cold TSB solution and
incubated on ice for 10 minutes before use. 200 pl of the freshly made competent cells was

used in each transformation reaction.

2.1.5 Transformation of Bacterial Competent Cells
Transformation was carried out in 1.5 ml Eppendorf tube(s). 20 ul of ligation reaction was
added to 200 pl of E.coli competent cells. This mixture was then incubated on ice for 30

mins. 800ul TSBG solution was subsequently added into the tube and the entire bacterial cell
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suspension was transferred to 10 ml snap-capped tube. The tube was then placed in a 37°C
shaker for 1 hr at 240 rpm. The transformation reaction was transferred back to 1.5 ml
Eppendorf tubes and spun down using a micro-centrifuge at 6000 rpm for 2 mins at room
temperature. The pelleted cells were resuspended in 300 ul of fresh TBSG solution and
subsequently plated onto LB agar plates with appropriate antibiotics. For blue/white screening
of recombinants, 40 pl of Xgal and 10 pl of IPTG was added to the bacterial suspension

before the content was plated onto LB agar plates containing the appropriate antibiotics.

2.1.6 PCR

PCR reaction was carried out in Programmable Thermal Controller PTC-100 (MJ Research
Inc. USA). Template DNA (genomic DNA / plasmid / purified DNA) or bacterial culture
containing putative transformants (2 pl) were amplified in a reaction volume of 20-100 pl.
Each reaction mixture consists of 1x PCR buffer (New England BioLabs Inc), 200 uM of
dNTPs, 1 uM of 5’- and 3’- primers and Dynazyme (New England BioLabs Inc, USA) (2
units / 100 ul of PCR reaction). A master mix was usually prepared, dispensed into individual
0.2 ml PCR tubes and respective DNA template was added to each reaction. The reactions
were carried out for 35 cycles and each cycle begin with 0.5 min of denaturation at 94°C,
followed by 0.5 min annealing at the desired temperature and extension at 72°C for x min
(approximately 1 min for each kb of expected amplified product). In order to ensure complete
elongation of all PCR products, a 5 min extension of 72 °C was included after the last cycle

and the reaction samples were stored at 4 °C until further analysis.
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2.1.7 Cloning of PCR Products

To clone PCR products, proper restriction sites were included at the ends of each PCR
primer. The restriction sites selected are present in the multiple cloning site of cloning vectors
and absent inside the DNA product. To ensure optimal restriction digest of PCR products,
flanking nucleotide sequences were added 5’ to the restriction site of the primer. The PCR
products were separated on agarose gels and the desired DNA fragment was excised and
purified with QIAquick” gel extraction kit (Qiagen, USA).

Alternatively, PCR products were amplified by Taq DNA polymerase or Dynazyme (New
England BioLabs Inc, USA), purified and directly cloned into pGem®-Teasy vector (Promega

Corporation, USA).

2.1.8 Ligation

Traditional Ligation Reaction

T, DNA Ligase 1U

10x T4 DNA Ligase Buffer 2 ul

Vector DNA Ix

Insert DNA At least 3x that of vector DNA
Autoclaved H,0 Top it up to 20 pl

In order to melt any termini that have re-annealed, vector and insert DNA in H,O was
warmed to 45 °C for 5 min in a sterile microfuge tube before the addition of 10x T4 DNA
ligase buffer and the enzyme. Ligation was performed in Programmable Thermal Controller

PTC-100 set at 16°C for 16 hr.

Rapid Ligation

T, DNA Ligase (3U/ pl) 1
2x Rapid Ligation Buffer 5
Vector DNA 1
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Insert DNA X ul

Autoclaved H,0 Top it up to 10 pl

The rapid ligation reaction (Promega Corporation, USA) was incubated at room temperature

for 1 hr or at 4 °C, overnight to obtain maximal number of transformants.

2.1.9 Restriction Digest

There are generally 2 types of restriction digest: a diagnostic and a preparative digest. A
diagnostic restriction digest is performed on a small scale to screen for positive recombinants.
The larger scale preparative restriction digest is performed to make recombinant constructs
that require further manipulations such as sub-cloning into other expression constructs of
interest.

The recombinant construct pBluescript SK-EGFP was generated with the aim of making anti-
sense EGFP riboprobe. EGFP fragment was obtained from pEGFP-N2 (Clontech, USA) by
cutting the latter with Sacl and Notl restriction enzymes. The fragment was subsequently
subcloned into pBluescript SK (Stratagene, USA) that was similarly treated with Sacl and
Notl restriction enzymes.

The expression construct pcDNA™3.1(-)-Wnt3 (pExWnt3) was obtained by cutting pGEM®-
T Easy-Wnt3 (Michael Richardson, unpublished) with Notl to obtain full-length zebrafish
Wnt3 (zfWnt3) DNA fragment of 1537 bp (358 bp 5’UTR, 1068 bp ORF and 74 bp 3’UTR).
Similarly, pcDNA™3.1(-) was digested with Notl, dephosphorylated and ligated to Notl
digested zfWnt3 fragment. Recombinant clones that contain zfWnt3 inserted in the correct
orientation were identified in a typical PCR reaction using T7 and W3R616 reverse primers.
The expression construct pcDNA™3.1(-)-Wntl was obtained by cutting pGEM1-Wntl (G.

Kelly, 1995) with Xbal and HindIll, Wntl fragment thus obtained was subsequently
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subcloned into similarly cut pcDNA™3.1(-) to give full-length Wntl expression construct
(pExWntl)

Diagnostic Digestion (single restriction enzyme)

DNA e.g. plasmid 0.5 pg

10x Reaction Buffer 2 ul
Restriction enzyme 2 units
Autoclaved H,O Top up to 20 pul

The contents were added to a microfuge tube in the following order: H20, buffer, DNA,
restriction enzyme. The sample was mixed by pipetting and briefly spun before incubation at
the recommended temperature. The standard incubation time is 3 hr. The reaction was
stopped by the addition of gel loading buffer and the products were separated by agarose gel

electrophoresis.

Preparative Digestion (single restriction enzyme)

DNA 5-20 pg
10x Reaction Buffer 6 ul
Restriction enzymes 10 — 40 units

Autoclaved H,O

Top up to 60 pl

The above reaction was treated as mentioned for diagnostic digestion and incubated at the
recommended temperature (usually 37°C) for a standard period of 3 hr. After incubation, gel
loading buffer was added to the reaction mix and the sample was loaded onto an agarose gel.
Agarose gel electrophoresis was performed until digested fragments were well separated. The
band of interest was cut out of the gel as an agarose block. Purification continued with

QIAquick® gel extraction kit (Qiagen, Germany).
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2.1.10 Agarose Gel Electrophoresis

Reagent Composition

50x TAE 242 g Tris base
57.1 g glacial acetic acid
100 ml 0.5 M EDTA in H,0O
6x Gel Loading Buffer 0.25% (w/v) Bromophenol blue

0.25% (w/v) Xylene cyanol FF
15% (v/v) Ficoll Type 4000
120 mM EDTA in H,O

Ethidium Bromide 10 mg/ml in H,O

To prepare 100 ml of a 1% (w/v) agarose solution, 1 g of agarose was added to 100 ml of 1x
TAE and heated in a microwave. The solution was cooled to 55 °C and ethidium bromide was
added to a final concentration of 0.5 pg /ml. The gel was allowed to solidify in a gel casting
tray. Before loading of samples, the gel was covered with electrophoresis buffer (the same
buffer used to prepare the agarose) and 1 pl of 6x gel loading dye was added to every 5 pl of
DNA sample. Electrophoresis was performed at 100 volts until dye markers had migrated an
appropriate distance. DNA bands in the agarose gel was visualized under UV transilluminator

at 304 nm.

2.1.11 Purification of DNA Bands from Agarose Gel

DNA samples were separated by gel electrophoresis and the fragment to be cloned was cut
out of the gel and purified by QIAquick® gel extraction kit (Qiagen, Germany). 3 volumes of
buffer QG was added to each volume of agarose and incubated at 50 °C until the gel slice had
completely dissolved. The sample was applied to QIAquick column to bind DNA. This was
then spun down at 14000 rpm for 1 min to allow binding of DNA onto the QIAquick column.

The flow through was discarded. Washing was done by the addition of 750 pl PE buffer into
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the QIAquick column and spun at 14000 rpm for 1 min. The flow through was discarded. An
additional 1 min of centrifugation was carried out to remove any residual ethanol. 40 ul of
nuclease-free water was added into the QIAquick column with sterile micro-centrifuge tube
and allowed to stand for 1-2 mins. The column was then spun at 14000 rpm for 1 min and the

DNA stored at -20°C.

2.1.12 Small-scale Purification of Plasmid DNA

Small-scale preparation of plasmid DNA was carried out using Wizard Miniprep kit
(Promega, USA). Overnight bacteria culture in LB medium with the appropriate antibiotic
was harvested by centrifugation at 6000 rpm for 2 mins using the 5417C centrifuge
(Eppendorf, Germany). After decanting the culture medium, the pellet was resuspended in
250 pl of cell resuspension solution (100 mg/ml RNase A; 10mM EDTA; 25 mM Tris-HCI,
pH 7.5). 250 pl of cell lysis solution (0.2 M NaOH; 1% SDS) was added to each sample of
the bacterial resuspension and mixed by inverting the Eppendorf tube 4-5 times. 10 pl of
alkaline protease solution was added and mixed by inverting 4-5 times. The tubes of mixtures
were then left to stand at room temperature for 4-5 mins. 350 pl of Neutralization Buffer
(1.32 M KOAc, pH 4.8) was added into each tube and mix by inverting 4-5 times. The
neutralized mixture was then spun down at 14000 rpm for 10 mins at room temperature. The
supernatant was then decanted into a spin column with a 2 ml collection tube. The spin
column with the collection tube was then spun down at 14000 rpm for 1 min at room
temperature. The flow through was then discarded. 750 pl of Wash solution with ethanol was
added into the spin column. This was spun at 14000 rpm for 1 min at room temperature. The
flow through was again discarded. This washing step was repeated with 250 pl of wash
solution. This tube was then spun at 14000 rpm for 2 mins at room temperature. The spin
column was then transferred to a sterile 1.5 ml micro-centrifuge tube. Plasmid was eluted by

the addition of 100 pul of nuclease-free water into the spin column. The tube was allowed to
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stand for 1-2 mins before being spun at 14000 rpm for 1 min at room temperature. The spin
column was then discarded and DNA stored at -20°C. The DNA was then quantified by

optical density reading using spectrophotometer (UV-1601, Shimadzu, Japan).

2.1.13 Large Scale Purification of Plasmid DNA

QIAGEN-tip 100 (midi) or QIAGEN-tip 500 (QIAGEN, Germany) was used to isolate
ultrapure plasmid for microinjection or electroporation into zebrafish embryos. E. coli cells
were lysed by the alkaline/SDS lysis treatment, followed by binding of plasmid DNA to
QIAGEN anion-exchange resin. Plasmid DNA was eluted in a high salt buffer and then
concentrated and de-salted by isopropanol precipitation. Briefly, 25 ml (midi) or 100 ml
(maxi) plasmid containing E. coli were lysed with alkali. The cell debris and chromosomal
DNA was precipitated with SDS and potassium acetate. After pelleting the debris the plasmid
DNA in clarified cell lysate was passed through the pre-equilibrated QIAGEN cartridge by
gravity flow. The column was washed twice with Buffer QC and plasmid was eluted with
buffer QF. Eluted DNA was precipitated with 0.7 volume of isopropanol at room temperature
and centrifuged at 15,000 g, 4°C for 30 min. The DNA pellet was rinsed with 70% (v/v)
EtOH and centrifuged for 5 min at 15,000 g, RT. The pellet was dried and suspended in sterile

deionized H,O.

2.1.14 Design of Antisense Oligonucleotides (morpholinos)

Morpholinos (MOs) were obtained from Gene Tools, LLC, USA. The antisense
oligonucleotide sequences were designed to bind to the 5’UTR or flanking sequences
including the initiation methionine or sequence at exon-intron junctions. To minimize the
possibility of non-specific effects, we designed at least two MOs complementary to non-

overlapping sequences for each gene. MO sequences are listed in Table 2.2.
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MOs were resuspended from lyophilized powder, and then diluted to 1mM stock in 1X
Danieau’s solution and stored at -80 °C. The MOs were diluted to the appropriate
concentration and these were injected into the yolk cell of one to two cell stage embryos using
a MPPI-2 pressure injection system (Applied Scientific Instrumentation, Eugene, OR, USA).
The designs of MOs used were based on recommendations provided by Gene Tools, LLC

(http://www.gene-tools.com).

2.2 RNA Procedures

2.2.1 Isolation of total RNA from zebrafish tissue

Total RNA was isolated from dechorionated zebrafish embryos using RNeasy” mini kit
(Qiagen, Germany). Samples were first lysed and homogenized in denaturing guanidine
isothiocyanate (GITC) containing buffer which inactivates RNases and thus ensure isolation
of intact RNA. Ethanol was added to the lysate to provide appropriate binding condition and
then applied to RNeasy mini column for further purification. The zebrafish embryos were
collected at desired stages and placed in 1.5 ml Eppendorf tube. Excess liquid was siphoned
out from the tube. 350 pl of RLT buffer was added into the tube and the embryos were
pulverized. The lysate was then spun down at 14000 rpm, RT, for 3 mins. The supernatant
was decanted into a sterile 1.5 ml Eppendorf tube. 350 pl of 70% ethanol was added into the
clear lysate and mixed well. This mixture was transferred to an RNeasy mini spin column
sitting in a 2 ml collection tube. The column was then spun at 10000 rpm for 15 sec. The flow
through was discarded. 350 pl of RW1 buffer was pipetted into the RNeasy column to wash,
the column was centrifuged at 10000 rpm for 15 sec. The flow through was discarded. 80 pl
of RNase-free DNAse (Qiagen, Germany) incubation mix was then added directly onto the
RNeasy silica-gel membrane and allowed to stand on the bench at room temperature for 15
mins. Afterwhich, another 350 pl RW1 buffer was added into the RNeasy column and spun

down at 10000 rpm for 15 sec. The flow through was discarded. 500 ul of RPE buffer was
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pipetted on the column and spun down at 10000 rpm for 15 sec. The flow through was
discarded and the washing step was repeated with another 500 pl of RPE buffer. The column
was then spun at 10000 rpm and for 2 mins and the flow through discarded. The column was
then spun down for an additional 1 min to remove any residual trace of ethanol. Column was
then transferred to a sterile 1.5 ml Eppendorf tube. Total RNA was eluted by the addition of
40 pl of RNase-free water onto the RNeasy membrane and spun for 2 mins. The RNA was
then quantified by optical density reading using the spectrophotometer (UV-1601, Shimadzu,

Japan).

2.2.2 Quantitation of Total RNA

4 ul of total RNA was diluted with 196pul of water and its absorbance was read at A,q. The
amount of RNA was quantitated using the following formula:

Total RNA = (Azg0) ' x (40 pg/ml/Asgo) 2 x (50) * x (total sample volume)

1. Ay is the absorbance of the solution at 260 nm,

2. 40 pg/ml/Ay is a fixed conversion factor relating absorbance to concentration for RNA

3. 50 is the dilution factor

2.2.3 One-step RT-PCR

Total RNA (DNAse I treated) was isolated from zebrafish embryos using RNeasy” Mini Kit
(Qiagen, Germany). cDNA for RT-PCR analysis was synthesized using Qiagen™ OneStep
RT-PCR kit (Qiagen, Germany) containing an optimized combination of Omniscript reverse
transcriptase, Sensiscript reverse transcriptase and HotStartTaq DNA polymerase and the
reaction was carried out according to the manufacturer's instructions. The technique was used
to amplify wnt3 transcripts from wild type and zebrafish embryos injected with wnt3
morpholino against the exonl and intron 1 splice site. Primers used are listed in Table 2.1. A
typical program used was as follows: cDNA synthesis at 50°C for 30 mins; denaturation at

94°C for 15 mins for 1 cycle followed by 40 cycles of [94°C for 1 min, 61°C for 1 min and
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72°C for 1 min] and final extension at 72°C for 5 mins. The annealing temperature wa
changed according to the primer design.

Table 2.1. Primers Used in RT-PCR to Detect wnt3, wnt3a and f-actin Transcripts.

Gene name | Abbreviation | Direction | Sequence

wnt3 W3F371 Forward 5’CTGGTTGGATTTCTCATGTGC3’
wnt3 W3R427 Reverse 5’ATAGCCTCCAAGCACCCGAGAY
wnt3 W3R536 Reverse 5’GGCAGAAGCGCAGCTGTTTTS’
wnt3 W3R616 Reverse 5’ACCACGGAACTGGTGCTGAY’
wnt3 W3R1296 Reverse 5’GCAGGTCACAGCCTTCGAT?’
wnt3 W3R 1436 Reverse S’TTATTTACATGTATGTACGTCGTAZY’
wnt3a Wnt3aF501 Forward 5’CCGAGAGTTTGCTGATGCC3’
wnt3a Wnt3aR1060 Reverse 5’ACTTGCAGGTGTGAACATCGT3’
Beta-actin | B-actin-F Forward S’CTTCCTTCCTGGGTATGGAATC3’
Beta-actin | B-actin-R Reverse 5’CGCCATACAGAGCAGAAGCCA3’

2.3 Zebrafish

2.3.1 Fish Maintenance

Zebrafish embryos (Danio rerio) were obtained from the fish facility of the Institute of
Molecular and Cell Biology. The fish were maintained according to the method described by
Westerfield (Westerfield, 1995). Fishes were fed three times per day with brine shrimps or
brown powder. They were kept under photoperiod cycle set at 14 hrs of daylight and 10 hrs of
darkness. Crosses were set after the third meal at 1800 hr with a divider and wire mesh.
Divider was removed at desired time to stimulate spawning behavior. Embryos were then
collected by a sieve and rinsed thoroughly to remove any waste materials attached to the

chorion.

2.3.2 Stages of Embryonic Development

In developmental studies, the accurate staging series is a tool important for defining the
timing of various developmental events. The embryos used were raised at 28.5°C and staged
according to standard practice (Kimmel et al., 1995). Embryos which were used for analysis

at 48 and 72 hpf were treated with 1-phenyl-2-thiourea (PTU; 1.5 mg/ml) at 19 hpf to prevent
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the formation of melanin (Westerfield, 1995). The approximate stage of a live embryo was

determined by examination under a dissecting stereomicroscope (Leica, Germany).

2.3.3 Microinjection into Blastula Stage Zebrafish Embryos

Morpholinos and plasmid DNA samples for injection were prepared at different
concentrations in 1X Danieu solution (58 mM NaCl; 0.7 mM KCI; 0.4 mM MgSOy; 0.6 mM
Ca(NOs),; 0.5 mM HEPES, pH 7.6). Samples were injected into the cytoplasmic stream of 1-
2 cell stage zebrafish embryos using a MPPI-2 pressure injection system (Applied Scientific
Instrumentation, USA). Injected zebrafish embryos were raised in 1X egg water (I ml

contains 10% NacCl; 0.3% KCI; 0.4% CaCl,; 1.63% MgSO,4.7H,0).

Table 2.2. A List of Morpholinos Used in This Study.

Gene Abbreviation Sequence Targeted Reference

name region

wnt3 W3-E111 MO 5’CTACTCACCACCAGATGGGATAGCC?’ Exon-intron 1 | Unpublished
5’UTRW3 MO | 55 GGCAAAGATGGATGCTTGAGAGAAT3’ | 5°UTR Unpublished
W3ctl-MO 5’TTACTGACCACTAGATGTGATACCC3’ | Exon-intron 1 | Unpublished

Note: Nucleic acid bases that are underlined — represent intron sequence; nucleic acid bases
that are highlighted in bold represent base changes.

2.3.4 Use of Anesthetic to View Embryos

When viewing live embryos after 19hpf, the embryos may twitch or move which affects the
process of imaging. Anesthetic was used to facilitate embryo manipulation. Briefly, 400 mg
of Tricaine (3-amino benzoic acidethylester) (Sigma, USA) powder was dissolved in 97.9 ml
of sterile water and the pH was adjusted to 7 using Tris pH 8.0. Usually, 5 pl of this solution
was added in a Petri dish with selected embryos and after a few seconds, the embryos could

be transferred for viewing.
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2.3.5 Staining with Acridine Orange (AO)

To determine whether there is increased cell death, in vivo staining with acridine orange (AO;
Calbiochem, USA) which detects DNA double strand breaks in dying cells, was used. AO is a
cell-permeable, cationic fluorescent dye that when bound to DNA, it is spectrally very similar
to fluorescein, with an excitation maximum at 502 nm and an emission maximum at 525 nm.
Dechorionated embryos were placed in glass petri-dish containing AO (150 mg/ml) and
incubated for 20min. Afterwhich, the solution in the petri dish was changed three times at 10
min interval. The embryos were then viewed under UV dissecting scope. The dead cells are

seen as bright green dots.

2.3.6 Cartilage Staining

The Alcian Blue staining protocol was modified from Neuhauss (Neuhauss et al., 1996).
Embryos at 5 dpf (PTU treated) were anesthetized in 0.02% buffered tricaine (Sigma, USA)
and fixed overnight in 4% phosphate buffered paraformaldehyde (PFA) at 4°C. After washing
in phosphate buffered saline (PBS), embryos were digested with proteinase K (10 pg/ml, 30
min) to better expose the cartilage elements to the dye, briefly fixed with 4% PFA and
extensively washed with PBS. The treated embryos were then stained overnight in 0.1%
Alcian Blue dissolved in acidic ethanol (70% ethanol, 5% concentrated hydrochloric acid),
washed extensively in acidic ethanol, rehydrated and stored in PBS containing 50% glycerol

before photography.

2.4 Electroporation into the Anterior Neural Tube of Zebrafish Embryo

2.4.1 Construction of the Electroporation Chamber

The top three quarters of a GenePulser” cuvette (Bio-Rad Laboratories, USA) (Fig. 2.1A)
with a 0.4-cm electrode gap was sawed off for convenient manipulation of the embryo. The
chamber was half-filled with 1% molten agarose in Hank’s buffer (137 mM NacCl, 5.4 mM

KCl, 0.25mM Na,HPO,, 0.44 mM KH,PO,, 1.3mM CaCl,, 1.0 mM MgSO,, 4.2 mM
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NaHCOs, pH 7.2). The volume of agarose depends on the age of the embryo, the older the
embryo, the longer its A-P axis and the more agarose required. Typically for 24-26 hpf
zebrafish embryos the chamber was filled with 3-4 drops of molten 1% agarose in Hanks
buffer from a disposable plastic Pasteur pipette (app. 120 ul). The chamber top was sealed
with Parafilm®. To cast a well for the embryo, a blunted microinjection capillary [tip
diameter, 0.05 mm; outer diameter (0.d.), | mm; inner diameter (i.d.), 0.58 mm; length,
100mm] (Sutter Instruments, USA) (the lower capillary on Figure 1B), which functions as a
mould, was inserted vertically through parafilm into the center of the chamber containing the
molten agarose to the level shown by a line on Fig.2.1B and held in place by parafilm until
the agarose had set. The well was formed after removing both capillary and Parafilm® from
the electroporation chamber.
The size of the well was further adjusted with the blunt capillary by flicking away excess
agarose such that the well could comfortably fit the posterior body of the embryo including
the yolk cell. An uninjected embryo was positioned in the well to check the quality of the
well. Factors that contribute to well quality include the following:-

1. The agarose well should lightly grip the yolk cell without injuring the embryo.

2. The anterior neural tube should be above agarose level.

3. The position of the embryo in the electroporation chamber should remain

unchanged after its exposure to the series of electric pulses.

At least 5 electroporation chambers should be prepared for each session as not all agarose
wells would be good enough for electroporation. Besides, an initially optimal well would
deteriorate with repeated use. A diagram of the electroporation chamber is shown in Figure
2.1C. The electrode plate is shown in black, and the troughs filled with Hank’s buffer are in
gray. The embryo was placed in the agarose well (gray circle) surrounded by Hank’s buffered
agarose (yellow). The orientations of the embryo that resulted in unilateral transgene
expression (blue line) or bilateral expression in the cerebellum and telencephalon (brown line)

are indicated. Troughs, 1 mm wide (made by the flat end of the blunt capillary with an outer
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diameter of 1mm), were made close to the electrode plates, and Hank’s buffer was added to
fill the electroporation chamber to the top. The height of the well is important; for efficient
electroporation into the brain, the head must protrude from the well. Embryo could be
manipulated using a blunt capillary under a dissecting microscope with large working
distance. The Olympus SZ40 dissecting microscope with transillumination and an additional

source of descending light through the gooseneck is particularly suitable for this purpose.

2.4.2 Microinjection of DNA into the Neural Tube of Zebrafish Embryos

Wild type zebrafish embryos 24-48 hours post-fertilization (hpf) were maintained in Hank’s
buffer containing 0.2 mM PTU, starting from 19 hpf, to inhibit pigment formation. Before
microinjection, zebrafish embryos were dechorionated, anesthetized using

tricaine and placed dorsal-side up in wedge-shape wells made in 1% agarose and covered by
Hank’s buffer. For DNA injection into a cavity of a neural tube, a standard microinjection
protocol with sharp micropipette (upper capillary, Fig.2.1B) was used. Using the
micromanipulator, the injection capillary (micropipette) was inserted into the yolk cell of the
embryo approximately at the level of first somite (solid line), then through the floor of the
hindbrain near the otic vesicle (broken line) and into the IV ventricle (arrowhead), Fig.2.1D.
DNA was injected using the MPPI-2 pressure injection system (Applied Scientific
Instrumentation, USA), Fig.2.2, until the neural tube was visibly distended. The injection
volume would vary depending on the age of the embryo (Table 2.3). Each injected embryo
was immediately transferred into the electroporation chamber filled with Hank’s buffer (to

prevent damage to the injected embryo that may result during transfer).
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Fig.2.1. Equipment used for in vivo electroporation into zebrafish brain.

(A) The conductivity chamber (1), formed by removing the top three quarters of a Gene
Pulser cuvette (I). (B) The sharp microinjection pipette (top) and the blunt micropipette
(bottom) as a mould to make the agarose well. The back of the micropipette was used to make
I-mm wide troughs that lined the sides of the electroporation chamber. (C) A diagram of the
electroporation chamber. The electrode plate is shown in black, and the troughs filled with
Hank’s buffer are in gray. The embryo was placed in the agarose well (gray circle)
surrounded by Hank’s buffered agarose (yellow). The orientations of the embryo that resulted
in unilateral transgene expression (blue line) or bilateral expression in the cerebellum and
telencephalon (brown line) are indicated. (D) The introduction of DNA into the cavity of the
neural tube. Anesthetized wild-type zebrafish embryos (24 h post-fertilization) were placed in
wedge shape wells, dorsal-side up. The pipette was pushed into the yolk cell of the embryo
flanking the first somite (solid line), through the floor of the hindbrain near the otic vesicle
(broken line), and into the IV ventricle (arrowhead).
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2.4.3 Electroporation Using Uniform Electric Field

The position of the microinjected embryo was adjusted such that the posterior body including
tail and yolk cell was inside the well while its head protruded from the well. Hank’s buffer
was removed to such a level that it barely covered the head. The electroporation chamber
containing the embryo was then clamped tightly between the metal plates of the safety stand.
The electro Square Porator ECM 830 (BTX®; Genetronics, USA), (Fig. 2.3) was used to
generate square electric pulses phased 1 s apart. Conditions of electroporation depended upon
stage of embryo development (Table 2.3). After electroporation, zebrafish embryos were left
to recover in small (d=40 mm) glass Petri dishes containing 2.5 ml of Hank’s buffer with
PTU. This modification of electroporation is used, firstly, for unilateral delivery of DNA into
a relatively limited number of cells in experiments that require analysis of cell morphology
and, secondly, for massive bilateral DNA delivery into cerebellum (Fig. 2.4, D and E). The
above mentioned modification of uniform electroporation into the anterior central nervous

system of a zebrafish embryo had been published in BioTechniques (Teh et al., 2003).
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Table 2.3. The Effect of Pulse Conditions on Survival and EGFP" Expression in Electroporated Zebrafish

Embryos.

Stage of
Development

Pulse
Conditions

Neuronal and Skin Expression

FB/MB/HB FB/MB MB/HB

Total
Neuronal®

Skin
Only

Deformed
Embryos

Total

Injection
Vol. /nl

24hpf

20V,
5 pulses,
50msec each
pulse

6 3

10

19

3

12

34

46

24hpf

20V,

2 pulses,
100msec each
pulse

15

12

28

30hpf

20V,

5 pulses,
S50msec each
pulse

11

18

31

46

36hpf

20V,

5 pulses,
S50msec each
pulse

25

30

5-7

36hpf

25V,

5 pulses,
50msec each
pulse

23

30

5-7

42hpf

25V,
5 pulses,
50msec each
pulse

16

30

48hpf

25V,

5 pulses,
50msec each
pulse

15

30

Note: Each electroporation condition performed on each developmental stage was completed
in a single experiment. Each embryo’s anterior neural tube was positioned parallel to the

electrode plate. As a result, all zebrafish embryos expressed GFP in a unilateral manner.
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Fig. 2.2. Microinjection was performed using the MPPI-2
pressure injection system and dissection microscope Olympus SZ40.

Power output

Safety stand

Fig. 2.3. Electro Square Porator ECM 830 with the attached safety stand.
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2.4.4 Electroporation Using Converging Electric Field

The electric field becomes non-uniform when electrodes of dissimilar size were used. To
generate a converging electric field a plate electrode was used for the cathode and a 1mm rod
electrode for the anode. This modification resulted in massive targeted unilateral transgene
expression in the neural tube (Teh et al., 2005). The setup is similar to that for electroporation
using uniform electric field but requires an additional pair of electrodes. A pair of electrodes
with L-shaped shaft configuration and an electrode length of 1mm (Genetrodes, model 516;
Genetronics, USA) were connected to the power output of the Electro Square Porator ECM
830. The 3mm gap between the electrodes was maintained by the Genetrode holder with an
adjustable distance that varies between 1-10mm (Genetronics, USA). In order to generate a
converging electric field, the Genetrode holder was positioned such that the negative
electrode touched the electrode plate of the electroporation chamber while the positive
electrode was placed 1mm from the neural tube of the embryo (Fig. 2.5). 19-24 hpf zebrafish
embryos were optimally electroporated with 4 pulses (spaced 1sec apart) of 17 volts, with
pulse duration of 50msec each. After electroporation, the embryos recovered in Petri dishes

containing Hank’s buffer with PTU.
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Fig. 2.4. Electroporation using uniform electric field. A —electroporation chamber, B —
scheme of unilateral electroporation [medial to lateral (M-L) axis], C — typical outcome of
unilateral electroporation along M-L axis, GFP mRNA is detected by whole mount in situ
hybridization in the brain of 48 hpf embryo shown in dorsal view, D — scheme of

electroporation along anterior to posterior (A-P) axis, E — typical outcome of electroporation

along A-P axis, GFP mRNA is detected by whole mount in situ hybridization in the
cerebellum of 48 hpf embryo.

Hegatre
electinds —-
- ir contact
— wath rlate
= Praitrre
; electrodk
4 not m
— e cortact

with plate

Sirle wrear T wriezr EIRRTL it

Fig.2.5. Electroporation using converging electric field. The anterior neural tube of
electroporated embryo massively express GFP on the right hand side 12 hrs post
electroporation as observed under fluorescent microscope (d — diencephalon, m — midbrain,
hb — hindbrain).
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2.5 In situ Hybridization

2.5.1 Antisense Probe Synthesis

5 pg of plasmid DNA was linearized at the 5’ end of the cDNA insert by a preparative
restriction enzyme at 37°C for 3 hrs. 1ug of linearized DNA was used to synthesize the
DIG/fluorescein probe. The reaction was performed at 37°C for 2 hrs in a total volume of 20
pl containing 2 pl of 10X transcription buffer (Ambion, USA), 2 ul of DIG/Fluorescein-NTP
mix [10 mM ATP, 10 mM CTP, 10 mM GTP, 6.5 mM UTP and 3.5 mM DIG/Fluorescein-
UTP (Boehringer Mannheim, Germany)], 1 ul of RNase inhibitor (40U/ pl) (Promega, USA).
2 ul of RNase-free DNase I was used to digest the DNA template at 37°C for 15 mins

following this reaction. The probes used in this study are listed in Table 2.4.

Table 2.4. A List of Molecular Markers Used in this Study.

Marker | Plasmid Linearizing | RNA References

enzyme polymerase
egfp pBluescript Sacl T7 Teh et al, Chapter 2
wnt3 pGem"-Teasy Sall T7 Teh et al, unpublished
wnt3a pGem"-Teasy | Smal T7 (Dorsky et al., 1998)
wntl pGEMI EcoRlI Sp6 (Kelly and Moon, 1995)
nkx2.2 pBluescript BamH]1 T7 (Barth and Wilson, 1995)
otx2 pBluescript BamH|1 T7 (Mori et al., 1994)
pax6b pBluescript EcoRI T7 (Nornes et al., 1998)

2.5.2 Probe Clean Up

Sample was adjusted to a volume of 100 pul with RNAse-free water. 10 pl of B-
mercaptoethanol was added to 1 ml of RLT buffer. This was followed by the addition of 350
pl of the RLT buffer to the diluted RNA sample that was subsequently mixed with 250 pl of
96-100% ethanol. This whole volume was then transferred to an RNeasy mini spin column
that had been inserted into a collection tube. The spin column and collection tube was spun at
10000 rpm for 15 sec. The flow through was then discarded. 500 ul of RPE buffer was
pipetted into the spin column and spun at 10000 rpm for 15 sec. Flow through was discarded

and replaced with another 500 ul of RPE buffer. The column was spun at 10000 rpm for
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another 2 min. The RNeasy column was then removed and placed onto a new 1.5 ml
Eppendorf tube and 30-50 pl of Rnase-free water was added into the RNeasy column and
allowed to stand for 1 min. RNA probe was then eluted out by micro-centrifuging the column

at 10000 rpm for 1 min. The RNA probe was then stored at -80°C.

2.5.3 Preparation of Staged Zebrafish Embryos

Embryos were dechorionated manually using a pair of 26 gauge hypodermic needles and
fixed overnight at room temperature. Staged embryos were fixed in 4% PFA
(paraformaldehyde) /PBS (0.8% NaCl; 0.02% KCI; 0.0144% Na,HPO4; 0.024% KH,PO4,
pH 7.4) for 12 to 24 hrs at room temperature or overnight at 4°C. Embryos younger than
15hpf were fixed before dechorionation and the chorion was removed afterwards. Embryos
older than 16hpf were dechorionated before fixation. After fixation, the embryos were washed
in PBST (0.1% Tween-20 in PBS) twice for 1 min each, followed by four times for 20 mins

each on a nutator at room temperature.

2.5.4 Proteinase K Treatment

This step is carried out for embryos that are older than 14 somites (>16 hpf). Embryos were
treated with 10 pg/ml of proteinase K in PBST at room temperature. The time of exposure to
proteinase K is dependent on the stage of the embryos and the specific activity of proteinase
K, which vary from batch to batch. In general, the guidelines are listed in Table 2.5. To stop
the proteinase K reaction, the proteinase K solution was completely removed, and the
embryos were fixed again in 4% PFA/PBS for 20 mins at room temperature. Embryos were

then washed in PBST twice for 1 min each and four times for 20 mins each.
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Table 2.5. Permeabilization of Zebrafish Emb

os and Larvae by Proteinase K.

Stage of Embryo Development/hpf

Time of Proteinase K Treatment/ min

<24 3
24-32 5
33-36 10
37-40 15
4] < 20

2.5.5 Prehybridization

Prehybridization was performed by replacing PBST with prehybridization buffer [50%

formamide; 5X SSC; 50 pg/ml heparin; 500 pg/ml tRNA; 0.1% Tween-20; pH 6.0 (adjusted

by citric acid)]. And the tube was placed at 68°C for at least 4 hrs.

2.5.6 Hybridization

2 - 4 ul of DIG-labeled probe (signal intensity dependent) was diluted in 200 pl of

hybridization buffer and denatured at 70°C for 5 mins, followed by 5 mins on ice. Selected

embryos were placed in a 1.5 ml Eppendorf tube with the original prehybridization solution

removed and replaced with probe added in prehybridization solution. The reaction was

incubated overnight at 68°C in a circulating water bath. The next morning, the embryos were

incubated in four changes of washing solution containing decreasing percentage of formamide

in 2X SSCT. The four washing solutions contained stepwise decrease in formamide from

50% formamide in 2X SSCT at the first wash to 12.5% of formamide in 2X SSCT at the last

wash. All washings were conducted in the 68°C water bath for a period of 15 min per wash.

This was followed by the fifth wash with 2X SSCT without formamide for 15 min. And the

final wash of 0.2X SSCT at 68°C for 1 hr.

2.5.7 Preparation of Preabsorbed Anti-DIG and Anti-Fluorescein Antibody

Commercial anti-DIG and anti-Fluorescein-AP antibodies (Boehringer Mannheim, Germany)

should be preincubated with intact biological specimen, to decrease the staining background
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and to increase signal-to-noise ratio. In the study, sheep anti-DIG-AP and anti-Fluorescein-
AP antibodies (Boehringer Mannheim, Germany) were diluted to 1:200 and 1:50 respectively
in PBS containing 5% blocking reagent (Roche, Germany) and incubated with 4% PFA fixed
zebrafish embryos on a nutator at 4°C overnight. After that, the antibody solution was
transferred to a new tube and diluted to 1:2000 and 1:500 with PBS in 5% blocking reagent,
10 ul of 0.5 M EDTA (pH 8.0) and 5 ul of 10% sodium azide in a final volume of 10 ml to
prevent bacterial growth. The preabsorbed antibody was stored at 4°C and can be reused

several times.

2.5.8 Incubation with Preabsorbed Antibodies

After hybridization and post hybridization washes, the embryos were incubated in PBS
containing blocking solution for a minimum of 1 hr at room temperature to remove
background signal generated from non-specific binding of antibodies. After removing the
blocking solution, the embryos were incubated with preabsorbed anti-DIG-AP antibody at

4°C overnight.

2.5.9 DIG or Fluorescein Staining

After antibody incubation, embryos were washed 4X 20 min in PBS followed by 2X 15 min
in detection buffer (100 mM Tris pH9.5, 5 mM Mg C12, 100 mM NaCl). NBT/BCIP color
substrate development was performed in the presence of 0.3375 pg/ml of nitroblue
tetrazolium (NBT) (Sigma-Aldrich, USA) and 0.175 pg/ml of 5-bromo, 4-chloro, 3-indolil
phosphate (BCIP) (Sigma-Aldrich, USA) dissolved in detection buffer. Fast red staining was
prepared by dissolving 1/2 of the fast red tablet (Roche Biochemicals, Switzerland) in 1ml
detection buffer (100 mM Tris pH8.2, 5 mM Mg C12, 100 mM NaCl). The content was
clarified by centrifugation and mixed with equal part of Naphthol AS-MX phosphate (Sigma,

MO, USA) solution (500 pg/ml in fast red detection buffer). Color development was allowed
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to proceed in the dark and monitored occasionally under light microscopy until the desired
intensities were achieved. For control and experimentally injected sets of embryos, the
staining procedures were initiated and stopped at the same time. The staining reaction was
stopped by a 2X 5 min PBS wash followed by 4% PFA fixation for a minimum period of 30

min before storing the appropriately stained embryos in PBS containing 50% glycerol.

2.5.10 Two-color Whole Mount /n Situ Hybridization

In two-color whole mount in situ hybridization, two distinct RNA probes labeled with DIG or
Fluorescein were applied to the same embryos in equal ratio. After incubation at 68°C
overnight, the probe in hybridization solution was removed and washing was carried out as
stated in section 2.5.6. The DIG detection was carried out first and the procedure is as
described in section 2.5.9.

Following the DIG staining with NBT/BCIP, the embryos were washed with MA buffer (0.15
M maleic acid; 0.1 M NaCl; pH 7.5) twice for 10 mins. To remove the phosphatase activity of
first antibody, the embryos were incubated with glycine buffer (0.1 M, pH 2.2) for 30 mins at
room temperature. After that, the embryos were washed with PBST four times for 10 mins
each and then incubated in blocking buffer (5% Blocking reagent in MA buffer, Roche,
Germany) at room temperature for 1 hr. Embryos were subsequently incubated with anti-
Fluorescein-AP antibody overnight at 4°C.

To detect the fluorescein signal, the embryos were washed with MA buffer (50 mM maleic
acid; 100 mM NaCl) at room temperature for 4X 20 min. Afterwhich, the MA buffer was

replaced with fast-red staining as stated in section 2.5.9.
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2.6 Cryostat Sectioning

2.6.1 Mounting Specimen for Cryostat Sectioning

Fixed or stained embryos were first transferred into molten 1.5% bactoagar - 5% sucrose in a
detached Eppendorf cap at 50°C. A syringe needle was used to adjust the embryo in a desired
orientation in a gradually hardening agar. After the agar block solidified, a small block was
cut with razor blade to mount the sample in the proper position. The block was then

transferred into 30% sucrose solution and allowed to stand at 4°C overnight.

2.6.2 Freezing and Collecting Sectioned Specimens

Subsequently, the block was placed on the frozen surface of a layer of frozen tissue freezing
medium (Reichert-Jung, Germany) on a prechilled tissue holder. The block was then coated
with one drop of freezing medium and frozen in liquid nitrogen until the block had solidified
completely. The frozen block was placed into a cryostat chamber (Leica, Germany) for 30
mins to be equilibrated with temperature of chamber that is at -25°C. Normally, 10 pm thick
sections were cut and collected on a Leica CM1900 Cryostat (Leica, Germany) and the
sections were transferred onto warmed subslides. The slides were dried at 42°C on the
hotplate for 30 mins. The sections were rinsed briefly with PBST and cover slips were placed
on the slides with several drops of 50% glycerol/PBS. The slides were sealed with nail polish

and ready for observation under microscope.

2.6.3 DAPI Staining

Some sections were further analyzed by staining with 1.5 ml of diluted 3.5 uM DAPI (4°, 6-
diamidine-2-phenylidole-dihydrochloride) and incubated in the dark for 20 mins. Afterwhich,
the slides were tilted to remove the staining solution. Washing was carried out using PBST
for 2X 20 mins. Once washing was completed, coverslip was mounted as described in

section2.6.2.
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2.7 Protein Applications

2.7.1 Immunohistochemical staining

2.7.1.1 Primary Antibody Incubation

Fresh embryos were collected at appropriate stages and were fixed in Histochoice
(AMRESCO Inc.,USA) overnight at RT. The next morning, the embryos were washed in MA
buffer pH 7.4 for 4X 20 min each and blocked with 5% blocking reagent (Roche, Germany)
for 1 hr on a nutator at RT. Primary antibodies were non-preadsorbed. They were diluted to
the desired titer in MA buffer containing blocking solution and incubated with embryos on a
nutator at 4°C overnight. All antibodies were used at 1:200 dilutions. The following day, the
embryos were washed 4X 20 min in MA buffer, pH7.4 and incubated overnight at 4°C with
the appropriately tagged and pre-adsorbed secondary antibodies (1: 200 dilution) in MA
blocking solution. The embryos were then washed 4X with MA buffer, pH7.4 on a nutator at
RT.

To detect the signal of secondary peroxidase conjugated antibodies the staining solution
containing 1 tablet of diamino benzidine (DAB) was incubated with the embryos. The
staining solution was prepared by dissolving a DAB tablet (Sigma, USA) in 5 ml of water and
the solution was clarified by centrifugation. DAB staining was initiated by the addition of 1 pl
of 33% hydrogen peroxide (H,0,) to every 1 ml of DAB staining solution. The staining was
observed under a stereomicroscope and stopped when an appropriate staining level was
reached. To stop the reaction, the embryos were rinsed in water and then washed in PBS
containing 0.1% Tween20. Embryos were prepared for viewing and photography as stated in

section 2.5.9.

2.7.1.2 Immunostaining on cryosections

Embryos of desired stages were fixed and sectioned as described in sections 2.6.1 and 2.6.2.

After the slides were heated at 42°C for '% hr, the slides were placed in a plastic container
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with a modified stage. The slides were rinsed twice with PBST (0.8% NaCl; 0.02% KCI;
0.0144% Na,HPOy,, 0.024% KH,PO,, pH 7.4; and 0.1% Tween 20). Afterwhich, blocking was
carried with 5% blocking reagent (Roche, Germany) in PBS at RT for a period of 1 hr. The
primary antibody was diluted to the appropriate titer, added to each slide and incubated at 4°C
overnight. The primary antibody was subsequently removed from the slides and washing was
carried out with PBS for 4X 5 min in a washing chamber with a 50 ml capacity. Pre-adsorbed
secondary antibodies (Alexa Fluor 488; Alexa Fluor 594, Molecular Probes, USA) diluted
1:200 in PBS containing 5% blocking reagent was applied to the slides and incubated at room
temperature for 4 hr. The washing with PBS was repeated for 4X 5 min. Once washing was
completed, a coverslip was mounted onto each slide using 50% glycerol/ 50% PBS as the
mounting medium. The specimen was overlaid with coverslip and sealed with nail polish. The

slides were kept in a slide carrier in the dark.

2.7.2 Dual-Luciferase® Reporter Assay

Promega’s Dual-Luciferase® Reporter (DLR™) Assay System sequentially measures the
activities of firefly (Photinus pyralis) and Renilla (Renilla reniformis, also known as sea
pansy) luciferases in the same sample. The kit was used in TOPFLASH (TCF reporter
plasmid, Upstate, USA)) luciferase analysis where following expression constructs
pEGFPN2, TOPFLASH, pRL-CMV (Promega, USA), pExWntl or pExWnt3 were
concomitantly electroporated into 24hpf neural tube of zebrafish embryo. Zebrafish embryos
that were successfully electroporated upon and hence misexpressed the cocktail of expression
vectors in the neural tube were identified under Olympus SZX12 stereomicroscope (Olympus,
Japan) equipped with the ultraviolet lamp and GFP filter 12 hours post electroporation.
Embryos that positively misexpressed EGFP reporter in the neural tube were pooled into
groups of three and lysed in 50ul of T-PER (Pierce Biotechnology, USA), containing
c@mplete protease inhibitor cocktail (Roche Diagnostics GmbH, Germany) using pestle in

1.5 ml microcentrifuge tubes. The firefly luciferase reporter activity that was activated upon
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binding of TCF (T- Cell factor) to its recognition sites in TOPflash was assayed by adding
20l of embryo lysate to 100ul of Luciferase Assay Reagent II. Quenching of firefly
luciferase luminescence and concomitant activation of Renilla luciferase (from pRL-CMV)
was accomplished by adding 100pul of Stop & Glo® Reagent to the same sample tube
immediately after quantitation of the firefly luciferase reaction. Luciferase activity obtained
from Renilla function functioned as the reporter for electroporation efficiency. All
luminescence data points obtained were normalized against Renilla luciferase activity and

measured with a manual luminometer.

2.8 Microscopy

2.8.1 Mounting and Photography Using Upright Light Microscope

Stained embryos were fixed in 4% PFA for 1hr at room temperature and selected embryos
were washed with PBST twice for 15 mins each and transferred to 50% glycerol/PBS,
equilibrated at room temperature for several hours. A single chamber was made by placing
stacks of 1-5 small cover glasses on both side of a 25.4 X 76.2 mm microscope slide to
facilitate whole mount examination. Stacks of small cover slips became tightly bound to one
another 1 hr after placing a drop of Permount between them. The selected embryo was
transferred to the chamber in small drop of 50% glycerol/PBS and oriented by a needle. A
22X44 mm cover slip with a small drop of the same buffer covered the chamber. The
orientation of the embryo can be adjusted by gently moving the cover slip.

For flat specimen, the yolk of the selected embryo was removed completely with needles. The
de-yolked embryo was then placed onto a slide with a small drop of 50% glycerol /PBS and
adjusted to a proper orientation by a needle. Excess liquid was removed with tissue paper. A
small fragment of cover slip (a little bit bigger in size then the specimen) was put onto the
embryo. This was done carefully to avoid air bubbles being trapped. A drop of 50%
glycerol/PBS was added to fill the space under the cover glass. The specimen was sealed with

nail polish along the edge of the cover glass to prevent it from drying. Photos were taken
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using a camera mounted to an AX-70 microscope (Olympus, Japan) or Axiophot2
photomicroscope (Zeiss, Germany) with software supplied by the manufacturers or Kodak
Gold 400ASA films were used during photo sessions. Overlapping of images and measuring

of relative areas were performed using Adobe® Photoshop 5.5.

2.8.2 Confocal Microscopy and Imaging

EGFP expression in live transgenic embryos was monitored under a Leica MZ FLIII
stereomicroscope equipped for UV epifluorescence viewing. For detailed analysis, embryos
were anesthetized as described in Section 2.3.4. A viewing chamber was made by cutting a
12.5 mm diameter hole at the bottom of a 35 mm plastic petri dish and placing a coverslip
outside to cover the hole. The coverslip was secured to the base of the petri dish using clear
adhesive. 0.8% agarose was poured into the chamber and cut glass micro-capillaries of 0.8 cm
were placed into the agarose to make lined spaces. Confocal images were acquired using
Zeiss LSM510 scanning laser (Carl Zeiss Inc., Germany) using 488 nm excitation and 510-
550 nm band-pass filters. Serial optical sections were taken at desired intervals using a 10X
Plan-Neofluar 0.3 objective. Raw image collection and processing were performed using the
LSMS510 Software (Carl Zeiss Inc., Germany). Combined images were made on Adobe®

Photoshop5.5.
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Results

43



3. Results

3.1 Expression Pattern of Zebrafish Wnt3

A cDNA clone containing the full length coding region corresponding to zebrafish wnt3 was
obtained in this laboratory by 5°- and 3’-RACE and a complete cDNA, 1537 bp in length was
subsequently amplified as a single PCR product (Michael Richardson, unpublished data).
Sequence analysis of the amplified clone shows that it is related to other vertebrate Wnt3
orthologs (Fig.3.1). Vertebrate Wnt3 sequences are highly conserved with amino acid
identities of approximately 90% between species. Homology analysis of Wnt3 and Wnt3a
orthologs supports the assignment of the zebrafish protein as Wnt3 (Fig. 3.2). In comparison,
DNA sequence identities between the open reading frames are less conserved between
zebrafish and the mammalian Wnt3. Pair distance analyses conducted between zebrafish and
human and between zebrafish and mouse generate percent identities of 75.4 and 76.0
respectively (data not shown). In contrast, zebrafish wnt3a transcript only shares 72% DNA
sequence identity in the open reading frame with wnt3 (Fig.3.3). RT-PCR analysis detected
the presence of wnt3 transcripts from 100% epiboly that reach maximal expression by neurula
stage. In comparison, wnt3a exhibits an earlier onset of transcription at 6hpf (Fig. 3.4).

The early neural tube of a vertebrate embryo consists of four regions, the forebrain, midbrain,
hindbrain and spinal cord. The forebrain consists of the telencephalon and diencephalon.
Several major subdivisions could be distinguished in the diencephalon; epithalamus, dorsal
thalamus, ventral thalamus and hypothalamus. Caudal to the thalamus are the pretectum
dorsally and posterior tuberculum ventrally. These regions lie in a transition zone between
diencephalon and midbrain. The midbrain consists of the optic tectum dorsally and
tegmentum ventrally. The hindbrain subdivides into seven segmental rhombomeres
encompassing the cerebellum at anterior rhombomere 1 followed by rhombomeres 2-7 at the
posterior end. We will describe patterns of wnt gene expression and discuss results obtained

from our functional analyses with reference to the above subdomains of the brain.
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Fig.3.1 ClustalW alignment of zebrafish Wnt3 with human, mouse and chickWnt3.
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Fig.3.2 Homology analysis of vertebrate Wnt3 and Wnt3a protein sequences. Zebrafish Wnt3
clusters with other vertebrate Wnt3 orthologs.
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