Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



ISOLATION AND CHARACTERISATION OF THE

DROSOPHILA DROR2 GENE

A thesis presented in partial fulfilment of
the requirements for the degree of
Master of Science in Genetics
at Massey University, Palmerston North

New Zealand

Kathryn Joy Frith
1997



1

ABSTRACT

Receptor tyrosine kinases (RTKs) are a family of cell-surface receptors that have an
important role in an array of cellular responses including cell migration, proliferation
and differentiation (Faml er «f. 1993), RTKs and therr ligands arc important
components i the determination of cell fate through signalling pathways that are
activated during both invertebrate and vertebrate development (Pawson and Bernstein,

19907,

The Ror sublamiby of RTKs are thought 10 be important for the development of the
nervous svstem as they are expressed highly in the nervous svstem in the developing
embiyo. but expression is minimal in adults. Three receptors in this sublamily have been
identified. Rort and Ror2 from humans (Masiakowski and Carroll. 1992) and Dror from
Drosophila (Wilson er af.. 1993). This thesis involved the isolation and characterisation

of the fourth gene in this tamily Dror2 from Drosophila melanogasier.

Degenerate oligonucleotides to conserved regions of the tyrosine kinase domain of
RTKs were used to PCR amplify a 200 bp {fragment fromi genomic DNA. A » genomic
librarv was screened with the labelled fragment in order to isolate the gene. The
resulting clene was subcloned and sequenced to obtain the complete sequence of Dror2,

The ' end of the gene was determined by RT-PCR. The transcriptional start point was
identified by using 3' RACE and sequencing of the amplification product. Expression of
Dror2 was examined using Northern Blot hybridisation and in sifw hybridisation to

whole mount embryos.

The 725 amino acid mature Dror2 protein comprises an extracellular domain containing
the signal peptide, cysteine-rich region and kringle domain, a hydrophobic
transmembrane domain and the intracellular domain containing a catalytic kinase
domain. Three introns were identified, one in the middle of the cysteine-rich region and

two flanking the kringle domain,
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1. INTRODUCTION

1.1 RECEPTOR TYROSINE KINASES (RTKS)

Receptor tvrosine kinases (RTKs) are a family of cell-surface receptors that
possess an intrinsic. figand sensitive protein tvrosine kinase actuivity (Yarden and
Ullrich. 1988}, RTKs and their ligands are important components in the
determination of cell fate through signalling pathways that are activated during
both invertebrate and vertebrate development {Pawson and Bernstein, 1990). The
receptors have an important role in an array of cellular responses including cell

migration. proliferation and differentiation (Fantl ef /.. 1993).

RTKs are Type | transmembrane proteins that have their N-termini outside the
cell and single membrane-spanning regions (Van der Geer er o/.. 1994). Therc are
several structural features that are conserved among all known RTKs. At the N-
terminus is a signal peptide that targets the protein to the secretory pathway. This
is followed by an extracellular domain of several hundred amino acids that
contains a distinctive pattern of cysteine residues and often a characteristic array
of structural motifs. This ligand-binding domain is the most distinguishing
feature from other RTKs. The transmembrane domain follows. which consists of
a stretch of hydrophobic residues that are followed by several basic residues
functioning as a stop-transfer signal. A juxtamembrane region on the cytoplasmic
side of the membrane precedes the catalytic domain. All RTKs kinases share a
conserved catalytic domain that contains kinase residues that are involved in
receptor function. The C-terminal tail is typically very hydrophilic and rich in
small amino acids and appears to have varying functions (Yarden and Ullrich,

1988).



RTKs have been classed into 14 subfamilies depending on the structure of each
RTK as seen in Figure 1.1. Members of a given subtamily share common
structural features that are distinet from those found in other subfamilies (Fantl e/
al, 1993} Fach subfamily contains different combinations of recognisable
sequence motifs in their ligand-binding domain but all catalytic domains are
similar.

Despite the diversity of RTKs there is a great degree of commonality in the types
of intracclular signalling pathways mitiated by thesc proteins. In Drosophila.
biochemical and molecular genetic analyses have shown that Jor ali RTKs the
binding of ligand to the extracellular domain activates the tyrosine Kinase in the
evtoplasmic domain. This leads to downstream activation of a number of
common signalling molecules. The activation of signalling pathways involving
these molecules leads to changes in gene expression and a change in the
phenotyvpic state of the ¢elll A single type of RTK can clicit very different
biological responses in different cell tvpes (Fantl e @/.. 1993). It is not clear how

this 15 accomplished.

1.2 RTKS IN DROSOPHILA

The activation of similar signalling molecules has been confirmed through
genetic analyses in two model systems, Caenorhabditis elegans and Drosophila
melanogaster. These studies have proven that RTK molecules are important for
the developmental specification of cell types and that RTKs in these organisms
initiate signalling pathways that are very similar to those found in mammalian

systems (Fantl er al., 1993).



Figure 1. 1 Structure of the fourteen RTK subfamilies.

Abbreviations are as follows: EGFR: epidermal growth factor, IR: insulin
receptor, PDGFR: platelet derived growth factor, Flk-2: foetal liver kinase-2, Fit-
3: fms-like tyrosine kinase-3. FGFR: fibroblast growth factor receptor, NGFR:
nerve growth factor receptor, HGFR: hepatocyte growth factor receptor. DDR:
discoid domain receptor. Adapted from Van der Geer er al (1994) by Dr Phil

Crosier, University of Auckland.
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In Drosophila, the signalling cascades from three RTKs have been studied
genetically. [n the embryo. the torso (tor) RTK is present throughout the embryo
and is required for the specitication of terminal structures (Brunner ef al., 1994).
In normal development an extracellular ligand activates tor at both poles of the
embryo. There are no terminal structures in mutants that do not express tor. Tor
cain-of-tunction mutants have a receptor that is active throughout the embryo,
leading to the generalised expression of the toy target gene raiffess (117 (Perrimon

and Desplan. 1994).

Another RTK important tn development in Drosophila is the EGE receptor
homolog named DER. DER has both maternal and zygotic {unctions. In the
mother DER s required for the establishment of the dorsoventral polarity of the
cgg sheil and the embryo (Schupbach. 1987). In the absence of a DER signal., a
ventral instead of dorsal phenotype is induced (Pawson and Bernstein, 1990). in
the zygote. the absence of DER acuvity at Stages 8 and 9 of embrvonic

development results in cells adopting an altered cell tate (Raz and Shilo, 1993).

In contrast to DER. the sevenless (sev) gene encodes a transmembrane RTK
whose only known biological function is the specification of a single
photoreceptor cell of the ommatidial clusters that comprise the Drosophila
compound eye (Zipursky and Rubin, 1994). In the developing eve, specification
of the R7 photoreceptor cell in each ommatidium depends on the local activation
of the sev RTK in the R7 precursor cell by the membrane bound bride-of-

sevenless (boss) protein on the neighbouring R8 cell (Hafen et al., 1987).

The sevenless, torso and DER RTKs are prototypes for tyrosine kinases that
convey positional and developmental information by interpreting cues provided
by nearby cells (Pawson and Berpstein, 1990). This type of local cellular
interaction is likely to have vast significance in defining the developmental fate

of cells in Drosophila embryogenesis.



These three RTKs have been shown to utilise a similar signalling cascade
(Brunner er a/., 1994) as seen in Figure 1.2. Binding of a ligand to an RTK leads to
activation  of the cyvtoplasmic tyrosine kinase domain. This results in
autophosphorvlation of tyrosine residues allowing the receptor to interact with
Drk. Tollowing this, the Drk protemn binds to the son-of-sevenless (sos) guanine
nucleotide exchange factor activating the protem. Sos can now act to convert the
mactive Ras-GDP 1o the active Ras-GTP form. The Ras guanine nucleotide
binding protein has been identified as a critical determinant of cellular
differcntiation (Avruch er al.. 1994). The immediate target ot Ras is Raf, a
serine/threonine kinase that is the next member of the signal transduction cascade.
Raf then binds and activates the MAP kinase activator MEK. which in turn
activates MAP kinase. MAP kinase is the final component whose activation is both

necessary and sufficient for signal transduction m the pathway.

From this point. transcription factors are phosphorylated by the pathway and
subsequent genes are activated. In the torso pathway the transcription factor(s)
imvolved 1s unknown, but both wailiess (¢1//) and huckebein (hkb) are activated in the
terminal regions in response to tor signalling (Perrimon and Desplan, 1994). In the
sevenless pathway the expression of sing and yan arc not dependent on sev
activity, but may be required to mediate regulated transcription in response to sev
activity (Brunner er a/l, 1994). In the DER pathway neither the transcription
factors nor genes involved in instructing dorsal follicle cell fate have yet been

identified.



Figure 1. 2 Different receptors utilize a similar signalling cascade

Components common to the tor, sev and DER pathways are shown (Brunner ef

al., 1994). Sce Scction 1.2 for details.
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Along with the three major RTKs. a number of other Drosophila RTKs have been

identified.

Dirk 1s highly related to the tk family of mammalian neurotrophin receptors
(Pulido et ai.. 1992). The product of Dirk is expressed in several arcas of the
developimg nervous svstem. The gene is thought 1o promote cell adhesion that
activates its tyrosine Kinase actvity. The tk family of receptors are discussed

further in Section 1.3.3.

Dror encodes a gene that is homologous to the vertebrate Ror family of Trk-
related RTKs (Wilson er @f.. 1993). The neurotrophic receptor functions during
the early nervous svstem development in flies. This family of receptors are

discussed more fully in Section 1.3.4 and 1.4,

Dret s a homolog of the human proto-oncogene ret. It is transiently expressed in
embryonic neuronal precursor cells including neuroblasts and ONS cells (Sugaya
et al.. 1994). The structure of Drer and expression is highly related to that of
human rer. so it is feasible that both genes are involved in the same

developmental process in neuronal tissues.

The Drosophila derailed (drl) gene is involved in key aspects of neuronal
pathway recognition (Callahan er al., 1995). Dr{ is expressed in only a small

subset of embryonic interneurons that share common pathways.

Lio encodes a putative RTK that is unusual as it contains a short extracellular
domain and modified catalytic domain (Dura er /., 1995). Lio, though not vital,
is important for learning and memory in flies. Lio mutants have weak learning
and memory capabilities with reduced shock reactivities and offactory associative

memory. Both dr! and lio genes are homologous to the vertebrate gene RYK. The
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function of RYK is unknown but evidence from Drosophila suggests the genes

may be involved in a new. undetermined signal transduction pathway.

1.3 RTKS OF INTEREST

1.3.1 DTK

Drk s a novel membrane bound developmental tvrosine kinase receptor that has
been cloned recently in mice. zebra fish and humans (Crosier er a/.. 1994a and b.
Walshe or al. 1995). Dik is a well-conserved receptor tvrosine kinase in
veriebrates. suggesting an important biological function. It is expressed in many
tissues during cembryogenesis and 1s strongly expressed in the adult brain and
other tssues to a lesser extent. The 830 amino acid mature receptor protein
comprises an exwracellular domain with two immunoglobulin-like motifs and two
fibronectin type [H modules, a 25 amino acid transmembrane domain and a

cytoplasmic region with a catalytic kinase domain (Crosier e af., 1994a).

There are two repeating protein motifs within the domain. One of these contains
two C-type immunoglobulin like motifs. the first domain has similar structure to a
CI-like domain. while the sccond is more related to the C2-like domain. Also in
the domain are two fibronectin type 11 motifs. Like Dtk, Axl (Ufo, Ark) also
contains two immmunoglobulin domains followed by two fibronectin type III

repeats in the extracellular domain {(Crosier ef al., 1994a).

The mouse Drk gene was first isolated from embryonic stem (ES) cells (Crosier ef
al., 1994a). Using RNA isolated from differentiating ES cells, a number of RTKs
were isolated that were potentially involved in haematopoietic development.
Degenerate oligonucleotides derived from conserved domains within the catalytic

kinase domain of protein tyrosine kinases were constructed and used in PCR
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reactions to isolate the RTKs. A number of sequences from putative and known

RTKs were found. one of which was designated ik,

I embryonic stem cells and embryonic bodies, Drk is expressed almost uniformly
from days 0-18. Within the embryvonic tissues expression was detected in total
RNA from a range of tissues including the bram. eve. thymus. lung. intestine,
forelimb. hindlimb. and testis. There was limited expression in the heart and
unfractionated liver. In the adult tissues the patiern of expression becomes
restricted. Franscripts were greatest in the brain. ocsophagus. bladder. testis and
ovary. In the brain the expression of Dri was more abundant in the adult than in
embryonic tissue. There were also traces of Dk in the fung. stomach and in the

intestines {Crosier ef wf.. 1994a).

The human Drk gene was isolated using the murine Dtk ¢cDNA as a probe to
screen a human brain ¢DNA library by Crosier er al. (1994b). This gene is
identical to the human Tyro3 gene cloned by Polvi er /. (1993). The protein has
identical predicted structural features to those of the murine Dtk. and there is an

89 % amino acid identity between the two genes.

To analyse the expression of Drk in humans, Northern blot hybridisation was
carried out. Dtk was shown to be expressed in foetal brain and kidney, as well as
low levels in foetal lung and heart (Crosier ef al., 1994b). In adult tissues Drk
expression was found in the brain, kidney, testis and ovary. Limited expression
was seen in the other adult tissues with no expression in the peripheral blood
leucocytes and liver. Thus, the pattern of expression was very similar to murine
Ditk, with the notable exception that there is little expression in the adult kidney

(Crosier et al., 1994b),
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1.3.2 EPH

The Eph subfamily is the largest of the RTKs with 13 receptors and 7 of their
ligands identified in mammals 1o date (Muller ef /.. 1996). The Eph subfamily of
receptors comiprise an extracellular domain that includes one immunoglobulin-
litke motife two fibronectin type IH repeats and a cysteine rich region. a
hvdrophobic region comprising the transmembrane domain and a cyvtoplasmic

region with a catalytic kinase domain (Van der Geer er af.. 1994).

The first receptor isolated in the Eph subfamily was identified by Hirai er af.
(1987) 1 a human genomic DNA library during a scarch for sequences
homologous to the tyrosine Kinase domain of v~ps (a viral oncogene). Following
this. the remaimder members of the family were identified from various vertebrate
species including humans, mouse. rat. Xeaopus and zebrafish (Pandey e al.

1993),

Most of these receptors are specifically expressed in neurons, but the biological
functions of many of the :ph-type RTKs are unknown. Ligand binding to an Eph
RTK appears to lead to activation of a novel signal transduction pathway. For
example. activation of the ectopically expressed receptors does not lead (as

expected) to a biological response from the cell (Muller ef af., 1996).

Another unique feature of this subfamily is that only the membrane-bound forms
of ligands are active, leading to speculation that these receptors play roles in axon
guidance, neuronal bundling or angiogenesis (Stein er al., 1996). More
specifically it has been suggested that these receptors and ligands may play a
stgnificant role in forming topographic projections along the anteroposterior axis
of the tectum (Tessier-Lavigne, 1995). The tectum is the structure in the brain
that transmits the retinal image to the brain by rectifying the back-to-front,

upside-down image. To do this, the anterior and posterior ganglion cells map to
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the posterior and anterior tectum, and the dorsal and ventral ganglion cells map to
the ventrat and dorsal tectum (Orike and Pini. 1996). Studies performed on the
chicken showed the presence of a retinotectal projection in which retinal ganglion
cell axons project in a topographic manner onto the optic tectum, the target area.
[t 1s thought that complementary gradients of receptors in the retina and of
corresponding ligands i the optic tectum are crucial for the formation of this

projection (Muller ef al.. 1996).

As well as this. expression of some Eph-related molecules in migratory cells
suggests a further role of these receptors in the process of cell migration (Muller
et al.. 1996). Thus 1t appears that Eph-tvpe RTKs play important roles in

maintaining and developing many cell and tissue tvpes.

1.3.3 TRK

The Trk receptors belong to the Nerve Growth Factor (NGF) receptor subfamily
of RTKs. The NGFT receptors comprise an extracellular domain that includes a
leucine rich region and two immunoglobulin-like motifs, a transmembrane
domain and a cytoplasmic region with a catalytic kinase domain (Van der Geer ef

al., 1994).

The original member of this family, proto-rrk (Martin-Zanca et al., 1986}, was
named after the human oncogenic product 7RK, a cvtosolic non-muscle
tropomyosin receptor kinase fusion protein. This was renamed 7rk4 when two
other members of this group were identified, 7rkB (Klein et al., 1990) and TrkC
(Lamballe er al., 1991). The Trk receptors share structure and sequence

similarities and have been shown to bind similar ligands.

All three 7rk genes are almost exclusively expressed in neurons and are the
receptors for neurotrophins. Each neurotrophin activates specific receptors by

binding to their extracellular domains. TrkA is a receptor for NGF the best
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characterised neurotrophin, TrkB for BDNF and NT-4/5 and TrkC for NT-3
(Grimes et al.. 1993). These neurotrophins induce neurite outgrowth and rescue
subpopulations of neurons {rom programmed cell death (Glass and Yancopoulos,
1993). In addition to the Trks. neurotrophins all bind to another cell surface
receptor known as p75 or the low-atfinity NGI' receptor, whose physical role

remains to be determined (Barbacid. 1993).

1.3.4 ROR

Ror! and Ror? are two novel developmentally regulated receptor tvrosine kinases
cloned from humans and rats (Masiakowski and Carroll. 1992} Both genes are
highlyv expressed m the rat in the brain and body in curly embryvogenesis.
suggesting a roje m the development of the embryvo. The Ror RTKs are thought 10
be mmvolved i a network of regulatory interactions. including a possible role in
signal transduction pathways and in cell-cell interactions. Rorl and Ror2 contain
one strongly homologous region to the Trk family of verve growth factor
receptors, the tyrosine kinase domain, but becausc of a unique extracellular
region 1t appears they represent a new subfamily of RTKs {Van der Geer ef af.,

1994).

The 937 (Rorl) and 943 (Ror2) amino acid mature reeeptor proteins comprise an
extracellular domain with one immunogiobulin-hke motif. a cysteine rich region
and a kringle domain, a hydrophobic region comprising the transmembrane
domain and a cytoplasmic region with a catalytic kinase domain (Masiakowski
and Carroll, 1992). The Rorl and Ror2 proteins are highly homologous,

displaying an overall amino acid identity of 58 %.

A kringle domain is a cysteine-rich structure thought to participate in protein-
protein interactions (Patthy ef a/,, 1984). Kringle domains have been identified in
multiple copies in certain proteins involved in blood cloiting, (Kanalas and

Makker, 1991; Patthy, 1985), apolipoprotein{a) (McLean et al., 1987) and

-
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hepatocyte growth factor {(Nakamura e/ a/.. 1989: Seki er al, 1991). Kringle
domains have also been found in one muscle-specific RTK. The electric ray
Torpedo californica possesses a krmgle domain in the extracellular domain of the
muscle-spectfic RTK (Jennings ef af.. 1993} This RTK 1s thought to be part of
the family of mammalian MuSKs (muscle-speeilic kinases). but is the only one to

contain this kringle domaim (Valenzuela ef af.. 1993).

The cvtoplasmic catalytic domains of Rorl and Ror2 arc very similar (o the 1rk
Kinase domam. For exampic. the Kinase domains of Rort and Trk are 47 %

wdentical {Masiakowski and Carroll. 1992).

Clomng of Rer/ and Ror? in humans and rats was undertaken using PCR with
degenerate oligonucleotide primers designed to consersed regions of Ik specific
clusters of amino acids. Trk and TrkB sequences were eliminated by treating the
PCR products with restriction enzymes expected to cut these genes. The
remaining fragments were reamplified and cloned. These bacterial colonies were
screened by PCR followed by direct sequencing. a cDNA library was screened

with these fragments and the longest cDNA inserts sequenced.

To verify the enzymatic activity of Rorl and Ror2. /n vitro autophosphorylation
of the immunoprecipitated kinase was undertaken. Data indicated that the protein
kinase activity is specifically associated with the tyrosine kinase domain of Ror2,

but results from Rorl were inconclusive.

To analyse the expression of Ror! and Ror2 in rats, Northern blot analysis was
performed. Both Ror/ and RorZ are highly expressed in the head and body during
early embryonic development with the peak of expression at embryonic day 12.
The level of expression drops drastically at embryonic day 16 and expression
remains very low in adult rats. In contrast expression of kB increases in the later

stages of embryonic development (Klewn ez al., 1990).
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1.4 CLONING ROR IN DROSOPHILA

‘the Drosophila homologue of Ror {Drory was cloned by Wilson er af. (1993) by
screening a late third instar larval brain cDNA librany using a PCR-based
approach. Degenerate oligonucleotide primers designed 1o two conserved regions
in the tyrosine Kinase domain, Resufting clones were subcloned and sequenced.

one of which was designated Dror.

Dror encedes a 685 amino acid mature receptor protein  comprising  an
extracellular domain containing a cyvsteine rich region and a kringle domain. a
hyvdrophobic transmembrane domain and a cvtoplasmie region with a catalvtic
Kinase domain (Wilson e/ a/.. 1993). The Dror receptor demonstrates a 44 94
identity with human Rorl, 40 % identity to human Ror2 and 32 %% identity to
human TrkB. Extensive sequence similarity between the Ror proteins and Dror is
scen throughout the length. However. Dror lacks the immunoglobulin-like
domain found in the extracellular domain of Rorl and Ror2. Dror also lacks the

extensive carboxyl terminus tatl found m Ror] and Ror2.

The tyrosine Kinase domain of Dror shows signiticant similarity to the Rort, Ror2
and Trk proteins of between 53 % and 61 %. A number of the shared amino acids
in this domain are not found in many other RTKs suggesting the occurrence of a
Trk-like superfamily of RTKs. Although Dror demonstrates the highest identity
to Rorl in the tyrosine kinase region (61 %), Dror does not share some of the

features that distinguished the Ror genes from the 7rk genes in this region.

Within the extracellular domain, Dror shares a 36 % identity with Ror! and 34 %
with Ror2, but no significant similarities to the Trk family. Like Rorl and Ror2,
Dror contains a cysteine-rich region and a kringle domain, but within the
cysteine-rich region 1s a unique 55 amino acid lysine-rich insert. When these

three proteins are aligned all 16 cysteines in this region in Ror I and Ror2 have
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equivalent positions in the Dror protein. The immunoglobulin-like domain seen in
Rorl and Ror2 1s not present in Dror. hence the cysteine rich region is positioned

close 1o the amino terminus of Dror.

In situ hybridisation of whole mount embryos was performed to examine the
expression of Dror. There was no expression of Dror in early embryos (Stage 1-
10, 1-8 hours), but was seen at Stages 11 (extended germ-band stage) to Stage 15
(8-12 hours}. Most of the neurons within the brain and ventral cord expressed
Dror, as well as some cells in the head and trunk representing organs of the
peripheral nervous system. No expression of Dror was seen outside the nervous
system suggesting an mmportant role of the Ror proteins in carly neural

differentiation and less important involvement in ncuronal cell survival,

1.5 AIMS OF THIS THESIS

The original aim of the project was o clone the Drosophila melanogaster
homologue of the human Dtk gene. This was to be accomplished by using the
polymerase chain reaction {PCR) with degenerate oligonucleotides derived from

conserved amino acid motifs within the tvrosine kinase domain.

Clones from four novel putative RTKs were isolated, but none were similar to
Dtk. Thus, we were required to change the original aim of this thesis. The new
aim was to characterise the gene for one of the novel RTKs, we subsequently
called Dror2. The specific objectives were to first determine the sequence and
structure of the Dror2 gene. The latter included mapping intron-exon boundaries,
transcription start point and poly A" site. The second objective was to determine
the temporal and spatial pattern of expression of the Dror2 gene. The former
would be accomplished by using both RT-PCR and Northern blots on RNA
isolated from various stages of Drosophila development. The pattern of

expression would be determined by in situ hybridisation.
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2. MATERIALS AND METHODS

2.1 MATERIALS

2.1.1 OLIGONUCLEOTIDE PRIMERS

Oligonucicotide primers are listed i Table 2.1.

2.1.2 BACTERIAL STRAINS, 2 CLONES AND PLASMIDS

Bacterial strans. 2 clones and plasmids use are Disted m Table 2.2.

2.1.3 ENZYMES

2.1.3.1 Restriction Enzvmes

Bamtll, EcoRl, Hind11, Psdl, Sacll (Ssiil), Sall, Xbal. Xhol (AN 20 U/ul).
Asp718, Bell, Neol, Notl, Pvull, Rsal, Smal (All 10 U/ul).

Bsrl (4 U/ul). Spel (3 U/ul), Sphat (5 U/ul).

All from New LEngland Biolabs (NEB) excepl Asp718, Bell and Smal from
Bochringer Manheim (BM). Pvidl and Rsal trom Life Technologies (BRL).

2.1.3.2 Restriction Buffers

BamHI buffer, EcoRI buffer, NEB 2, 3, 4 and Sa/l buffer (all from NEB).
Buffer A, B and H (BM).
React 1 and 6 (BRL).
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Table 2.1 Detailed list of oligonucleotide primers.

All primers supplied by Life Technologies (BRL), except 9474/9476 supplied by
Dr Phil Crosier, Auckland Medical School and pgd3'/pgd3', ZW3/ZW5 from
Scott et al. (1993). Abbreviations are as follows; R=A+ G Y=C+T M=A +
CK=G+T,8=C+0G,W=A+T H=A+C4T.B=C+G+T,D=A+G
+T,V=A+C+G,N=A+C+G+T.

Oligonucleotide Sequence 5'-3' Use
9474 ACCTTAAGWCCMCGGTAGGTGAASTR PCR
0476 ACGAATTCCACCS?SAYYTGGCNGCN PCR
#1DrorA ATGAACAAATACI\:;SGGCATTTATAGT PCR for Dror
#1DrorB TTACATTTCTGGATTACTGGCCTTA PCR for Dror
DOl CACCGNGAYYTGGCNGCNMG PCR
DOIR CKRGCRGCCARRTCNCGRTG PCR
DO2 GGNGCCATCCACTTSAYNGG PCR
DO3 ACDCCRAANGMCCAVACRTC PCR
DO4 GTBTGYGTBGCNGAYTTYGG PCR
DOS GINYGCNINGCYGAYTTCGG PCR
DO6 GATCAACGAGCACATGGCG PCR
DrorAl CATAGGCGCAGAGCATT 5'RACE
DrorB1 CTTCGCACACAGACCCGTAAG SEQUENCING & §'
DrorB2 CGTTTCCAAGCAAAATCCTTGCGA SEQRUJEI(\:IEH\IG
Dror2B3 CCTTAGGGGTGGTTTCCTGTC SEQUENCING
DrorB4 CCTTGCCGCGCATTTAGCAACC SEQUENCING
DrorB5 GGCGGTAGTTAATGTTACTTTAT SEQUENCING
DrorCl GCCGTGGTCACCTGCTCGTTCT 5'RACE
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Oligonucleotide Sequence 5-3' Use
DrorZ! TGAGTCGGATGTGTGGGCATACG 3'RACE
Ditk2 CONTTYATGAAGCAYGGHGA PCR
Dtk3 CATRATYTCCCACATNGTVAC PCR
Eph GSP1 TCTAAAAGCAATGGCTTCC LIBRARY SCREEN
For2 TCATGCTGGAGGTTTCGGAGGTGG SEQUENCING
For3 GATGGTCTCCGGTAACTGGTTCCT SEQUENCING
GSP1 CTCAAGAGAACTTGTTG 5'RACE, LIBRARY
SCREEN
GSP2 GGGATGAAGTCGTTCTICATCG S'RACE &
SEQUENCING
GSP2A CATACACTATATCCCCGCGTGG SEQUENCING
GSP3 CCGCCATGTGCTCGTTGATC 5'RACE
KFPI CCTGGCGTATTCATGCGCTTCT SEQUENCING
KFP2 CACAGCAATTGCGTGGCCCTTAT SEQUENCING
KFP3 GCAGTGCTGCCAGCGCACTGAT SEQUENCING
KFP4 AGACTTACAGCTCACTTCGGAC SEQUENCING
Pgd3’ GTRTGNGCNCCRAARTARTC PCR CONTROL
Pgds' AARATGGTNCAYAAYGGNAT PCR CONTROL
Rev2 GGAGTCCGAAGTGAGCTGTAAGTC SEQUENCING
p49 GSP1 TGACCATCCGCCCAGCATACAG 3'RACE
p49 GSP2 GATCGTGAAGAAGCGCACCAAG 3'RACE
49 GSP3 CAAATGTGTATTCCGACCACGTTAC 3'RACE
Trk GATCAACGAGCATGGCG PCR, 3' RACE,
SEQUENCING
Trk2 GAATACGCCAGGTTGGGTGGAA SEQUENCING
UpP GAGAGAATTCGGATCCTCTAGAG 3'RACE
UP-dT GAGAGAATTCGGATCCTCTAGAGTTTT 3'RACE
ZW3 GCNAARAARAARATHTAYCC 3'RACE CONTROL
ZW5 3'RACE CONTROL

ARRTGRTTYTGCATNACRATC




Table 2.2 Strains, A clones and Plasmids used in this study.

Markus Noll is at the Institut fur Molekular biologie dér Universitit, Ziirich

Switzerland.

Simon Greenwood is at the University of Auckland, New Zealand.

Catherine Day is at Massey University, Palmerston North, New Zealand.

Strain, A clone or | Relevant characteristics/Genotypes Source/Reference
plasmid
Bacterial Strains
Escherichia coli
DHj5a supE44 F ¢80/acZ AMI5 (lacZYA argF) deoR | Hanahan, 1983
hsdR17 (r,my") phoA recAl endAl gyrA96
thi-1 relAl
K802 supE hsdR gal metB Wood, 1966
LE392 supE44 sup¥58 hsdR514 galK2 galT22 mefB1 | Borck et al., 1976
trp55 lacY1
XL-1 Blue supE44 hsdR17 recAl endAl gyrA46 thirelAl | Bullock et al., 1987
lac F'[proAB" lacl® lacZ AM15 Tnl10 (tef')]
A Libraries
AZAPII Drosophila 4-8 hour embryonic cDNA library § Markus Noll
AEMBL4 Drosophila genomic library Markus Noll
Plasmids
pUCI118 3.2 kb derived from pUC18 Amp® Messing, 1983
pGEM T-vector | 3.0 kb derived from pGEMSZE(+) Amp® Promega
pBluescript 3.0 kb derived from pUC19 Amp® Stratagene
pBSKSII(-) 3.0 kb Amp® Stratagene
pBS SK (-) 3.0 kb Amp® Stratagene
pBS SK (-) 3.0 kb Amp" Stratagene
pRP49 640 bp rp49 in pBS KS (-) Simon Greenwood
pHkb 0.6 kb Hkb fragment in pBS SK (-) Simon Greenwood
pRas 1.6 kb Ras fragment in pBS SK (-) Simon Greenwood
pArm 2.5 kb Arm fragment in 9 kb vector (unknown) | Catherine Day
pKFB4 3.6 kb Dror2 fragment in pUC118 This study
pKFBX3 3.3 kb Dror2 fragment in pBS KS (-) This study
Dror 2.0 kb Dror fragment in pGem This study




2.1.3.3 Other enzymes and components

Bovine Serum Albumin (BSA) 100X
Calf Intestinal Phosphatase (CIP) 10 U/l
DNA polymerase [ (Kienow) 5 Uiull
DNase 10 ug/nl.
¢L.ONGase enzyme Ul
pGEM ligase 50 ng/ul
Reverse transeriptase 200 U/ud,
RNase (IDNasce free) 0.5 ng/ul.
RNase 10 ug/ul
T4 DNA Ligase 200 Ufud.
Tag DNA polyvmerase SUipl
Ti1 DNA polymerase 1 Ui,

2.1.4 AGAROSE GEL. DNA STANDARDS

(NEB)
(NEB)
(NEB)
(Sigma)
(BRI
{Promegaj
(BRL)
(BM)
(Sigma)
(BRL)
{NEB)

(Epicentre technologics)

The 1 kb DNA ladder (BRL) was used as the molecular marker for sizing small

fragments of DNA on agarose gels. For sizing larger fragments another molecular

marker was made by digesting Lambda DNA (BRL) with HindlIl and SsAl In

this marker the 4.4 kb band was only visible when heated to 63 °C for 3 minutes.

The 0.24 - 9.5 kb RNA ladder (BRL) was used to estimate the size of single-

stranded RNA on formaldehyde agarose gels.

2.1.5 MOLECULAR BIOLOGY BUFFERS AND SOLUTIONS

2.1.5.1 Buffers

APH (Agqueous prehybridisation/hybridisation) solution

SSC 5X
Denhardt solution 5X

SDS 1 % (wiv)



Add 100 ug/ml. denatured salmon sperm DNA just before use.

Blocking Solution (DIG)

I % Blocking reagent dissolved in Malcic acid buffer.

Denaturation solution
NaCl
NaO11

Denhardt solution (100X) (1 litre)
Ficoll 400
Polvvinvipyrrolidone (PVP)
Bovine serum albumin (BSA)

Detection buffer (DIG) pH 9.5
Iris-HCI
Na(l

Formaldehyde loading buffer
EDTA (pH 8.0)
Bromophenol blue
Xvylene ¢vanol

Glveerol

100 mM
100 mM

| mM
(125 9% (wiv)
0.25 % (w/v)

30 % (viv)

FPH (Formamide prehybridisation/hybridisation) solution

SSC
Denhardt solution

Formamide

SDS

Add 100 pg/mL denatured salmon sperm DNA just before use.
Loading Dye for agarose gels (10X)

Ficoll 400
NaEDTA (pH 8.0)

Bromopheno! blue

LA

X
5X
50 % (v/v)
1 % (w/v)

20% (wiv)
0.1 M
(.25 % (wiv)
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Maleic acid buffer (DIG) pH 7.5
Maleic acid
NaCl

MOPS running buffer (10X)
MOPS (pH 7.0)
Sadium acetate
CDTA

Neutralisation solution pH 7.0
NaCl
Tr1s-Cl

Sequencing TBE (Tris borate) buffer (10X)

Tris base

Boric acid

EDTA (Naj): H.O
SM (Suspension Medium)

Na(l

MgS0,7H;0 (pH 7.5)

Tris-HCl (pH 7.5)

SSC (Sodium Stapdard Citrate) (20X) pH 7.9

Na(l
Sodium citrate

Gelatin

STE (Sodium Tris EDTA) Buffer

Tris-Cl
Na(]
EDTA (pH 8.0)

24

100 mM
150 mM

4.4 mM
25 mM

104G mM
10 mM
30 mM

3M
300 mM
0.01 % (wiv)

10 mM
10 mM
1 mM

TAE (Tris acetate) electrophoresis buffer (50X)

Tris base
Glacial acetic acid

EDTA (pH 8.0)

2M
5.7 % (w/iv)
50 mM



TBE (Tris borate) electrophoresis buffer (10X)

Tris base 500 mM

Borie acid 900 mM

EDTA (pH 8.0) 20 mM
TE (Tris EDTA) buffer (10/1)

Tris-HCH(pl1 7.5) 10 mM

EDTA (pH 8.0} I mM

TNE (Tris EDTA NaCly buffer (10X)

NaCl I M
Iris-HCH(pt! 7.5) OO mM
FDTA (ptl 7.4) 10 mM

Washing buffer (DIG) pH 7.5

Maleic acid TO0 mM
NaC] 130 mM
Tween 20 0.3 % (viv)

2.1.5.2 Other chemicals

DEPC (Diethylpyrocarbonate) treatment of selutions (BDI1)

Add 0.1 % (v/v) DEPC 1o solution, shake vigorously for 2 muinutes. leave
overnight in fumehood. autoclave.

Glycine {Sigma)

Stock solution 20 mg/mL, final concentration 20 pg/ml..

Lysozyme {from chicken egg white) (Sigma)

Stock solution 25 mg/mL, final concentration 3.5 mg/mlL.

Proteinase K (from Tritirachium album) (Sigma)

Stock solution 50 mg/mL stored at -20 °C, tinal concentration 50 ug/mL.
Salmon sperm DNA (Sigma)

Stock solution 10 mg/mlL made according to Sambrook et @l (1989), final

concentration 10 pg/ul..



2.1.6 BACTERIAL GROWTH MEDIA

2.1.6.1 Liguid media

Luria Broth (1.B} (Milfer. 1972)

NZCYM (Sambrook ef af.. 1989)
SORB medium (Dower ef .. 10883
SOC medium (Dower ¢l TORR)
Terrific Broth (1183) {Tartof and Hobbs. 1987}
2. broth (Ausubel et af.. 1997}

2.1.6.2 Solid media

I.B Agar (Milier. 1972)

1.B Agarose {Ausubel ez af.. 1997)
I.B Top Agar {(Ausubet er ol 1997)
Top Agarose (0.7%) {wiv) (Ausubel ef af.. 1997)
TB Top Agarosc {Ausubel er al., 1997)
A agar {Ausubel ¢t al.. 1697)

2.1.7 ANTIBIOTICS AND MEDIA SUPPLEMENTS

2.1.7.1 Antibiotics for selection

Ampicillin

Stock solution 50 mg/mL stored at -20 °C, {inal concentration 50 pg/mL.
Tetracycline

Stock solution 12 mg/ml dissolved in 70 % ethanol, final concentration

wng/mL.

2.1.7.2 LB Agar supplements for selection

IPTG (Isopropyl-1-thio-f3-D-galactoside)

Stock solution 23 mg/ml, final concentration 23 pg/ml.
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X-gal (§~-Bromo-4-chloro-3-indoy!l--D-galactoside)
Stock solution 20 mg/ml dissolved in NN dimethyl formamide. final

concentration 20 pg/ml.,

2.1.7.3 LB Media supplemenis
Overnight cultures of 113920 and K802 were grown in L3 broth containing 10

miM MeSO; and 0.2 % (wv) Maltose,

2.1.8 FLY MEDIA

Cornmeal Agar : 6.4 g agar (Davis). 56 g cormmeat (Healtheries) and 19.2 ¢
dricd veast (NZ Food Industries) were stirred 1ogether with 600 mi. water. The
mixture was then boiled for 2 minutes. Scventy seven g sugar (Chelsea). 2 ¢ p-
hydroxy-benzoic acid methy! ester (Sigma) and 20 mi. of 93 % cthanol were
added and mixed thoroughly. The mixture was then pourced into vials. bottles or

petri dishes as required.

2.1.9 SEQUENCE ANALYSIS AND ALIGNMENTS

Analysis was carried out using the BLAST program from the National Center for
Biotechnology Information (NCBI), FASTA and BLIT7 programs from the
European Bioinformatics Institute (I:BI). Alignments were performed using the
DNAsis program from Hitachi Software Engineering Genetics Systems Group,
the ClustalW program from the European Molecular Biology Laboratory
(EMBL), Seq Vu 1.1 from the Galvan Institute of Medical Research and GeG

Winconsin Package Version 9.0 from Genetics Computer Group, Madison.
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2.2 MIETHODS

2.2.1 PREPARATION OF GENOMIC DNA

To make genomic DNAL Sambrook er af. (1989) (Protocol 47) was {ollowed.

Approximately 300 adult {Ties were used in the method.

2.2.2 PREPARATION OF RNA

Total RNA was originally prepared from Sambrook et af. (1989) (Protocol 49).
Approximaltely 200 adult thes were ground to obtain the required amount 0f RNA.
Subscquently Total RNA was isolated using the TRIzol reagent (Total RNA
Isolation reagent - BRL). This reagent works via a monophasic mixture of phenol
and quanidine isothiocvanate. reducing potential RNase denaturants. Ten to onc
hundred mg of flies werc homogenised in TRIzol and RNA purified according to
the manufacturers protocol.  Resuliing RNA  was  quantified using  a

spectrophotometer {Section 2.2.9.2) at 260 nm.

To coliect embryos, approximately 100 f{lics were placed in a laying chamber on
cornmeal agar food (Section 2.1.8) with veasl paste m the centre of the plate. After
laying overnight at 25 °C, the flies were put onto new plaies and then left for an
hour before the plates were changed. This allowed for the release of any eggs the
females were storing. The flies were then placed on new plates and allowed to lay
for the specified time required. The embryos were collected promptly after this
period had elapsed and homogenised immediately. The 3rd instar larvae and pupae
were collected directly from botties set up with cornmeal agar food, as were the

adult flies.
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2.2.2.2 Isolation of poly A" mRNA

The Oligotex Direct mRNA kit (Qiagen) was utilised to isolate and purify poly
A" mRNA from total RNA. The Oligotex Direct mRNA protocol was followed

and approximately 12.5 ug poly A" RNA was expected to be yielded.

2.2.3 CDNA SYNTHESIS

cDNA was synthesised using 3 uM of a specific primer and 10 ug RNA that was
heated to 70 °C for 10 minutes to denature the RNA. Each reaction was set up
containing 1X Ist Strand Buffer, 10 mM dTT, 0.5 mM dNTPs, 16 U reverse
transcriptase enzyme and sterile H,O added up to 50 ul. The reaction was then
incubated at 37 °C for 2 hours, extracted with phenol:chloroform, precipitated

with ethanol (Section 2.2.4) and resuspended in 50 plL TE.

2.2.4 PHENOL:CHLOROFORM EXTRACTIONS AND ETHANOL

PRECIPITATION

A 1:1 (v/v) mixture of phenol (water saturated, buffered) and chloroform was
added to an equal volume of the DNA solution. The tubes were shaken for 5
minutes then centrifuged for 5 minutes at 13793 x g (13000 rpm) in a Heraeus
benchtop centrifuge. The top layer was pipetted into a fresh tube and an equal
volume of chloroform was added. This was shaken for 5 minutes, centrifuged for

5 minutes and the top layer pipetted into a fresh tube.

One tenth of the volume of 3 M sodium acetate is added as was two volumes (2X
the new volume) of 100 % ethanol. This was mixed by inversion and placed at
-20 °C for 2 hours or -70 °C for 30 minutes. The solution was centrifuged at
maximum speed for 15 minutes, the supernatant decanted and 70 % ethanol
added. This was centrifuged 5 minutes, the supernatant decanted and the pellet
was vacuum dried for 5-10 minutes. The pellet was then resuspended in an

appropriate volume of TE.



30

2.2.5 AGAROSE GEL ELECTROPHORESIS

The DNA was size fractionated on 1.0 % to 1.7 % (w/v) agarose (Seakem le
agarose - FMC) gels in TBE buffer. One tenth volume of loading buffer was
added to each sample prior to loading. The DNA was size fractionated in a BRL
Horizon 58 Minigel box (BRL) at 70 - 90 Volts at room temperature for 1-1.5
hours. Staining of the gel was performed in 0.5 pg/mL Ethidium Bromide (from a
stock solution of 10 mg/mL) for 20 minutes. The bands were then visualised on a

Gel Documentation Alphalmager 2000 system.

DNA fragment sizes were determined using a Hindlll/Sstll A ladder run
alongside the samples. Larger gels were photographed beside a ruler so the
mobility of the DNA could be measured accurately. Molecular weights of the
DNA fragments were obtained using a graph of the molecular weight markers

versus the relative mobility on semi-log paper.

226 PoLYMERASE CHAIN REACTION

Fach reaction was set up containing 0.5 uM MgCl,, 0.2 mM dNTPs, 1X Taq
polymerase buffer and 5 U Taq polymerase (BRL). One reverse and one forward
primer were added at a 0.5 uM concentration. Template DNA was diluted to
approximately 1 ng/uL and sterile water was added to make up a final volume of
20 pL. Degenerate oligonucleotide primers derived from conserved amino acid

motifs within the tyrosine kinase domain of RTKs were used as listed in Table

2.3.

Negative controls containing all the components except the template DNA, were
included in all reactions. A positive control containing primers pgd3' and pgd5'

yielded a product of 807 bp after amplification by PCR.
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The samples were placed directly in a Perkin Elmer Gene Amp PCR System 9600

machine using the following cycling conditions.

Initial Denaturation 94 °C
Annealing 50 °C

5 Extension il

\

|

| Denaturation 94 °C
Annealing e
Extension T2
Final extension I D
Store 4.2

1 minute
1 minute

I minute

30 seconds

45 seconds

45 seconds

5 minutes

X1

X 30

The product was then size fractionated on a 1.7 % agarose gel in TBE buffer.



l1able 2.3 Schematic diagram of primer combinations used in PCR strategy in relation to the kinase domain.

Underlined domains represent conserved regions between RTKs, from which the primers were selected. Arrows denote the primer

direction, numbers denote size between the primers. Numbers underlined represent distance between each conserved region.

LGKEFG | 75 AA | PFMHGDL | 41 AA HRDLAARN 11AA | VCVADFG | 20AA | PVKWIAL | 11AA | SDVWAFG | TMWEIM | 62 AA
Dtkl Dtk2 DOIR/DO1*/9474** DO4 */ DO5 D02/9476 * D03 Dtk3
e 618 bp e

— 375 bp -
% 150 bp <t
2> 200 bp <
—F, 150 bp 2
— 410 bp «—
—>  170bp -
x5 225 bp v 2—
> 200 bp <—
—_ 350 bp <
— 600 bp «—
—y 170 bp e
- 170 bp e

(42
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2.2.7 PURIFICATION OF PCR PRODUCTS

2.2.7.1 Wizard purification method

The Wizard PCR DNA Purification System (Promega) was used 1o purily
fragments from low melting agarose gels. DNA was size fractionated on a 1.7 %
Scaplaque agarose {(FMC Bioproducts) gel in TAE buffer and the fragment
excised. This was heated 1o 70 °C for 10 minutes, or until the gel was meited. The
manutacturers protocol was then followed except for the addition of a 5 minute
walt before adding the elution buffer (in this case TE). This step was added as it
appeared the isopropanol needed time to evaporate, so not to carry isopropanol
through into the eluted fragments. This purification worked sufficiently for larger
fragments (300 bp - 3 kb). but the recovery of DNA dropped dramaticaily for

anvthing smaller than 300 bp.

2.2.7.2 QlAquick purification method

Qiagen purification kits were used to purify DNA fragments obtained as this kit
was efficient with both small and large {ragments (100 bp - 10 kb). The other
advantage this kit had over the Wizard preparation purification method was that
gel extractions could be performed using either standard or fow-melting gels in

cither TRE or TAE.

The Qiagen gel extraction kit was used to purify DNA fragments from agarose
gels. The protocol was followed with an additional | minute centrifugation after
the addition of the wash buffer to remove any residual buffer. The DNA was
eluted in 30 pL. of H,O, then 3.3 pL of 10X TE was added to the eluted fragments.
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If there was one amplification product after PCR, the Qiagen PCR purification kit
was used to purify the fragment. This resulted in the removal of primers,

nucleotides, polymerases and salts from PCR products.

2.2.8 SUBCLONING

2.2.8.1 pGEM T-vector

The pGEM T-vector (Promega) was used for subcloning of PCR products. The
advantage of the pGEM plasmid over other plasmids is that pGEM contains a
single 3' -T overhang at the insertion site. This improves the efficiency of the
system because Tag amplification products have a 3' - A overhang. A 10 ul.
ligation was set up containing T pl. T4 DNA Ligase 10X buffer. I pl. pGEM T-
vector. 1 pul T4 DNA Ligase and 7 ul. insert DNA (between 6-9 ng for a 150 bp
insert and 120 ng for a 2.0 kb msert). [deally the DNA was at a 2-3 fold molar
excess to increase the efficiency of the ligaton. The ligation mixture was

incubated at 18 °C overnight prior to transformation.

2.2.8.2 pUC118 ligations

Fragments from the phage were subcloned into pUCII® to facilitate gene
sequencing. Prior to ligation, 6 ug of pUCT18 was cut with BamHI to linearise the
vector. This was then treated with Calf Intestinal Phosphatase (CIP) by the
addition of 10 U CIP and 5.5 pL CIP buffer to a 50 ul. sample of linearised
pUC118. This was incubated at 37 °C for 1 hour, followed by a 75 °C incubation
for 10 minutes. The CIP treatment was necessary to remove 5' phosphates from the
end so the vector could not religate onto itself. Following this a phenol:chloroform
extraction and chloroform purification was undertaken as described in Section

2.2.4. The sample was ethanol precipitated and resuspended at 0.05 pg/uL.
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After confirmation of DNA concentration on an analytical gel, the vector was
ready for the ligation. The DNA to be inserted was cut with BamHI and gel
purificd using the QIAquick gel extraction kit and quantified on an analytical gel.
Upon establishing the concentration of the vector and insert, a ligation was

-4

prepared using 150 ng pUCHIE, 2 ul. ligase butter, | pl. ligase, 500 ng of a 4.0 kb

insert (2-3 fold molar excess) and H,O up to 20 ul.. This was incubated at 18 °C

overnight.

2.2.9 DETERMINATION OF DNA CONCENTRATION

2.2.9.1 Determination by comparison with a Lambda ladder

A molecular weight ladder was size {ractionated afongside an unknown amount of
DNA. The DNA was guantified by comparison of the intensities of the ladder

bands compared to the sampled DNA and an cstimation made.

2.2.9.2 Spectrophotometric Determination

Concentration of the DNA was also determined by measuring the ultraviolet
absorption of a sample of the DNA at 260 nm. From the analytical gel the dilution
necessary to obtain an accurate measurement could be established. In calculating
the concentration the parameters of 1Eyqq = 50 ng/mlL DNA and 1B, = 40 pe/mi.
RNA were used.

2.2.9.3 Fluorometer Determination

For measuring DNA samples between 100 ng/mL and 2000 ng/mL a dye solution
was prepared fresh daily. This solution contained 1.0 pg/mi. Hoechst 33258
solution and 1X TNE. The fluorometer was blanked using 2 mL of the working
dye solution, and calibrated using 2 pl. of a 100 pg/mL Calf Thymus DNA stock.

Upon repeating the calibration of the fluorometer to check for reproducibility, the
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DNA concentration was measured using 2 pl. of sample DNA and 2 mL of
working dve solution. If the reading was above the given parameters for accurate
measurement of the DNA concentration (above 1000 on the fluorometer), the

DNA was diluted as necessary.

2.2.10 TRANSFORMATIONS

2.2.10.1 DH3« cells

Transformations of DI5a were carried out using the Standard Transformation
Protocol of Hanahan (1983). The protocol was followed cxactly resulting in an

average transformation efficiency of 1.0 x 10° colonies/ug pUC118 transformed.

LB Amp/IPTG/X-gal plates (Section 2.1.7.2) were used to utilise the blue/white
screening of X-gal, the white colonies being the wransformants. A control in which
no DNA was added was also transformed to monitor contamination of the cells or
components used in the protocol. For each transformation 2 ng of ligated DNA
was added and 100 ul of each was spread onto one plate. To concentrate the rest
of the cells the tubes of cells were centrifuged to pellet the remaining cells. Fight
hundred ul. of the supernatant was discarded and the remaining 100 pl was used
to resuspend the pellet. This was then spread onto another plate. Ten pg of the
pUCI118 control plasmid was used to establish the transformation efficiency, 100
HL was spread onto a plate, as was 100 ul. of a 1/10 ditution. The reason for this

was to get an accurate quantification of the transformation efficiency.

2.2.10.2 Competent DH5x cells

To increase the efficiency of transformation, MAX Efficiency DH5a Competent
Cells (BRL) were utilised. Instead of using the specified 100 pl of competent cells

per transformation half this amount was used, as this amount was sufficient. Ten
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pg of the supplied pUC19 control plasmid was used to establish transformation
elficiency. Two ng of DNA from each ligation was used per transformation and
the protocol was followed adjusting the amount of SOC according to the volume
of ¢ells used. Each transformation was plated as described in the above protocol
and left overnight at 37 °C. The average cfficiency of transformation was 1 x 10°

tras formams/pg pUC19.

2.2.11 PREPARATION OF PLASMID DNA

2.2.11.1 Alkaline lysis mini preparation method

The alkaline lysis mini preparation method described in Ausubel er al. (1997)
(Unit 1.6} was followed and resulting DNA was resuspended m 30 pl. TE. After
the DNA was 1solated. a restriction digest was performed as described in Section

2212,

2.2.11.2 Modified alkaline lysis method

The meodified alkaline lysis and PEG precipitation procedure from Applied
Biosystems Inc. {User Bulletin 18, October 1991) was followed to obtain pure
cnough DNA to sequence with their kit. The procedure was followed exactly and
resulting DNA was quantified on a fluorometer (Section 2.2.9.3) and restriction

digests performed to check purity of the DNA.

2.2.11.3 Quantum plasmid miniprep kit

The Quantum plasmid miniprep kit (Biorad) was followed to obtain pure DNA for
automated sequencing. This method was efficient and the amount of DNA yielded

was high.
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2.2.12 RESTRICTION ENDONUCLEASE DIGESTS OF DNA

Restriction digests of DNA using restriction endonucleases were carried out

according to manufacturers' guidelines using the following parameters:

e The DNA concentration was between 200 ng and 10 pg.

e Three units of enzyme were used for every ng of DNA and the final volume
was at least 1OX the volume of the enzyme, to keep glveerol concentration
below one tenth,

e RNase (DNase free) was added at a final concentration of 0.5 ng/ul.. to destroy
any RNA 1n the digest.

* 10X BSA concentration was added to the digest if recommended for the
cnzyme.

The ume of digest was usually 3 hours at 37 °C unless otherwise specified by the

manufacturer. Digested DNA was size fractionated on an analytical gel to check

the digest was complete.

2.2.13 SEQUENCING

2.2.13.1 Manual sequencing

DNA was sequenced using the Perkin Elmer AmpliCycle sequencing kit. Each
reaction contained 100 fmol template, 1X cycling mix, 4 uM primer, 2 uCi o”°P-
dCTP (Amersham Life Science) and H,0 to 6 pl.. The samples were placed in a
Perkin Elmer Gene Amp PCR 9600 machine preheated to 95 °C. Cycling

conditions that were used is on the following page.

After thermal cycling, 4 pl. of stop solution was added to each reaction, each
reaction was denatured and loaded onto a 6 % polyacrylamide gel (7 M urea). The

gel was prepared as specified in the AmpliCycle sequencing manual from a long
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ranger gel mix (FMC Bioproducts). One times sequencing TBE was used as the
running buffer and the gel was pre-run at 65 W for 30 minutes. Three pl. of each
reaction was loaded and electrophoresis was performed at 65 W for 90 - 120
minutes for a short run and 210 - 240 minutes {or a long run. For the longer runs
two copies of the sample were loaded, one at the start and one 120 minutes into the

un.

Initial Denaturation 04 °( I minute

Denaturation 94 °C 30 seconds
Anncaling 65 °C 30 seconds X 25
LExtension 72 °C ] minute

Final extension 72 °C 1 minute

Cool 4°C Up to 45 minutes

The gel was then dried onto 3MM paper at 80 °C and exposed against
autoradiography film at room temperature from between [ and 3 days. The

resulting {ilm was then manually checked and analysed.

2.2.13.2 Automated sequencing

Sequencing of the phage clone isolated was undertaken by the Waikato University
sequencing facility and by the Massey University DNA analysis service. Primers
were made to known sequences of the clone as well as using the pUC/M13
Forward and Reverse primers. Sufficient reactions were carried out until the entire

Dror2 gene had been sequenced from both directions. In all instances, double
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stranded DNA was supplied at 200 ng/ul. PCR products at 20 ng/uL, A DNA at ]
ue/ul and the primers at 0.8 pmol/ul.. The sequences were run on a ABI prism
377 DNA sequencing machine and resulting sequences and electropherograms

analysed.

2.2.14 LARGE SCALE DNA PREPARATIONS

2.2.14.1 l.arge scale CsCl, preparation of bacterial genomic DNA

This method was adapted from Sambrook er a/. (1989) (Units 1.38, 1.42, 1.46)
using a Caesium Chloride, Ethidium Bromide gradient. The final pellet was
resuspended in 500 L. TE and quantified on a {luorometer and on an analytical gel
to check the quality of DNA vielded. Restriction digests were then carried out on

the DNA to check the purity of the DNA.

2.2.14.2 Qiagen Plasmid Maxi Preparation

The Qiagen Plasmid Maxi 500 kit was utilised in the large scale preparation of
DNA. The protocol was followed according 1o manufacturers instructions. A vield

of approximately 300 - 500 ug was achieved.

2.2.15 5'RACE

5'RACE (Frohman ef al., 1988) was attempted using the 5' RACE system for rapid
amplification of c¢cDNA ends instruction manual, Version 2.0 (BRL). The
manufacturer protocols were followed exactly except that Tag polymerase was

replaced by the eLONGase enzyme mix (BRL).

The samples were placed directly in a Perkin Elmer Gene Amp PCR System 9600
machine. The first round of PCR had the following cycling protocol:



inttial Denaturation 04 °C 43 sceonds

Anncaling 55 °C P minutc X1
Fxtension 68 °C 2 minutes

Denaturation 94 °C 30 seconds

Anncaling 33 °C 15 seconds - X 30
Fxtension OR °C 2 minutes

Final extension 68 °C 5 minutes

Store 4°C

The second round of PCR was 1dentical. except the extension time of the 30 cycles
was decreased 1o 1.5 minutes. Following the two rounds of svnthesis 10 ul. of cach

sample was s1ze [ractionated ona 1.7 % Agarose gel in TBL.

2.2.16 3'RACE

¢DNAs tor 3" RACE were made using the oligo (d'1)-UP primer and using total
RNA preparations of different stages of development. The synthesis of cDNA was
identical to Section 2.2.3. A control PCR reaction was run to check the cDNA
synthesis using two primers that amplified a speciflic region of m49 DNA
(O’Connell and Rosbash, 1984). In all reactions a negative control was added to

check for contamination in any of the components.

The PCR reactions were carried out using the eLONGase enzyme (BRL). Two
cocktails were made. Mix number 1 consisted of 400 aM Primer 1 and 2, 200 pM
of each dNTP, template DNA, DEPC (Diethyl pyrocarbonate) treated H,O up to 20
pL. Mix number 2 consisted of 4 uLL Buffer A, 6 pL Buffer B (to give a final Mg**
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of 1.6 mM), 2 U eL.ONGase enzyme, DEPC treated H,O up to 30 pL. The two
cocktails were then mixed thoroughly. to give a final volume of 50 plL per

reaction.

The samples were placed directly in a Perkin Elmer Gene Amp PCR System 9600

machine. The following cyeling conditions were used:

Initial Denaturation 94 °C 30 seconds

Annealing 55 °C [ minute X1

Extension 68 °C 3 minules !

Denaturation 94 °C 30 seconds

Annealing 55°C 435 seconds - X 30
i

Extension 68 °C 3 minutes :

Final extension 68 °C 3 minutes

Store 4 °C

Between the two rounds of PCR, 5 uL. of the reaction was diluted in 495 ul, DEPC
treated water, and 1 pL of each sample was used for the second round of PCR. The
second round of PCR followed the same conditions as the first round, except the
extension time was lowered to 2 minutes for the 30 cycles. A control 3' RACE
reaction was carried out to check the conditions of the reactions using the rp49
primers again. Following the two rounds of synthesis 10 pl. of each sample was

size fractionated on a 1.7 % Agarose gel in TBE.
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2.2.17 LIBRARY SCREENING

To calculate the titre of the 2ZAPI and 2AEMBL4 libraries, Ausubel ef a/. (1997)
(Unmit 1.11) was followed. A culture of £ coli (X1.-1 for »ZAPIl. K802 for
ALEMBLA) was arown to saturation with supplements added as in Section 2.1.7.3.
The Iibrary was plated out using serial dilutions and resulting plagues counted to

quantitate the titre of cach library.

Bacteriophage were plated onto agar plates at high density of 20,000 to 30.000 pfu
per plate as described in Ausubel ez al. (1997) (Unit 6.1). so the primary screen of
the ptaques could be carrted out. All screening was done in duplicate (two filters
per plate) 1o eliminate most false positives. The agar plates used were 150 mm in
diameter. thercfore 7 ml. of Top Agarose was needed per plate. Once the plagues
had grown. they were transferred to nylon Hybond-N filters (Amersham Life
Science), denatured, baked (see Section 2.2.18) and stored until needed. The filters
were prehyvbridised, hybridised and washed using the same procedure as used in
Southern Blots (see Section 2.2.18). The hybridisation was carricd out in a glass
dish in a 65 °C shaking water bath. The probe used was the subcloned 200 bp PCR
fragment of Trk sequenced previously. This was done by linearising both inserts
using SsAl for Trk and Pstfl for Eph then performing a phenol:chloroform
extraction and ethanol precipitation on each (Section 2.2.4). The probe DNA was
added to a reaction containing GSP1 primer for Trk and Eph GSP1 primer for Eph
and radioactively labelled (Section 2.2.18). The autoradiographs were left at -70

°C for between 1 and 7 days depending on the strength of the signal.

Upon obtaining positive plaques each region containing the positive plaques was
excised as explained in Ausubel er al. (1997) (Unit 6.5). The phage titre was

determined as described above. Seven hundred and fifty pfu were added per 82
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mm diameter plate for the secondary screen of the positive clones. The secondary
screen was carried out using the same conditions as (o the primary screen. Well
isolaied posttive plaques were excised and stored in 1 ml. SM plus | drop of
chloroform at 4 °C. These positive plagues were then titred again to determince the

amount of phage'ml. of SM.

22171 2 DNA preparation number |

# phage DNA was originally prepared using an adapted plate lysate method from
Sambrook ef af. (1989). 1.3 broth was supplemented with solutions in Section
2.1.7.3. inoculated with a single bacterial colony of K802 and incubated at 37 °C
overnight. One hundred pl. of this overnight culture was added to 100 ul. of titred
phage 1o give to give 107 pfu of phage per 88 mm LB agarose plate. The plates
were feft at 37 °C until confluent lysis oceurred (usually about 8 hours). The plates
were cooled to 4 °C. overfaid with 5 mL of SM buffer and lefi at 4 °C overnight.
The buffer was collected and centrifuged for 10 minutes at 4 °C at 4500 x g {in a
GSA rotor) 1o remove celiular debris. The resulting lysate was transferred to a

fresh tube and stored at 4 °C until required.

DNase and RNase were added to the lysate at a final concentration of 1 pg/mL and
incubated at 37 °C for 30 minutes. The phage were precipitated with an equal
volume of PEG solution (20 % (w/v) PEG 6000, 2 M NaCl in SM buffer) and
incubated on ice for at least 2 hours to precipitate the phage. The phage were
peileted at 8800 x g for 30 minutes at 4 °C, supernatant decanted off and the peliet
resuspended in 0.5 mL of SM buffer. Added to this was 0.1 % SDS and 5 mM

EDTA and the solution was incubated at 68 °C for 15 minutes.

A phenol:chloroform extraction was performed, the DNA was precipitated by the

addition of an equal volume of isopropanol and incubated at -70 °C for 20 minutes.
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The DNA was pelleted by a 5 minute centrifugation, washed in 70 % ethanol,
dried under vacuum and resuspended in TE. Resulting DNA was quantified on a
fluorometer and checked in restriction digests 1o analvse similarities between the A

DNA clones.

2.2.17.2 % DNA preparation number 2

A phage DNA was prepared using an adapted liquid lysate method from Ausubel
et al. (1997). LB broth was supplemented with solutions in Section 2.2.7.3
inoculated with a single bacterial colony of LIE392 and incubated at 37 °C
overnight. One hundred ull of this culture was added to 100 pLL of titred phage 10
give 10° phage/100 pl. and incubated at 37 °C for 30 minutes. The phage mixture
was transferred to 50 ml. of NZCYM and vigourously shaken at 37 °C until
confluent lysis occurred. Confluent lysis is indicated by the culture clearing and
cell debris appearing in the mixture. A few drops of chloroform were added 10 lyse
any remaining cells and the culture was shaken for another 10 minutes. The culture
was harvested by centrifugation at 17,000 x g (in a GSA rotor) for 10 minutes, the

lysate transferred to a fresh tube and stored at 4 °C until required.

DNase and RNase were added to the liquid lysate at a final concentration of 10
pe/ml and immediately incubated at 37 °C for 30 minutes. NaCl (to 0.5 M) and
PEG 6000 (to 10 % (w/v)) were added and incubated on ice for 1 hour to
precipitate the phage. The phage were pelleted at 4080 x g (in benchtop centrifuge)
for 10 minutes at 4 °C, supernatant decanted off and the pellet resuspended in 1
mL of SM buffer. This solution was transferred into an eppendorf tube and
centrifuged for 10 minutes at maximum speed (in a benchtop microcentrifuge) to
pellet any remaining bacterial debris. The supernatant was transferred to a fresh
eppendorf and proteinase K was added (to 0.1 mg/mL final) and incubated at 37

°C for 30 minutes.



46

A phenol:chloroform extraction was performed, vortexed for 20 minutes on an
eppendorf platform and centrifuged for $ minutes at maximum speed in a benchtop
microcentrifuge. The phenolichloroform extractions were repeated, followed by a
chloroform extraction, the DNA was cthanol precipitated and resulting DNA
resuspended in TE. Resulting DNA was then quantified on a fluorometer and

checked morestriction digests to analvse similarities between the A DNA clones.

2.2.17.3 Qiagen 2 DNA midi preparations

The Mini preparation of 2 DNA kit (Qiagen) was also used to prepare A DNA. The
preparation was followed exactly. except that afier the addition of L3 buffer at
Step 4 proteinase K was added to a final concentration of 0.2 mg/mL and
mcubated for 30 minutes at 55 “C. A 10 minute incubation at room temperature

after the addition of isopropanol was added to facilitate precipitation of the DNA.

2.2.18 SOUTHERN BLOTS

The Southern Blotting protocol from Ausubel er al. (1997) (Unit 2.9.2) was
followed exactly. A Sartolon Blotting Membrane (Sartorius) nylon filter was used.
The Whauman 3MM filter paper wick method was performed instead of the sponge
method, and the blot was left overnight. The following day the well positions were
marked, ortentation identified and the blot was rinsed in 2X SSC and allowed to
dry. The blot was then sealed within 3MM filter paper and baked under vacuum
for 2 hours at 80 °C. Following this the blot was wrapped in gladwrap and UV
crosslinked for 1 minute with the DNA side down on the transilluminator and then

stored at room temperature until needed.

Hybridisation was carried out using a radioactive probe as described in Ausubel ef
al. (1997) (Unit 2.10.2). Prehybridisation of the blot was at 65 °C in hybridisation
tubes containing 50 mL of APH (Aqueous prehybrdisation/hybridisation) solution
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for 3 hours in a rotating hybridisation oven. Labelling of the probe was performed
by using random oligonucleotide-primed synthesis as described in Ausubel er af.
(1997) (Unit 3.3.9). Imach reacuon contained 54 ng DNA, 50 uM 3 dNTPs (no
dCTP). I1X DNA polymerase 1 (Klenow) bulfer, 0.2 U/ul. DNA polymerase |
(Klenow). 0.4 aM primer, 50 puCi Ja-""P} dCTP 3000 Ci/mmol (Amersham Life
Scienee) and H>O up to 50 pll. The DNA Jabelling reaction was incubated for 1
hour at 37 “C before being puritied using ProbeQuant G-30 Micro Columns
(Pharmacia Biotech). These columns are designed for removing unincorporated
nucleotides 1 the labelling reaction. ‘The labelled probe was celuted from the G30
spin column. botled for 5 minutes and subsequently placed on ice for 5 minutes.
Following this. the labelled probe was added to between 3 and 10 mls of APH
solutton m the hybndisation wbel then incubated at 65 °C in a rotating

hvbridisation oven overnight.

The following day the washes were undertaken as described in Ausubel et al.
{1997y (Unit 2.10.3), these washes were altered slightly as shown below.

1. Two 3 minutes washes in 2X SSC/0.1 % {(w/v) SDS at room temperature.

=

Two 5 minute washes in 1 X S5C/0.1 % (w/v) SDS at room temperature.
3. Two 15 minute washes in 1X SSC/0.1 % (w/v) SDS at 65 °C (high stringency

washes). The 1X SSC/0.1 % (wiv) was preheated to 65 °C before use.

NN

. Rinse in 2X SSC at room temperature, then blot off excess liquid and cover in

gladwrap.

As all the Southern Blots undertaken had strong signals, the autoradiograph was
left at - 80 °C for between 1 -16 hours, thawed out and developed according to

Kodak.



48

2.2.19 NORTHERN BLOTS

The ?iorlhcm Hybridisation protocol described in Ausubel ez af. (1997) (Unit 4.9}
was followed. Iixtra precautions were taken to prevent degradation due to
contamination with RNase. The equipment used to run the gel. blotting equipment
and hvbridisation tubes were cleaned with DEPC treated waler and sterilised for 6
hours at 180 ~“C. Gloves were used at all stages 1o prevent contamination with

RNase present on hands.

The solutons making up the agarose gel were doubled as the gel apparatus used
was a Biorad DNA subcell. Fach sample contained 10 pg of total RNA or 2.5 pg
of polv A° RNA and alongside the samples was 3 pg of the 0.24 - 9.5 kb RNA
Jadder (BRI, The gel was size fractionated at 100V for 4 hours. The ladder was
excised and stained overnight in 0.5 M Ammonium Acclate containing 0.5 ug/ul.
F-thidium Bromide, then destained. The gel was placed in deionised water for 3
minutes. The blot was set up as specified again using the Whatman 3MM filter
paper wick method and feft overnight to transfer. The membranc was rinsed, dried

and cross-linked as described 1n Section 2.2.18.

2.2.19.1 Labelling a double stranded DNA radioactive probe

Hybridisation analvsis was inttally cammed out using a double stranded DNA
radioactive probe as described in Ausubel ¢ af. (1997) (Unit 2.10.2.).
Prehybridisation of the blot was at 42 °C in hybridisation tubes containing 50 mL
of FPH (Formamide prehybridisation/hybridisation) solution for 3 hours in a

rotating hybridisation oven.

Labelling of the probe was done using the Ready-To-Go DNA labelling kit

(Pharmacia Biotech). Each labelling mix contained the 20 ul. reaction mix, 50 ng
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denatured DNA, 50 nCi {a-""P] dCTP (Amersham Life Science) and H,O up to 50
pl.. The labelling nux was incubated for 1 hour at 37 “C before being purified
using ProbeQuant G-30 Micro Columns (Pharmacia Biotech), as described in
Scection 2.2.18. IF'ollowing this the labelled probe was added to between 5 and 10
mi.s of FPH solution in the hybridisation tube and incubated 42 °C in a rotating

hyvbridisation oven ovenmght.

The tollowing dav the washes were undertaken as described m Ausubel ef al.
(1997} (Unit 4.9.7). these washes were altered slightly as shown below,

L. Two 5 minutes washes in 2X SSC/0.7 % (wiv) SIS at room temperature.

-

Two 3 minute washes in 1X SSC/0.1 % (wiv) SIS at room temperature.

i

One 15 minute wash in 1X SSC/0.1 % (wiv) SDS at 63 °C (high stringency

wash). The 1X SSCA0.T % (wiv) was preheated to 63 7C betore use.

4. One 13 minute wash in 0.5 SS5C/0.1 % (wiv} SDS at 65 °C (high stringency
wash). The 0.3X SSC/0.1 % (wiv)y was preheated 10 63 °C before use.

5. Rinse 1n 2X SSC at room temperature. then blot off excess liquid and cover in

gladwrap.

Exposures were [rom between 1 day and 3 weeks at - 80 °C and developed

according to Kodak.

2.2.19.2 Labelling a single stranded RNA probe using DIG

DIG labelled RNA probes were constructed as in Section 2.2.20.2 and
hybridisation was performed at 58 °C in a rotating hybridisation oven. Washes
were identical to Section 2.2.20.1. However, detection followed the protocol for
detection of chemiluminescence detection described in the DIG System User’s

Guide for Filter Hybridisation (BM, 1995).
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2.2.19.3 Labelling two single stranded DNA radioactive probes

1o make single stranded DNA probes. plasmid KFB4 was digested separately with
Bamll and Xhal restriction enzymes. The digested DNA was phenol:chloroform
extracted. ethanol precipitated and resuspended in an appropriate volume of TE,
Two reactrons were set up cach containing 50 ng of cut DNA and 0.4 uM primer.
The BamHU digested DNA was radiolabelied with S0 uCi [a=""P] dCTP using the
KEP4 primer and the Xbal digested DNA radiolabelled using the KFP3 primer.
Both these Jabelled probes were added to the same hybridisation reaction to
increase spectiicity 1o the biot. All steps afler the labelling step were identical to

Section 2.2.19.1.

2.2.20 IN SITUHYBRIDISATION

2.2.20.1 Insinehvbridisation using DG labelled DNA probes

Whole mount /n sinie hybridisation to Drosophila embryos were carried out using a
modified Tautz and Pfeifle (1989) protocol supplied by Dr Simon Greenwood,
University of Auckland. Labelling of the probe was accomplished using the DIG

High prime kit (BM).

The probes were checked by Southern Analysis by digesting pKFB4 with
BamHl/Pstl, and pHkb with Sall/Xbal, size fractionated on an agarose gel and
transferred to a nylon membrane. The blot was hybridised with the DIG labelied
probe overnight at 42 °C in hybridisation buffer. Washes were carried out as
described and then colorimetric detection with NBT and BCIP as described in the
DIG System User’s Guide for Filter Hybridisation (BM, 1995).
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2.2.20.2 In situ hybridisation using DIG labelled RNA probes

In sitw hybridisation using DIG labelled RNA probes were carried out using a
modified lJiang er af. (1991) protocol suppliecd by Dr Simon Greenwood,
University of Auckland. Labelling of the probe was undertaken using the DIG
RNA Labelling Kit (BM). Prior to this. the DNA was cut using a restriction
endonuclease. purthied by phenol:chlorolorm extraction (Scetion 2.2.4). foliowed

by an ethanol precipitanon.
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3. RESULTS

3.1 PREPARATION OF CDNA AND GENOMIC DNA

1
Three different DNA preparations were utilised as templates for PCR.

3.1.1 EMBRYO CDNA AND ADULT CDNA

Adult ¢DNA was synthesised front RNA isolated from adult flies by following
Section 2.2.3. using 10 pg of RNA and the oligo (dT) primer (BRI.). This method
of RNA 1solation worked well for adult f{lics. but not for any other stage of
development, therefore a new protocol was utilised w isolate RNA from embryvos.
Jombryos 3-6 hours old were collected and RNA 1solated wsing TRIzol reagent
following Section 2.2.2.1. Embryo ¢DNA was synthesised using the same

procedure to adult cDNA synthesis.

3.1.2 GENOMIC DNA

Genomic DNA was prepared. following Section 2.2.1. The DNA was at a final

concentration of 0.2 pe/upl..

3.2 AMPLIFICATION OF RTK FRAGMENTS FROM

DROSOPHILA

3.2.1 PRIMARY PCR

In the primary PCR, combinations of primers (see Table 2.3) were amplified to
yield products 150 - 620 bp as indicated. The primary PCR was size fractionated

ona 1.7 % Agarose gel in TBE using 10uL of each sample as shown in Figure 3.1.
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Figure 3. 1 Primary PCR product of a 200 bp fragment resulting from
genomic DNA, embryo ¢DNA and adult cDNA templates using DO1 and DO3

oligonucleotide primers.

Lane 1: 1 kb ladder, lane 2: genomic DNA, lanc 3: embryvo cDNA, lane 4: adult
c[DNA. lane 5: no DNA control,
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Figure 3. 2 Secondary PCR product of a 200 bp fragment resulting from
genomic DNA, embryo ¢DNA and adult cDNA templates using DO1/DO3.

Lane 1: 1 kb ladder, lane 2: reamplified genomic DNA, lane 3: reamplified embryo
cDNA, lanc 4: recamplified adult cDNA, lane 5: no DNA control.
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3.2.2 PURIEICATION OF PRIMARY PCR PRODUCTS

The Wizard PCR DNA Purtfication System {(Section 2.2.7.1) was initially used 10
purify the PCR products obtained. After vielding no DNA {rom this method. it was
discovered that recovery of DNA less than 300 bp in size was minimal. As the
magority of fragments were Jess than 300 bp. a new purification method was

neaeded.

The Qiagen purification kits (Scction 2.2.7.2) were used (o purify the PCR
products. Iror PCR reactions that vickded one clean fragment. the PCR purification
Rit was used to remove primers. nucleotides, polymerases and salts. The resulting
Iragment was then reamphified as explained in Scction 2.2.3. T'or PCR reactions
that viclded more than one fragment. the required fragment was excised from the
gel and purified using the gel extraction kit. The resulting purified fragment was

then reamplified as described below.,

3.2.3 SECONDARY PCR

After purifying the required fragments. a sccond round of PCR was performed. For
cach reaction 1 . of purified template was added. using the same primers as for
the primary PCR reaction. An aliquot (4-10 pl) of the secondary PCR products
was resolved on a 1.7 % agarose gel as shown in Figure 3.2, The remainder of the
samples were desalted (Section 2.2.7.2) and directly added to the ligation reactions

{see below).
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3.3 CLONING AND SEQUENCING OF RTK FRAGMENTS

3.3.1 CLONING FRAGMENTS INTO THE PGEM VECTOR

Upon obtaining fragments of miterest. cach fragment was ligated with the pGEM
T-vector (Section 2.2.8.1) at 18 “C overnight. The higated vectors were
ransiormed nto DS cells using the standard transtormation protocol (Section
2.2.00.0. However. since only a few colonies were obtained. the transformation
was repeated using MAX Ifficieney DH3 o Competent Cells (Section 2.2.10.2).
Plasmid DNA was isolated from overnight growths of white colonies and analysed
by digestion with resuiction enzaymes which flank the cloning site (usually Ssell

and sl

3.3.2 MANUAL SEQUENCING AND ANALYSIS OF SEQUENCES

In total. plasmid DNA was isolated from 133 clones. The subcloned {ragments
were obtained from a number of diflerent PCR reactions which utilised a variety of
primcr combinations. For a detailed tabie of these clones see Appendix. All of the
plasmid DNA from these clones was manually sequenced (Section 2.2.13.1) using
the M13 forward primer supplicd with the Amplicvele sequencing kit Usually a
short run was all that was required to obtain 230 bp clear sequence, but for longer
fragments a long run was required 10 obtain approximately 500 bp of clear

scquence,

The sequence of each clone was entered into the BLAST scquence similarity
search program to determine if 1t corresponded to any known genes. If no
sunilarity to any genes was found another run using the M13 reverse primer was
undertaken, 1o obtain accurate sequence from sequencing in both directions. The

improved sequence was then used for a BLAST search. If no similar genes were
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identified. the amino acid sequence was deduced and entered in the FASTA

similarity search., This scarch revealed the 30 ¢loscst protein sequences and from

this evidence selected genes were followed further. A summary of the genes
“3

sequenced 15 shown in Table 3,10 the numbers represent the number of clones

sequenced per gene.

In all. fragments of 4 possible new genes were isolated from three different
template DNAs {see Figure 3.3) The possible ik gene and Tiph gencs werc

chosen for turther investigation.

J3.3.3 LARGE SCALE PREPARATION OF CLONED FRAGMENT

A large scale preparation of the 200 bp Trk fragment in pGEM was performed
resulting in 0.67 ug/ul. of DNA by guantitating it on a spectrophotometer. The
large scale preparation of the 200 bp Eph fragment vielded 2.50 pg/ul. of DNA.
The quality of DNA was examined by digesting 1 pg of cach DNA with Psd and
Sse1l {enzymes flanking the cloning site in pGizM) and checking it on an analytical

cl.

=]

3.3.4 PCR FOR CDNA CLONES QF TRK

Unlike Eph. the Trk fragment was only obtamned {from the PCR reaction which
used genomic DNA as a template. Therefore, in order to determine if the putative
Trk gene was expressed in either adults or embryos, PCR reactions were carried
out using primers specific to the Trk gene and embryo or aduit cDNA templates
(Figure 3.4). Cycling times and temperatures were identical to Section 2.2.6,
except the annealing temperature was raised to 52 °C. The results indicate that the

putative Trk gene was expressed in both adults and embryos.



Table 3.1 Summary of genes obtained from sequencing cloned fragmeuts.

I Genes Primers mo Adult | Genomic | TOTALS
¢DNA | ¢cDNA | DNA
Non RTKs | DOUDO3 19 16 26 61
DO DK 3 0 9 12
[| DOTR/DK] 2 0 0 >
DO3/DIK2 0 0 2 2
DOLDO3 | TR !
—1):;.\'09}’.:.55;1'}{5 q——_“ ....... M ' | - 1
Derc28C DOIDOY |3 L1 o 1
r PXO1INKS i: 3 0 1| 0 3
LDk |7 TR R 7
POIDO3 | 2 0 0 2
" hopscotch DOVDO3 | 0 > o >
Prosophila RTKs
D-FGF DO1/DO2 2 0 2 E!
D-ror NO1/DO3 0| 0 i
T Deret DO1/DO3 0 | 0 ]
New oenes 5
FAK-like DOTNHO3 2 4 1 7
OA/DO3 0 5 0 5
Srklike | DOIDO3 1 0 2 0 2
Trk-like DO1/DO3 0 0 ] 1
Eph-like DO1/DO3 2 2 0 4
D04/DO3 0 2 0 2
Problem DO1/DO3 3 0 0 3
sequences DO1/Dtk3 1 0 0 1
{unable to Dtk 1/Dtk3 3 1 1 5
sequence) DO4/DO3 1 0 0 1
TOTALS 54 37 42 133
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Figure 3. 3 Template DNA used to isclate four new putative tyrosine kinase

genes from Drosophila.
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Figure 3. 4 PCR products resulting from genomic DNA, embryo ¢DNA and
adult cDNA templates using Trk/GSP1 primers.

Lane 1: 1 kb iadder. lane 2: genomic DNA, lane 3: embryo ¢cDNA, lane 4: adult

¢cDNA, lane 5: no DNA control.



bp

3,054 {

2,036 A
1,636 -

1,018 { &

506, 517 4

396 -

344
298

220,201 -
154,134

64



65

3.4 LIBRARY SCREENING

3.4.1 CONSTRUCTING THE PROBES

To screen the ¢DNA and genomic libraries. probes were constructed using the
sequenced Trk and Eph fragments (Sceuon 2.2.17). A Southern Blot was
performed o cheek for probe spectficity. using the Eph and Trk iragments (in
pGEM cut either side of the cloning site) as the DNAL The probes as hyvbridised

strongly 1o their respective 200 bp fragments as expected.

342 SCREENING A CDNA LIBRARY

A Drosophila »./ AP embrvonic 4-8 hour cDNA hbrary was screened with Trk
and Eph specific probes (Scction 2.2.4). Four posiuve plagues were obtained from
a primary screen of 100,000 plagues with the Trk probe. However, the secondary
screen resulted mn no positives. meaning all 4 were likely o be false positive

plagues.

A primary screen of the AZAPH library using the Iph probe resulted in no positive
plagues. At this point it was decided to continue with the cloning of the 7rk gene

and leave the cloning of the Epfi gene.

3.4.3 SCREENING A LAMBDA GENOMIC LIBRARY

As the screening of the ¢cDNA library was unsuccessful a AEMBL4 genomic
library was screcned with the Trk specific probe. A primary screen of 20,000
plaques yielded 21 positive plaques, from which 13 were picked and 6 of these
titred. The secondary screen showed 1 of the initial 6 to be a false positive plaque.
One distinct single plaque off each of the remaining 5 plates was picked, titred and

stored 1n SM.
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3.4.4 SMALL SCALE PHAGE DNA PREPARATIONS

Since the 2EMBIA genomic hbrary had been amplified. it was necessary to
determine tf all five phage clones were identical. Small scale phage DNA
preparations of cach of the 5 clones had to be carried out to extract enough DNA
W compare restriction digestion patterns. Initialiv o 2 phage DNA preparation
mvolving Iysis ofCagarose plates was attempted (Section 2.2.17.1). Unfortunately.
confluent Ivsis did not occur in the preparations attempted. However. a scecond
method mvoblving liquid Tvsis (Section 2.2.17.2) was more success{ul. although

vields were poor.

3.4.5 RESTRICTION ANALYSIS OF THE iISOLATED CLONES

A restriction analysis was performed on the 3 isolated clones (referred to as A, B.
C. D and ). Restriction digests containing 1 pg DNA were undertaken using
EcoRL Beamtll and Sall alone, double digests of BamliliSall, Sall/FEcoR] and a
triple digest of EcoRI/Baml1l/Sail. This initially revealed that clones A and D

were identical to 3, but clones B, C and E may be ditferent.

To deternmine which fragments i clones B. C and b contained the putative Trk
eene, the phage DNAs were digested with various restriction enzymes and
subjected to agarose gel electrophoresis (Figure 3.3 showing B and C). This gel
was lransferred to a nvlon membrane and hybndised with a Trk specific probe
(Section 2.2.4). Hybridisation occurred to one band in cach lane indicating the
fragment that contained the gene (Figure 3.6). Identical restriction digests
hybridised to the Trk probe for clones B, C and E. These results indicated that the
initiat digests were misleading and that B and C were identical but that E was a
mixture of two phages, one of which was identical to B. The fragment sizes for

each digest performed on clone B can been seen in Table 3.2. Clone B was
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selecied tor turther analysis as the DNA preparation seemed to be of a bigh quality

(as judged by restrniction digests).

3.4.6 LARGE SCALE PREPARATION OF 7. CLONE B

A large scale preparation of clone B was undertaken using the Qiagen preparations
of 2 DNA Kit {Section 2.2.17.3). The DNA was quantitated onn a tluorometer and

restriction digests carried out o cheek the punty of the preparation.

As the restrictuon map of the phage had not vet been accurately caleulated more
restriction digests were carried out Inan attempt 1o establish the map. Single
digests of EeoRL Sacll. Safl and Xbal were performed as were double digests of
Beomtl ' Yhal. FeoRUXba). SalliXbal. I'ragment sizes tor cach digest is in Table
3.2, The agarose gel showing the resulting fragments can be seen in Figure 3.7.
I'rom this a more accurate map could be calculated which can be scen in Tigure

3.8

3.5 SUBCLONING AND SEQUENCING DROR2

3.5.1 SUBCLONING INTO PUC118

Southern analysis revealed that the 200 bp fragment ot Trk was contained within
the 3.6 kb Bamtil restriction fragment. 1o enable sequencing of this fragment the
3.6 kb fragment had to be subcloned into a plasmid vector containing the M13
Forward and Reverse primer sites. pUC118 contains these sites, therefore the 3.6
kb fragment was subcloned into the BamH! cloning site (Section 2.2.8.2).
Following the ligation of the vector and insert (referred to as plasmid KFB4) a
transformation using competent cells (Section 2.2.10.2) and subsequent mini
preparations (Section 2.2.11.1) were performed. A large scale preparation (Section

2.2.14.1) of one clone, plasmid KFB4 was carried out at 4 .45 pug/ul.
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Figure 3. 5 Restriction digestion profiles of A clones B & C.

Lane 1: A ladder, lanes 2-7: Clone B, lanes 8-13: Clone C, lanes 2 & 8: EcoRl
digest. lanes 3 & 9. BamHi digest, lanes 4 & 10: Sall digest. lanes 5 & 1Lt
BamHUSall double digest, lancs 6 & 12: FeoR1/Sail double digest, lanes 7 & 13:
BamHVVEcoR1/Sall tnple digest.

Figure 3. 6 Autoradiograph eof Southern blotted restriction digested DNA
probed with 200 bp Ror/Trk radioactively labelled probe.

Lanes as in Figure 3.5, except lane 1 that was removed from the gel before

blotting.
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Table 3.2 Restriction digest fragment sizes for clone B with EcoRI, BamH]I,
Sall, Xhal and Sacll.
Left arm of phage 1s 19.9 kb, right arm is 8.8 kb, The band that hvbridised to the

Ttk probe 1s mdicated with a asterisk (%),

Resll iction enzyme

| Iragment sizes (kb}

s Bl

Seill

| Bt EcoRUSall

[Ba}}: N ERYZ7)
|
I SallifcoR1
Xbal
Xbal/BamH1

Xbal/EcoR]

Sacll

w.}
—~—
—
Lad

S B 090800

(W
i

2000, 8.8, 0.8%,

19.0.12.0.6.6, 3.6%

2300 18.0~7

1.2

20080900365, 2.0 1.7 12, 1.0.095.08.0.3,.0.3

26.0,13.0.3.3

200.9.0,3.6,33,33

20.0,89,50,2.1,09,08,04,03,03

24.9.10.0,7.6,2.7

20.0.92.6.8*% 3.6,2.6.1.7.14.1.0.0.9,0.8,0.3, 0.3
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3.5.2 SUBCLONING INTO PBS

Plasmid KFB4 did not comain the 3" region ol Dror2. One of the 3.3 kb
Beamtll/Xbal restriction fragments contained this region. so it was subc¢loned into
pBS using the same procedures as Scetton 3.5.1 and named plasmid KFBX3. A
Biorad mini preparation (Section 2.2.11.3) was carried out and DNA vielded at

075 ne ul

3.5.3 SEQUENCING PKFB4

The plasmid KEFB4 swas sequenced 1n both directions using an automated
sequencer. Imtially. pKEFB4 was sequenced in from cither end using the M13
forward and reverse primers and sequenced out front the 200 bp fragment already
sequenced. From the sequences obtained. it was revealed that the gene isolated was
closest to the Ror family of RTKs not the Trk tamily as previoushy indicated. This
gene was nominated Dror2 as the first Ror gene i Drosoplila Dror had already
been isolated. Irurther sequencing reactions were carried out using primers derived
from the ends of these sequences until an alignment of cach strand was found, as

can be scen in Figure 3.9.

3.5.4 SEQUENCING DRORZ2

Scequencing of plasmid KFB4 showed it to contain the 3' end of Dror2 but not the
5" end, consequently primers had o be constructed o sequence through the phage
to obtain the beginning of the gene. With the help of known sequence at the start
of KFB4, primers were constructed and the phage sequenced. Following this, more
primers could be constructed to sequence both strands of Dror2 including
sequence upstream of the 5" UTR and downstream of the 3" UTR. Plasmid KFBX3
contained the 5" end of Dror? and was also sequenced to ensure accurate

sequencing. A summary of the primer locations is shown in Figure 3.10.
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Figure 3. 7 Restriction digestion profiles of A clone B

Lane 1: A ladder. fane 20 freoR1 digest, lane 3: Sacll digest. lane 4 Sa/l digest, lane
5. Xbal digest. lanc 6: Bamt{l/Xbal double digest. lane 7 EcoRl/Xbal double

digest.
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Figure 3. 8 Restriction map of A clone B isolated from a Drosophila genomic

library that hybridised to the Trk fragment.

Arrow indicates position of Dror2 gene with arrowhead showing direction of
Dror2. Digests undertaken did not identify exact placement of the two 0.3 kb and
one 0.9 kb feoRI fragments as shown by the double arrow. Not shown on the map

tsa 1.4 kb LeoRI site that 15 at one end of the map.
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Figure 3. 9 Nucleotide sequencing strategy for pKFB4 showing primer

locations.

Arrows denote direction sequenced. Length of arrows indicate the approximate

sequence obtained from cach reaction.
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Figure 3. 10 Nucleotide sequencing strategy for Dror2 showing primer

locations.

Arrows denote direction sequenced. Length of arrows indicate the approximate

sequence obtained {rom each reaction.
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3.5.4.1 Structural features of Dror’?

The nucleotide sequence of Dror2 and deduced amino acid sequence of the Dror2
protwein are shown in Figure 3.11. The Dror2 gene is 3094 bp in length and
contains three mtrons. the first in the middle of the evsteine rich domain 62 nt in
length. and two Hanking the kringle domam the second being 66 nt and the third

57 ntan lengthe All three sequences at the exon-intron boundaries agree well with

the consensus determined by Mount (1982).

JThe transerniptional start point {tsp) 1s 330 bp upstream of the translational start
site. The tsp sequence AACAAAT malches the Drosophila melanogastor
consensuy sequence (Hultimark e ¢f.. 1986} 47 nucleotides (nt). the agreeing nts
arc underhined. A putative TATA box s present 13 bp upstream of the translational

sequence (Lewm, 1994}

Seaguences upstream of the putative translational start site {the first in-frame ATG)
correspond well to the Drosophila consensus for translational inmitiation (Cavencr,
1987: Cavener and Ray. 1991). However. there is another in-frame ATG 51 bp
downstrecam {rom the first in-trame ATG that could potentially act as the
translational start site. A comparison between the two possible translatonal start
sites (Table 3.3) shows that the first in-frame ATG matches the translational
initiation consensus sequence (Cavener and Ray. 1991) eight out of twelve
nucleotides compared {o the second ATG that matches only three out of twclve.
~ Therefore it 1s likely that the first in-frame ATG identificd is the translational start

site.
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Following the initiating methionine 1s a 25 residue hyvdrophobic domain that may
represent the signal peptide. Following the (-3. -1) rule of von Heijne (1983,
1986). the signal sequence cleavage site 1s most likely between the leucine and

alanine ammo acids (between residues 23 and 26).

This sienal peptide (SPT on the tables) was compared to that of the signal peptide
(SP2) which follows the methionine encoded by the second in-frame ATG. Table
3.4 shows the two peptides. with their hvdrophobic domains. In SP1 there are three
charged amino acids in this region. This decreases the possibility of SP1 being the
signal peptide as few chareed amino acids are usually tolerated in the hydrophobic
region of a signal peptide {von Heijne. 1983). Though the (-3. -1) rule of von
Heiine (19830 1986) 1s consistent {or both these sienal peptides. SP2 conforms

better than SP1 te the conscnsus groups for residues -6 1o = 2 (Table 3.3).

The 3" untransiated sequence contains a putative polyadenylation signal
(AATAAA) 28 nt upstrcam from the poly A™ tail. consistent with Proudfoot and

Brownlec {1976} and Birnstic] ef af. {1983).

3.5.4.2 Oreanisation of the Dror2 protein

A schematic diagram of the organisation of the maturc Dror2 protein seen in
Figure 3.12. The 723 anino acid mature Dror2 protein comprises a 316 amino acid
extracellular domain with a cysteine rich region and a kringle domain, a 26 amino
acid transmembrane domain and 383 amino acid intracellular domain containing

the catalytic kinase region.
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Figure 3. 11 Nucleotide and amino acid sequence of Dror2.

Tsp indicated by bend arrow, the TATA box (green) and polyadenylation signal
(blue) are underlined. The signal peptide (amino acids 1-23) is pink, the cysteine
rich region (amino acids 68-202) is blue, the kringle domain (amino acids 219-
297y i1s green, the transmembrane domain (amine acids 317-342) 1s purple and the

tyrosine kinase domain (amino acids 441-711} is red.
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M R R P NCS Y I OGLTEULIKTESTEWVUVS

CTGTAAGTCTTCATTATCTCAAACCCTCAAGAAGGTCTTTCTGATGCTAGAATCCCTTTT

CTTCACAGACGATTGCCGCAATGGAAACGGACGCTTCTACATGGGCACAATGAACGTGT&
YDCRNGNGRFYMGTMNVS

CAAGTCGGGCATTCCCTGCCAGCGCTGGGACACTCAGTACCCACACAAGCACTTCCAGCC
KSGIPCQRWDTQYPHIKTHTEFTO QSFP

ACCACTAGTCTTCCATCAGCTCCTGGAGGGCGAAAACTACTGCCGGAAT&CTGGCGGCGA
P LV FHQLULEGENYT CRNAGSGE
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P M C
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ATGGAGAAGTTCTTCACGCCATCGATGATCTTTCTCTTGGCTGGAATAGGTTTCGTGGCC
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T TV TNV S DAKTGTIKUPNARILTE K

TTGGAGTACCCACGCGGGGATATAGTGTATGTGAGATCATTGGGTCAAGGAGCCTTCGGT
L EY PR &DIVYYRSLGEQ GG ATEFETE

CGCGTCTTCCAGGCCAGGGCTCCTGGACTTGTTCCCGATCAGGAAGATCTACTAGTCGCT
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VK ML KDUDASDA QMAOQMDTFETRTEA

TGTTTGCTGGCCGAGTTCGATCATCCCAATATCGTGAGGCTGCTGGGGGTGTGCGCCTTG
CL LA EFDHPNIUVYRLILGYCAL

85

1860
294

1920
297

1989
313

2049
333

2100
353

2160
373

2229
393

2280
413

2340
433

2400
453

2460
473

2529
493

2580
513



2581
514

2641
334

2701
554

2761
574

2821
594

2881
614

2941
634

3001
654

3061
674

3121
694

3181
714

3241

3301

3361

GGCAGACCCATGTGCCTGCTCTTCGAGTACATGGCTCCTGGCCATCTAAGCGAGTTCTTG
B E PR &G L LFETYTHEAPS BLSETFL

CGCGCCTGCTCCCCATATGCCACACACCAGGCGCCGATACGGGATCGTCTGCAGTTGAAC
R A C S PY ATHGQAPTRDURERIL®GQLHN

GAGCTACATCTGCTGCAGATGGCGGCCAACATTGCAGCGGGCATGCTGTATCTTTCGGAG
ELHLLGOMAGANTAAGMLYTLSE

AGAAAATTCGTCCACCGGGATTTGGCCACCAGGAATTGCCTGATCAACGAGCACATEGCG
R & F ¥ R R DL &8 T RERNELIDNEWHMA
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F 5 L E 2 P V¥ AY & F €L WEUVF S F

GCCTTGCAGCCCTACTTTGGGCTAACCCACGAGGAGGTGATCAAATACATCAAGGAGGGC
AL QPY F GL THETEVIIKTYTIZ KTESG

AACGTACTCGGCTGTCCGGACAACACGCCGCTCTCCETCTACGEGETGATGCGTCGETGE
N ¥ L 6 € D N TP L S ¥ ¥ A L M R R
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TAATAAACTTTTGGATCTTTAGTTGTGTATCTCAGCATTGCCGCTTTTTGTTTATGGCAT
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Figure 3. 12 Schematic diagram of the organisation of the mature Dror2

protein.



5'UTR Signal Cysteine rich Kringle Transmembrane Kinase
peptide domain domain domain domain

68



Table 3.3 Comparison between the two possible

sequences of Dror2,

50

initiation consensus

S8 -80 76151403210 -] +4 | +53

First ATG alalaj ¢ a clalg | cic | ATG| g C
CoSeeond ATG g [ et C clgleglaelera | ATGH ¢ t
CONSENsUs acial e |cdalag|ecielalalae ATG | alg |c/a

Table 3.4 Sequences of the two possible signal peptides of Dror2

The M on cach represents position -25 and the final amino acid represents -1.

SPs | Amino acids

SP] MAAGQWVGVVERVLRGN‘NLKWGﬁN

| Hydrophobic region of 14 amino acids |

SP2 IM|VILIKIW G[AN[L|A[VILIG LCVF‘I.’FAS AlTTH

| Hvdrophobic region of 12 aas |
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Table 3.5 Comparison of the cleavage sites of the two possible signal peptides
of Dror2

Position | Signal peptide | ! Signal peptide 2 Consensus group
L j i
aa Giroup Jll aa | Group
-6 N charged A neutral hivdrophobic
-5 F W aromatic S ncutral neutral
i ]
— - I .
P ( I Gly A | neutral neutral/ hvdrophobic
—— —
’ -3 A | neutral ] neutral neutral
[ . 1 ; — n
p-2 N hvdrophobic t aromatic hyvdrophobic/aromatic
-1 ). hvdrophobic A neutral neutral
- : — | B
-1 A neutral N hvdrophobic || polar
» |
+2 \Y hydrophobic S neutral charged/ hivdrophobic
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3.5.4.3 Sequence comparisons

An alignment of the extracellular domains of all the Ror family of receptors is scen
in Figures 313 and 3.14. Within the extracellular domain. the kringle domain
(Frgure 3.13) shares a 30 % idenuty with human Rorl. a 46 % identity with human
Ror2 and a 42 %6 identity with Dror. In the cysteine rich domain (Figure 3.14)
Dror2 shares a 26 "o adentity with Rord and a 23 %% identity with Ror2 but only a
[3 %6 adentity o Dror. Dror contains a unique 55 amino acid lvsme-rich msert in
thus reaton. without this there would be a 20 9% 1dentity with Dror2. very similar 1o
Rorl and Ror2. When these four proteins are aligned all 6 cvsteme residues in the

kringle domain and 10 residues in the eysteine-rich domain in Rorl. Ror2 and Dror

have eguivalent positions in the Dror2 protein.

An alignment of the Kinase domains of Dror. Dror2. human Rorl and Ror2 and
mouse TrkD3 is shown in Figure 3.15. The tyrosine kinase domain of Dror2 shows
a 43 % identity to Dror. a 44 % 1dentity with Rori. a 42 % identity with Ror2 and a
48 % identity 1o TrkB. A number of the shared ammo acids n this domain are not
found in many other RTKs suggesting the occurrence of a Trk-like superfamily of

RTKs.

Contained in the tyrosine kinase domain is the YXXIDYY scquence motif (amino
acids 606-611) that corresponds to the autophosphorylation site of insulin
receptors {Masiakowski and Carroll, 1992; Pearson and Kemp, 1991). Dror2 also
contains two GXGXXG putative ATP-binding motfs found within the tyrosine
kinase domain of Dtk (Pulido er al., 1992). The first is G*""XGXXG/K** and the
second G XGXXG/K'™.
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Figure 3. 13 Alignment of the kringle domain of Drer2 with the members of

the Ror family of RTKs.

Alignments arc of Rorl and Ror2 from human and Dror and Dror2 from
Drosophila. Purple blocks represent identical residues, asterisks represent the

common cysteine restdues (see text), dashes represent gaps for optimal alignment.
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Figure 3. 14 Alignment of the cysteine-rich domain of Dror2 with the
members of the Ror family of RTKSs

Alignments are of Rorl and Ror2 from human and Dror and Dror2 from
Drosophila. Purple blocks represent identical residues, asterisks represent the
common cysteine residues (see text), dashes represent equal gaps for optimal

alignment.



Dror2
Dror

Ror1 hum
Ror2 hum

Dror2
Dror

Ror1 hum
Ror2 hum

Dror2
Dror

Ror1 hum
Ror2 hum

Dror2
Dror

Ror1 hum
Ror2 hum

101

201
205

133
105
234
238

135
138
236
240

GYCAPYSGKVﬂKEYLTGQVWYSLEDPTGHWKNE
Gl1|cH 1]YIN|G|T 1|c|RD V L SINJAH[V[F]V]S PN L TMND L[E|E
GFCQPYRGIACARF|I[GNRTVYME[SLIHMQGE I E|N
,GFCQPYRGIACARFIGNRTIYVDSLQMQGEIEN
QVEﬂqLWDELIS D[L]T G L[C|R E A[A|JE K ML C|A[YAF P
RLKAAYGJjKESKDMNANCRMYAHPSLCFSSWP
QT TAAFTMIGTS|SHLSD|KICI[SQFATPSLCHYAFP
RII TAAFTMIGTS|TH|LSD|QC|S|IQFAIP SmCHFVFP
NI - - - - ---- - - - - - e e e e e
IlCIRTPERTNLLYFANVATNAKQLKNVS I RRKRT
W= « = = o %« & = =45« mmSSAmEEw A m A SRR e
[Mll: « = == c 2 s s s 5 R E AR E R SR E e e .

------------------------ HMEGGRAVK

KSKDIKNISIFKKKSTIYEDVFSTD|I S[S|KY[PPT
------------------------ ETIS|S VIPKP
------------------------ AR[S|RA[PKP

100
71

200
204

132
104
233
237

134
137
235
239

143
170
244
248

96



Dror2 144
Dror 171
Ror1 hum 245
Ror2 hum 249

LCIFEDICIQATHL QF[ClYNDWVL | EEKK 170

1]C RIE[E C E|L[L ENIE[L C QK[E Y|A[TAIK - - - 200

LCRIDIECE|I|L ENJVILCQITIEY|I FJAR|- - - 268
L E[s LA

L C RDIEC E|V DIL CIRQIE Y|T = » = Q72

% ) %*

Dror2 171 S[RIGHF RILPNC|SS[CP[HYNASMRRP[NC| 202
Dror 201 M- --VGVEDICIQKILPQHK - - - - - - D|C| 222
Ror1 hum 269 LPNCEIDILPQPES P|EJAA|-INC| 206
Ror2 hum 273 L P[K|C E|AIL P[M[P ES P|DIA Al -INC| 300

L6



98

Figure 3. 15 Alignment of kinase domains of Dror2 with other members of the

Trik/Ror families of RTKs.

Alignments are of Rori and Ror2 from human, TrkB from mouse and Dror and
Dror2 {rom Drosophila. Purple blocks represent identical residues, dashes

represent gaps for optimal alignment.
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3.6 3'RACE

poly A~ RNA (Section 2.2.2.2) isolated from a range of developmental stages.
These stages were 0-4 hour old embryvos. 4-8 hour old embryos. 3rd instar larvae,

pupac. female adult and male adult {Tics.

Taq polyimerase was initially used in an attempt o isolate the 3" end of Dror2.
¢DNA was svnthesised from both total RNA and polv A° RNA using either of
three different primers: GSP2. oligo (dT) and oligo {(d13-Bamlil. Following this,
the ¢DNA was chiccked using control primers. For ¢cDNA svathesised by GSP2.
Rev and GSPZA were used to amplify a known region in Dror2. This was not
successiul. so new ¢DNA was synthesised using the oligo (dT1) primer and a
control reaction using ZW3 and ZW3 primers was undertaken. ZW3 and ZW5
were chosen as they amplify a known section of the glucose-6-phosphate
dchydrogenase (GO6PD) gene containing a 125 bp intron {Scott ef af., 1993). The
cDNA was amplified and the resulting fragment size compared to that of the
genomic DNA to ensure no contaminations were present. These results were
inconsistent with previous results, consequently another ¢DNA synthesis was
atternpted using the oligo (d1)-BamHI primer. 3' RACE was attempted on this
cDNA with the oligo (dT)-BamHlI and Trk primers for the first round of synthesis

and oligo (dT)-BamHI and DrorZ1 primers for the second round.

The results revealed a fragment the same size as the genomic DNA control in all
the ¢cDNA lanes including the no DNA coentrol, demonstrating a genomic DNA
contamination. All solutions in the PCR reaction were changed in an attempt to
remove the contaminant. This was successful and it was decided to run cDNA

synthesis controls and 3' RACE controls on all further reactions before attempting
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the RACI with Dror2, in case the contaminant returned. it was also decided at this
point to usc the el ONGase enzyme instead of Taq polvmerase as it synthesises
longer strands of DNA than Taq polymerase. hence the chances of success were

gredater.

Rp49 is expressed strongly 1 all stages of development {(O"Connell and Rosbash.
1984). hence it was chosen {or a positive control. A control PCR reaction using
rp49 GSPL and rp49 GSP3 (primers that amplified a specific region of rpd9 DNA)
was run to cnsure the ¢DNA synthesis occurred. A sccond experiment was
performed: a control of the 3' RACE using the ¢DNA synthesised from the oligo
{(d1)-UP primer to check the conditions of the reactions (Section 2.2.16}. The first
round of PCR contained the UP and rpd9 GSPI1 prumers with 1 pl. ¢cDNA, the
second round UP and rpd9 GSP2 primers with T ul. diluted ¢cDNA. The resulting

agarosce ecl is shown in Figure 3.16.

Once the ¢cDNA synthesis and PCR conditions had been cstablished, the cDNA
synthesised with oligo (d1)-UP prumer in the control reactions were used for 3
RACE of Dror2. The first round of PCR contained the UP and Trk primers, the
second round contained the UP and DrorZl primers. The samples were size

fractionated on a 1.7 % agarose gel as can be seen in Figure 3.17.

The 470 hp fragment amplified from 0-4 hour old embryo cDNA reaclion was
excised, gel purified (Section 2.2.7.2) and was subcloned into pGEM. A mim
preparation of plasmid DNA was then sequenced using the M3 forward and
reverse primers on the ABI sequencing machine. The sequence corresponded

exactly with gene sequence to the poly A’ site.
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3.7 5'RACE

3 RACE was performed using 0-24 hour embryo. female adult and male adult
RNA. The DrorAl primer was used in synthesising the ¢DNA, DrorB! and
Abnidged anchor primers (BRI} 1 the first round of PCR and DrorC1 and AUAP

(BRI} primers in the second round.

A fragment of 900 bp was clearhy visible in female adult, faintlyv in male adult and
not seen at all m embryvos (Figure 3.18). This fragment from female adult was
excised and gel purified (Scction 2.2.7.2). This was subcloned as in Section 3.6

and scquenced on the ABI sequencing machine.
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Figure 3. 16 3' RACE of rp49

Lane 1: 1 kb ladder, lane 2: 0-4 hour old embryos, lane 3: 4-8 hour old embryos,

lane 4: 3rd instar larvae, lane 5: pupae, lane 6: female adult, lane 7: male adult,

lane §&: no DNA conirol.
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Figure 3. 17 3' RACE

Lane 1: 1 kb ladder, lane 2: 0-4 hour old ecmbryos, lane 3: 4-8 hour oid embryos,
tane 4: 3rd instar larvae, lane 5: pupae, lane 6: {female adult. lane 7: male adult,

fanc &: no DNA control.
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Figure 3. 18 5' RACE

Lane ]: 1 kb ladder, lane 2: 0-4 hour old embryos, lanc 3: female adult, lane 4.

male adult. lane 5: no DNA control.
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3.8 EXPRESSION OF DROR2

3.8.1 NORTHERN BLOT HYBRIDISATION

Northern biot hvbridisation (Section 2.2.19) was initially attempted using 10 ng of

total RNA isolated from a range of developmental stages (Section 2.2.2.1). These
stages were -4 hour old embrvos., 4-8& hour old embryvos. 3rd instar larvae, pupac.
temale adult and male adult {lics. Plasmid KFB4 was digested in a double digest
containing BamMHt and Psil and resulting {ragments were separated on a 1.0 %
Scaplaque gel in TALL The 1.6 kb band containing most of Dror2 was excised.
(Qagen purified and checked on a 1.0 % agarose gel (Section 2.2.7.2). This was
then used as a probe for Dror2. Twenty five ng was radioactively labelled with 7P

(Section 2.2.19.1}) and added to the hybndisation tube.

Upon obtaining no signal from the DrorZ2 probe several control probes were tested.
The armadillo {arm) genc encodes for a 3.2 kb mRNA and is expressed most
during embryogenesis and pupation and least during larval development and in
adults (Riggleman er al., 1989). A 2.5 kb BamHI fragment containing most of the
arm gene was gel purified from pArm and labelled identically to the Dror2 probe.
However, again this yielded no signal, suggesting that the mRNAs were too small
a proportion of the total RNA to be readily detected. Thus, it was decided to use

poly A" RNA as it is enriched for mRNAs.

Poly A" RNA was isolated (Section 2.2.2.2) and approximately 2.5 ug of this was
used per lane in the Northern Blot. Rasl (Dmras@5D) is constantly expressed
throughout the development of the fly (Mozer er al., 1985) and encodes one major
transcript of 2.0 kb (Brock, 1987). A 1.6 kb Sa/l/EcoRl Rasl fragment was

purified from pRas and labelled identically to the Dror2 probe. Unfortunately no
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signal was detectable with this probe either, indicating that a more abundantly

expressed controf had to be tested.

The #p49 gene encodes a ribosomal protein of” {32 amino acids and contains a
major transeript of 0.6 kb that 15 highly expressed in all stages of development
(O Connell and Roshash. 1983). A 640 bp Hindlll/EcoRI fragment containing
rp49 was purithied from pRP4Y and labelled as before. The #p49 probe was
hybridised 10 the RNA on two Northern Blots, one containing total RNA and the
other polv A" RNA. Signals were oblained from both blots. the total RNA signal
faint. but strong signals were seen after an overnight exposure to the poly A” RNA

hlot.

The blot revealed that the amount of RNA was not constant for all stages of
development, embryos and adult female were detected stronger than pupae, larvae
and male adult (Figure 3.19). However, as there was some hybridisation in all
lanes the blot was reprobed with the DrorZ2 probe. No signal was detected after a 3
dayv exposure, but after a weeks exposure hybridisation was detected very weakly

in the female adult lane as can be seen in Figure 3.19.

[n an attempt to increase the sensitivity of the hybridisation, single stranded RNA
DIG labelled probes were prepared (Section 2.2.19.2) for Dror2 and rp49. No
signal was obtained with either the Dror2 probe or rp49 probe. The DIG System
User's Guide for filter hybridisation booklet (BM, 1995) proposes this was
probably due to RNase contamination of the DIG blocking solution. Thus, another
hybridisation was performed using a mixture of two single stranded DNA probes

(Section 2.2.19.3). However, this was also unsuccessful in obtaining a signal.
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Figure 3. 19 Autoradiograph of poly A® RNA Northern Blotted with a 1.6 kb
Dror2 probe.

LLanc 1: 0-4 hour old embryos, lane 2: 4-8 hour old ¢mbryos, lane 3: 3rd instar
larvae. lanc 4: pupac, lane 5: female adult, lane 6: male adult. Northern Blot had a

one week exposure.
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38.2 INSITUHYBRIDISATION

3.8.2.1 Using DNA probes

Jiosing hvbridisation was inmitally carried out using DIG labelled DNA probes
(Section 2.2.20.09. The 1.6 kb Dror2 probe was identical to the one made in
Section 3.8 1 except that 1t was DIG labelled instead of radioactively labelled.
fombryvos (-4 hours old and 4-8 hours old were collected and hyvbridised with the
Diror? DIG probe, as deseribed in Section 2.2.2.1. No hybndisation could be
detected with either batch of embrvos. To deternine if the lack of hyvbridisation
was duc 1o a problem with the procedure. the embryvos were hvbridised with a

control probe,

The Drosophila gene Hucklebein (175b) (Weigel er al.. 1990} 1s expressed 1 the
caps of the poles of early embryos. and 1n the nervous system later in development.
The Hkb probe was constructed by excising a 0.6 kb Sa/lZXbal {ragment from
plikb. purified and DIG labelied (Section 2.2.20.1). Again, no hybridisation was
detected. so a Southern Blot to plasmid DNA was performed to check the DIG
labelling of the probes. Both the probes hybridised sirongly as expected. The in
st hvbridisation was attempted again, but with no success. It was decided to use

RNA probes 1o increase sensitivity of the hybridisation.

3.8.2.2 Using RNA probes

For preparation of in siru hybridisation to embryos, five probes were made. The
antisense strand of »p49 was used as a control on 0-4 hour embryos. To construct
the probe pRP49 was lincarised by digesting the plasmid with EcoRl. The linear
DNA was treated following Section 2.2.19.2 and probe synthesised in vitro using

T3 RNA polymerase.
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The scnse and antisensc strand of DrorZ were DIG labelled by linearising the
plasmids on cither side of the cloning site. For the antisense probe pGEM
containing the 1.6 kb fragment of Dror2 was lincarised with 4sp718 and probes
syathesised in vivro using T7 RNA polymerase. The sense strand was linearised
using the same plasmid but digested with /indtll and the probe synthesised in

vitro with T3 RNA polymcrase.

The final probes made were the sense and antisense strand of Dror. The sense
probe was a negative control. the antisense probe was expected 10 label the central
nervous system of 7-11 hour and 10-16 hour cmbryvos (Wilson ez af.. 1993}, A
2035 bp fragment containing the entire open reading frame of the Dror genc
(Wilson er ¢f.. 1993} was amplified by PCR using ¢cDNA from 0-4 hour and 4-8

hour embryvos. All solutions and conditions were identical to Section 2.2, 135 except

onlyv one round of PCR was undertaken.

The resulting 2.0 kb {fragment was excised, Qiagen purified, ligated into pGEM
and transformed using the standard procedure {Secuons 2.2.7.2, 22.8.1 and
2.2.10.1). Plasmid DNA was prepared by alkahine lvsis (Secuion 2.2.11.1) and large
scale plasmid preparations of clones containing the 2.0 kb insert were performed
using the Qiagen kit (Section 2.2.14.2). An antisense probe of pDror was made by
lincarising the plasmid with Mol and the probe synthesised in vitro using T7 RNA
potymerase. The sense strand was linearised using the same plasmid but digested

with Ncol and the probe synthesised in vitro using 13 RNA polymerase.

The rpd9, Dror and Dror2 probes were hybridised to 0-4 hour, 4-8 hour, 7-11 hour
and 10-16 hour old embryos. Hybridisation of the rp49 probe to the embryos was

visualised clearly on 0-4 hour embryos as seen in Figure 3.20.
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Hybridisation of the Dror control at all stages examined was minimal. Signals
were detected in staining of the whole embryos but no staining was seen that
resembled the results of Wilson ef ¢f. (1993). The DrorZ antisense probe revealed
hvbridisation in the form ol general staining from 0-4 hour old embryos (Figure
3.21a) and 4-8 hour old embryos (Figure 3.21b). More specific staining of the
trachea 15 seen e 7-11 hour old embrvos (Figure 3.21c¢) and 10-16 hour old
cmbryos (Iieure 3.21d). Some of the embrvos at the later stages showed no
specific staining  (Figure 3.27e), indicating hybridisation was  inconsistent.
Unfortunately, the same spectiic staining was seen from the sense Dror? probe,
suggesting the staming was due to non-spectfic hybndisation. At this point further

in sifi hybridisation work was abandoned duc to time constraints.
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Figure 3. 20 In situ hybridisation of a whole mount 0-4 hour old embryo using
a DIG labelled rp49 RNA probe.

Figure 3. 21 In situ hybridisation of whole mount embryos using a DIG
labelled Dror2 probe.

{a) 0-4 hour old cmbryo
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(b) 4-8 hour old embryo

{c) 7-11 hour old embrvo



121




122

(d) 10-16 hour old embryos. Shows strong hybridisation to the trachea of the
embryo.

(e) 10-16 hour embryo. Shows gencral non-specific hybridisation,
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4. DISCUSSION

Receptor tyrosine kinases (RTKs) are a family of cell-surface receptors that play
an important role in the transfer of environmental cues essential for cell migration,
proliferation and differentiation. Drosophila melanogaster possess a number of

RTKs, the gene for one of which was isolated for this thesis.

4.1 DTK-LIKE GENES ARE ABSENT FROM DROSOPHILA

The original aim of this project was to clone the Drosophila homologue of the
human Dtk gene. To do this PCR was applied using degenerate oligonucleotides
derived from conserved amino acid motifs within the tyrosine kinase domain of
RTKSs. Primers were constructed to specific sequences in the Dtk genes as well as
to conserved regions of the tyrosine kinase domain of RTKs. This was to ensure a
number of RTKs apart from Dtk could be isolated in case the Dtk isolation was
unsuccessful. No Dtk clones were isolated from sequencing all the clones from the
primer combinations attempted. Thus, it appears that Drosophila does not contain
a Dtk homologue, however it remains possible that the primers chosen simply did
not amplify any Dtk-like genes due to sequence divergence. The project was

changed to the isolation and cloning of a novel RTK in Drosophila.

4.2 NOVEL SEQUENCES IDENTIFIED

Novel sequences encoding four known genes were isolated as seen in Figure 3.3.
The genes identified as the closest to that sequenced do not necessarily represent
the actual gene isolated, as only a very small portion of the tyrosine kinase domain
had been sequenced. The first gene sequenced focal adhesion kinase (FAK), is a
widely expressed protein tyrosine kinase implicated in integrin mediated signal

transduction pathways (Hanks et al., 1992). The second gene sequenced was S-
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related receptor kinase (SRK). This gene was first sequenced in Brassica oleracea

and is analagous to the growth factor RTKSs in animals (Stein et al., 1991).

The third gene seems to be part of the ech/eph family of receptor tyrosine Kinases.
The similarity search pulled human eph (Hirai et al., 1987) and eck (Ganju ef al.,
1994) at the top of the homology, but as this family is the largest of the RTK
subfamilies (see Section 1.3.2) it could have been any of them as none have been
isolated in Drosophila to date. The fourth gene sequenced appeared to be the
Drosophila homologue of Trk, possibly one of the three Trk genes found in
vertebrates (see Section 1.3.3). The sequenced portion of the gene was the most
homologous to trkB in mouse (Klein et al., 1990). This gene was chosen to isolate
and characterise for this thesis and it was revealed through further sequencing that

it was part of the Ror subfamily of RTKSs, not the Trk family as previously thought.

4.3 CHARACTERISATION OF THE DRORZ2 GENE

4.3.1 INTRONS

There are three introns present in the Dror2 gene, one in the middle of the cysteine
rich domain and one on either side of the kringle domain. The kringle domain is
not seen in other RTK subfamilies apart from the Ror subfamily and in one
muscle-specific RTK, the electric ray Torpedo californica (Jennings et al., 1993)
(see Section 1.3.4). The positioning of the two introns either side of the kringle
domain is possibly an example of exon shuffling. Exon shuffling is thought to
occur because introns are hot spots for genetic recombination because of their
length (Gilbert et al., 1997). This phenomenon has been observed in eukaryotes

and is thought to be important in gene evolution (Long et al., 1995).
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4.3.2 PROMOTER SEQUENCE

A putative TATA box was identified in the 5' UTR of Dror2, only 4/6 nt
conformed to the consensus sequence questioning the validity of this identified
box. This TATA box is only 13 bp upstream of the transcriptional start point (tsp),
usually TATA boxes are 30 bp upstream of the tsp (Lewin 1994). For these
reasons, it is possible that the tsp identified was not the actual tsp sequence. If the
5" RACE stopped transcribing at a strong stop point for the reverse transcriptase,

an incorrect tsp would have been identified.

4.4 ANALYSIS OF DRORZ2 PROTEIN SEQUENCE

4.4.1 CONSERVED MOTIFS AND BINDING SITES

Within the extracellular domain of Dror2 are several conserved motifs, the
cysteine rich domain and the kringle domain. The intracellular domain contains the
conserved catalytic tyrosine domain seen in all RTKs. Within this domain are two
putative ATP binding sites and tyrosine containing motifs that may interact with
SH2 regions of cellular signalling molecules upon tyrosine phosphorylation. These
motifs are not seen in Dror, but have been seen in Dirk suggesting a similarity with

the Trk subfamily of RTKs.

4.4.2 COMPARISONS TO OTHER GENES

Extensive sequence similarity between the Ror family and Dror2 are seen
throughout the length of the proteins. However, Dror2 lacks the immunoglobulin-
like domain found in the extracellular domain of Rorl and Ror2. Dror2 also lacks
the extensive carboxyl terminus tail found in Rorl and Ror2. Dror also lacks these
features suggesting an evolutionary change between the Drosophila and human

counterparts.
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The kinase domain is the most conserved domain between the Ror subfamily and
TrkB with a number of the shared amino acids in this domain not found in many

other RTKs. This suggests the occurrence of a Trk-like superfamily of RTKs.

Similarities between the Ror subfamily suggest that Rorl and Ror2 are the
mammalian homologues of Dror and Dror2. To date no ligands have been
identified for the Ror subfamily of RTKs neither for Torpedo RTK (the muscle
specific RTK).

4.5 DNRK GENE

While this thesis was in preparation, a paper was published by Oishi er al. (1997)

reporting the cloning of a cDNA for a gene called Dnrk that is identical Dror2.

4 5.1 DNRK SEQUENCE DIFFERENCES

Upon comparing the nucleotide and amino acids in Dror2 and Dnrk it was revealed
that there are 15 nucleotide differences resulting in a number of amino acid
differences as seen in Table 4.1. The first amino acid difference is from a histidine
in Dror2 to a tyrosine in Dnrk. Though this is not a conserved change, it is possibly
a result of polymorphisms. The second and third differences are from a glycine in
Dror2 to a valine in Dnrk which are conservative changes resulting from
polymorphisms. The fourth amino acid difference is from a threonine in Dror2 to a
methionine in Dnrk, not a conservative change but again possibly a result of

polymorphisms.

The second to last nucleotide difference results in a frameshift of the coding
sequence. In Dnrk, a C is missing from the sequence, which we believe to be a
sequencing error. Both electropherograms of Dror2 clearly show a C (or G in the

other direction), proving the presence of this extra C. This frameshift in turn, alters
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all the remaining amino acids, in this case the first change is from an arginine in

Dror2 to a glutamic acid in Dnrk.

A comparison between Dror2, Dnrk and other related RTKs was carried out (see
Table 4.2) In Dror2, the amino acid glutamic acid at position 1 is a conservative
change from aspartic acid, whereas Dnrk has an arginine at that position that is not
a conservative change. At position 2, all receptors have an isoleucine except Dnrk
that has a serine. At position 6, the isoleucine in Dror2 is a conservative change
from leucine, whereas the serine in Dnrk is not. The serine at position 13 is seen in
all compared receptors except Dror and Dnrk again showing a conserved residue.
All these changes lead to the conclusion that the sequence of Dnrk is missing a C
resulting in a frameshift of the sequence. Hence. the sequence of Dror2 is believed

to be correct.

The rest of the nucleotide differences result in no changes of codons, as the change
is in the third base, the wobble base. This base is usually degenerate, so no change

in the corresponding codons occurs.

4.5.2 DNRK TRANSLATIONAL START SITE

The initiating methionine Oishi et al. (1997) identified is the second in-frame ATG
identified (see Section 3.5.4.1). The first in-frame ATG was not identified by Oishi
et al. (1997) because their cDNA clone begins 51 bp downstream of the putative

translational start site.



Table 4.1 Nucleotide and amino acids changes between Dror2 and Dnrk.
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Dror2 Dnrk Amino acid change
Position Nucleotide | Position | Nucleotide Dror2 Dnrk
152 & 104 T - -
483 c 435 T H Y
574 C 526 T = 5
744 A 696 G - -
768 A 720 G - -
819 & 771 ] G A
917 G 869 T - -
1062 T 1014 & . -
1160 G 1012 T G \Y%
1172 C 1124 T ) M
1875 G 1827 A - -
1908 T 1860 G - -
2064 G 2016 T . -
2115 (& 2067 - R E
2172 ¥ 2124 T . =
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Table 4.2 Comparison between amino acid sequence of Dnrk, Dror2 and

related RTKSs after frameshift mutation.

Numbers refer to amino acids after the frameshift mutations. Dnrk, Dror2, Dror
from Drosophila, Rorl and Ror2 from humans and TrkB from mice. Asterisks (*)

indicates a stop codon.

Position [[ 1 |2(3(4 |5 |6 (7 |8(Q (1|1 (L1 (1 {Ll|T 1|11 )2]2|2(2]{2(|2](2
0[1]|2(3)|4|5]|6[7[8|9]0]1]2]3|4]|5]|6

Dror2 E{I|NH(C|I |Q|H|S|I|[A|E|S|E|C|K|[A|[M|L]|*

Dnrk R{S|TIT[A|S|S|T|A|S|{P|R|A|S|[A|R|Q|C|F|R|[G|L|IP|E|K|*

Dror D(I|SIN[R|L|K|[T|W/ H|[E|G|H|F|[K|A|S|[N|P|E[M]*

Rorl DIT|HV|IR|L|K|T|W|E|[G|L|S|S|[H|[T|S|S|T|T|P|S G|N[A

Ror2 D(I|HS|R|[L|[R[A[W[GIN|JL|S|N|JY[N|[S|S|A[Q|T|S AlS

TrkB N|I|HT|L|L|Q(N|L|A|K|A|S|P|V|Y|L|G|*
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4.5.3 DNRK SIGNAL PEPTIDE

If the translational start site of Dnrk is incorrect, the signal peptide will also be
wrong. A comparison between the two possible signal peptides of Dror2 (Table
3.3, Table 3.4) showed that SP2 was a better signal peptide compared to SPI.
Thus, although the first in-frame ATG is a much better match to the consensus
translation start site than the second. it is possible that translation may begin at the

second ATG because SP2 is a better match to a consensus signal peptide.

4.5.4 EXPRESSION OF DNRK

4.5.4.1 Northern Blot Analysis

Oishi et al. (1997) performed Northern Blot analysis successfully from total RNA
isolated from a range of developmental stages using radioactively labelled Dnrk
(the whole ORF) as the probe. Expression was detected at high levels in 4-22 hour
old embryos, larva and pupa. The highest level of expression was in the larva
where restructuring of the nervous system is occurring. No expression was seen in
adults, contradicting the results seen in Dror2 analysis. Northern Blot analysis of
Dror2 showed expression only in female adults, but 3' RACE revealed some
expression at all stages of development including adult flies. RT-PCR is very
sensitive, but not quantitative under conditions employed. Thus, the Northern blots
may give a better estimate of the relative abundance of Dror2 RNA during
development. That I detected expression only in female adults may have been due
to the amount of RNA loaded in that lane as indicated by the strong signal of rp49
(see Figure 3.18). Oishi et al. (1997) didn’t show the rp49 hybridisation control in
their results, but if the signal was not consistent in all stages (it was indicated that
pupae showed less expression) then hybridisation may not have been detected in

the adult stages.
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4.5.4.2 In situ hybridisation to whole mount embryos

Oishi et al. (1997) performed in situ hybridisation successfully, no specific
expression was observed in stages before germ band elongation. At Stage 10, weak
expression was detected in the ventral area of the germ band, this expression
became stronger at Stage 11. At this stage expression was limited to the layer of
neural progenitor cells between the epidermal and mesodermal cell layers. This
restricted expression was constant throughout the remainder of embryogenesis,
solely in the neural cell lineage, resulting in expression in the brain and ventral
nerve cord. At Stage 17, expression was also seen in cells corresponding to the

peripheral nervous system.

These results revealed expression exclusively in the nervous system during
embryogenesis. This was identical to Dror expression (Wilson et al., 1993),
strengthening the probability of a role in the nervous system in the developing
embryo. Due to the delayed expression, the role of Dnrk and Dror may involve
organisation of the differentiated cells of the nervous system, both in the peripheral
and central cell lines. These receptors may also play a role in the later processes of
neuronal cell survival as expression is seen throughout embryogenesis and

subsequent developmental stages.

4.5.5 TYROSINE KINASE ACTIVITY

In vitro kinase analysis was performed on Dnrk to study the protein kinase activity,
this showed that Dnrk did possess tyrosine kinase activity. Expression of HA-
tagged cytoplasmic domains of Dnrk was examined to reveal which ATP-binding
motif was required for the kinase activity. It was revealed that the proximal ATP-
binding motif on its own is sufficient for the catalytic activity, but the distal motif

may be required for full activity of Dnrk. In situ hybridisation to salivary gland
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chromosomes revealed that Dnrk maps to the 49f region on the right arm of the

second chromosome.

4.6 POSSIBLE FUNCTION OF ROR-TYPE RTKS

The Ror genes in mammals are expressed early during embryogenesis and
expression decreases dramatically at later stages of embryonic development
(Masiakowiski and Carroll, 1992). In Drosophila. both Dror and Dror2 (Dnrk) are
specifically expressed in the developing nervous system. In contrast to this
expression, trkB expression is low at the earlier stages of development and
increases in the later stages of embryonic development (Klein et al., 1990). This
differing expression pattern may reveal differing roles for the Trk and Ror

subfamilies of RTKs.

The muscle-specific RTK MuSK. related structurally to the Ror family, is
specifically expressed in early myotomes and developing muscle and becomes
localised to the neuromuscular junction upon muscular maturation (Valenzuela et
al., 1995). Recently it has been demonstrated that a targeted disruption of the
MuSK gene in mice leads to profound defects in the formation of neuromuscular
junctions (Glass et al., 1996; DiChiara et al., 1996). These discoveries reveal a
critical role of MuSK in synapse formation at neuromuscular junctions and as this
gene is related to the Ror family, it is conceivable that these RTKs may also play

an important role in synapse formation in the nervous system.

4.7 FUTURE EXPERIMENTS

4.7.1 CONFIRMATION OF C-TERMINAL OF DRORZ2

As the TATA box identified did not match well to the consensus sequence, the C-

terminal of Dror2 will need to be confirmed. To do this SI nuclease protection
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and/or primer extension will be performed. The gene regulation of this promoter

may also be examined..

4.7.2 EXPRESSION OF DROR2

If this project continues in situ hybridisation will be attempted again as Oishi ez al.
(1997) showed it can be done successfully. All techniques will be analysed and

compared to procedures undertaken by Oishi er al. (1997).

4.7.3 ISOLATION OF MUTATIONS

A future goal may be to look at isolating mutations in the Dror2 gene. Dror -/-
mutants develop normally (Wilson, personal communication). It is possible that
Dror2 and Dror are functionally redundant as they have similar extracellular
domains and are expressed in the same cells. If this is the case, Dror2 -/- mutants
would also develop normally, but Dror -/-, Dror2 -/- double mutants may disrupt

development of the nervous system.

The gene product of Dror2 may be required for development of certain neurons.
Though a number of genes have been identified as important for the development
of the nervous system, many other essential genes have yet to be isolated. For
example, the daughterless gene is a proneural gene involved in the transcriptional
regulation of the sensory organ formation in the PNS. Loss of function mutations
in the daughterless gene in Drosophila leads to a decreased number of sensory

organ precursors (Caudy et al., 1988).

Another goal would be to identify factors that control tissue specific expression of
Dror2. Promoter fusions would be constructed to reporter genes. Analysis would
be carried out on these reporter fusions, for example promoter deletions, to identify

DNA sequences needed for normal expression of neurons. Another way to



135

examine factors controlling expression would be to look at the expression of
reporter constructs to Drosophila loss of function mutants. In particular, mutations
in genes known to be required for the correct formation of the nervous system

would be examined.
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APPENDIX

Table of 133 Drosophila clones sequenced from a variety of primer combinations

CLONE DNA PRIMER | PRIMER | EXPECTED SIZE SEQUENCE
NUMBER | USED 1 2 SIZE OBSERVED

1 Embryo DOI D02 150bp 170bp Dsrc28C
cDNA

2 Embryo DOl DO2 150bp 170bp FGF-R
c¢DNA

3 Embryo DOl D02 150bp 170bp Dsrc28C
cDNA

4 Adult 9474 9476 150bp 180bp Dsrc28C
cDNA

5 Genomic DOI DO2 150bp 150bp FGF-R
DNA

6 Genomic DOl D02 150bp 150bp FGF-R
DNA

7 Embryo DO1 D02 150bp 150bp Dsrc28C
cDNA

8 Embryo DO1 D02 150bp 150bp FGF-R
cDNA

9 Embryo DOIR Dtkl 410bp 480bp Nothing
cDNA relevant

10 Embryo DOIR Dtkl 410bp 480bp Same as 9
cDNA

11 Embryo DO1 Dtk3 225bp 225bp Dsrc28C
cDNA

12 Embryo DOl Dtk3 225bp 250bp Nothing
cDNA relevant

13 Embryo Dtk Dtk3 618bp 225bp Dsrc28C
cDNA 410bp

14 Genomic DO1 Dtk3 225bp 300bp Forward short
DNA nothing

15 Embryo DO1 Dtk3 225bp 240bp Dsrc28C
cDNA

16 Embryo DOl Dtk3 225bp 225bp Leave
cDNA

17 Embryo Dtkl Dtk3 618bp 220bp Dsrc28C
c¢DNA 410bp

18 Embryo Dtkl Dtk3 618bp 220bp ~ Dsrc28C
cDNA 410bp

19 Genomic DOl Dtk3 225bp 310bp Same as 14
DNA

20 Genomic DO1 Dtk3 225bp 250bp Forward short
DNA nothing
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CLONE DNA PRIMER | PRIMER | EXPECTED SIZE SEQUENCE
NUMBER | USED 1 2 SIZE OBSERVED
21 Genomic DOl Dtk3 225bp 250bp Nothing F or R
DNA short
22 Genomic Dtk2 DO3 350bp 400bp Nothing
DNA relevant
23 Genomic DOl Dtk3 225bp 350bp Same as 14
DNA
24 Genomic DOl Dtk3 225bp 350bp Same as 14
DNA
25 Genomic DOI Dtk3 225bp 350bp Same as 14
DNA
26 Genomic DO1 Dtk3 225bp 350bp Same as 14
DNA
27 Genomic DOl Dtk3 225bp 350bp Same as 14
DNA
28 Genomic Dtk2 DO3 350bp 410bp Dorsal
DNA
29 Embryo DOl Dtk3 225bp 225bp Forward short
cDNA nothing
30 Embryo DO1 Dtk3 225bp 260bp Leave
cDNA
31 Embryo DOl Dtk3 225bp 260bp Leave
cDNA
32 Embryo DO1 Dtk3 225bp 240bp Nothing
cDNA relevant
3 Embryo DOl Dtk3 225bp 240bp Dsrc28C
cDNA
34 Embryo Dtk] Dtk3 618bp 450bp Leave
cDNA
35 Embryo Dtkl Dtk3 618bp 450bp Dsrc28C
cDNA
36 Embryo Dtkl Dtk3 618bp 450bp Dsrc28C
cDNA
37 Embryo Dtkl Dtk3 618bp 225bp Dsrc28C
cDNA 450bp
38 Embryo Dtkl Dtk3 618bp 450bp Dsrc28C
cDNA
39 Embryo DOl DO3 200bp 240bp Forward short
cDNA nothing |
40 Genomic DO1 DO3 200bp 240bp Forward short
DNA nothing
41 Genomic DOl DO3 200bp 240bp Forward short
DNA Faint nothing |
42 Genomic DOI DO3 200bp 240bp Forward long
DNA Faint nothing
43 Genomic DO1 DO3 200bp 240bp Aligned AA:
DNA TRKA rat NGF
44 Genomic DO1 DO3 200bp 240bp Nothing
DNA relevant
45 Genomic DOI D03 200bp 240bp Forward short
DNA Faint nothing
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CLONE DNA PRIMER | PRIMER | EXPECTED SIZE SEQUENCE
NUMBER | USED 1 2 SIZE OBSERVED
46 Embryo DO1 DO3 200bp 240bp Leave
cDNA
47 Embryo DOl DO3 200bp 240bp Aligned AA:
cDNA FAK
48 Embryo DO1 DO3 200bp 240bp Forward long
cDNA nothing
49 Embryo DO1 DO3 200bp 240bp Dsrc28C
cDNA
50 Embryo DOI DO3 200bp 240bp Dsrc28C
cDNA
51 Adult DO1 DO3 200bp 240bp Aligned AA: Srk
cDNA gene
52 Adult DOl DO3 200bp 240bp Drosophila
cDNA Faint sequence leave
53 Adult DOl DO3 200bp 220bp Transposon
cDNA HBI
54 Genomic DOl DO3 200bp 260bp Forward short
DNA nothing
55 Genomic DOI D03 200bp 240bp Drosophila
DNA sequence leave
56 Genomic DOl DO3 200bp 260bp Forward short
DNA Faint nothing
57 Embryo DOl DO3 200bp 240bp Forward short
cDNA nothing
58 Embryo DOl DO3 200bp 240bp Aligned AA: Fak
¢DNA Mouse /Human
59 Embryo DOl DO3 200bp 260bp Forward short
cDNA nothing
60 Embryo DOl DO3 200bp 260bp Aligned AA
cDNA Eph/ech receptor
61 Embryo DOI DO3 200bp 280bp Forward short
cDNA nothing
62 Adult DOl DO3 200bp 260bp Drosophila
cDNA sequence leave
63 Adult DOl DO3 200bp 240bp Copia like
cDNA transposon
64 Adult DOI1 DO3 200bp 225bp Hopscotch
cDNA
65 Adult DOl DO3 200bp 260bp Nothing
cDNA relevant
66 Adult DOI DO3 200bp 255bp Forward short
' c¢DNA nothing
67 Adult DOI DO3 200bp 255bp Mouse focal
c¢DNA adhesion kinase
68 Adult DO1 DO3 200bp 260bp Mouse focal
¢DNA adhesion kinase
69 Genomic DO1 D03 200bp 240bp Leave
DNA Faint
70 Genomic DOI D03 200bp 225bp Mouse focal
DNA adhesion kinase
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CLONE DNA | PRIMER | PRIMER | EXPECTED SIZE SEQUENCE
NUMBER | USED 1 2 SIZE OBSERVED

71 Genomic DOI1 D03 200bp 240bp Forward short
DNA nothing

72 Genomic DOI DO3 200bp 260bp Nothing
DNA relevant

73 Genomic DOl D03 200bp 240bp Drosophila
DNA sequence leave

74 Genomic DO1 D03 200bp 260bp Forward short
DNA faint nothing

75 Embryo DO1 DO3 200bp 260bp Forward short
cDNA faint nothing

76 Embryo DOl D03 200bp 260bp Leave
cDNA

77 Adult DOl D03 200bp 260bp Forward short
cDNA nothing

78 Genomic DOI DO3 200bp 240bp Forward short
DNA nothing

79 Genomic DO1 DO3 200bp 240bp Same as 78
DNA

80 Embryo DOl DO3 200bp 260bp Forward short
cDNA nothing

81 Embryo DOl DO3 200bp 260bp Same as 80
cDNA

82 Embryo DOl D03 200bp 240bp Mouse focal
cDNA adhesion kinase

83 Adult DOl DO3 200bp 260bp Nothing
cDNA relevant

84 Adult DOl DO3 200bp 260bp Dror
cDNA

85 Adult DO1 D03 200bp 260bp Mouse focal
cDNA adhesion kinase

86 Adult DOl DO3 200bp 240bp Mouse Focal
cDNA adhesion kinase

87 Genomic DOl D03 200bp Very faint Forward short
DNA nothing

88 Embryo DO1 D03 200bp Very faint Nothing
cDNA relevant

89 Adult DO1 DO3 200bp Very faint D-ret
cDNA

90 Adult DOI DO3 200bp Very faint hopscotch
cDNA

91 Adult DOl DO3 200bp Very faint Forward short
cDNA nothing

92 Genomic DOl DO3 200bp 200bp Forward short
DNA nothing

93 Genomic DO1 DO3 200bp 200bp Nothing
DNA relevant

94 Genomic DO1 D03 200bp 200bp Forward short
DNA nothing

95 Genomic DOl DO3 200bp 200bp Drosophila
DNA sequence leave
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CLONE DNA PRIMER | PRIMER | EXPECTED SIZE SEQUENCE
NUMBER | USED 1 2 SIZE OBSERVED
96 Genomic D01 DO3 200bp 200bp Forward short
DNA nothing
97 Embryo DOI DO3 200bp Very faint Nothing
cDNA relevant
98 Embryo DOl DO3 200bp 220bp Leave
cDNA unclear sequence
99 Embryo DOl DO3 200bp 220bp Nothing
cDNA relevant
100 Embryo DOI DO3 200bp Very faint Nothing
cDNA relevant
101 Embryo DO1 DO3 200bp 220bp Forward short
cDNA nothing
102 Adult DO1 DO3 200bp 260bp Nothing
cDNA relevant
103 Adult D01 DO3 200bp 250bp Stk gene
cDNA
104. Adult DO1 DO3 200bp 210bp Forward short
cDNA nothing
105 Adult DOl DO3 200bp 240bp Nothing
cDNA relevant
106 Adult DO1 DO3 200bp 250bp Leave
cDNA unclear sequence
107 Adult DOl DO3 200bp 200bp Nothing
cDNA relevant
108 Genomic DO1 DO3 200bp 220bp Nothing
DNA relevant
109 Genomic DOl DO3 200bp 220bp Nothing
DNA relevant
110 Genomic DO1 DO3 200bp 240bp Nothing
DNA relevant
111 Genomic DO1 D03 200bp 200bp Nothing
DNA relevant
112 Genomic DOl DO3 200bp 220bp Forward short
DNA nothing
113 Genomic DOl DO3 200bp 240bp Forward short
DNA Faint nothing
114 Embryo DOl DO3 200bp 220bp Ech/eph
¢DNA receptor
115 Embryo DO1 DO3 200bp 220bp Nothing
cDNA relevant
116 Embryo DOl DO3 200bp 220bp Nothing
cDNA Faint relevant
117 Embryo DOl DO3 200bp 220bp Forward short
cDNA Faint nothing
118 Embryo DO1 D03 200bp 220bp Nothing
cDNA Faint relevant
119 Embryo DOl DO3 200bp 220bp Nothing
cDNA relevant
120 Adult DO1 DO3 200bp 240bp Nothing
cDNA relevant
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CLONE DNA PRIMER | PRIMER | EXPECTED SIZE SEQUENCE
NUMBER | USED 1 2 SIZE OBSERVED

121 Adult DO1 DO3 200bp 240bp Forward short
cDNA nothing

122 Adult DOI1 DO3 200bp 220bp Nothing
cDNA relevant

123 Adult DOI DO3 200bp 240bp Eph/ech
cDNA receptor

124 Adult DO1 DO3 200bp 240bp Eph/ech
cDNA Faint receptor

125 Adult DO4 DO3 170bp 100bp Forward short
cDNA 80bp nothing

126 Adult DO4 DO3 170bp 170bp Eph/ech
cDNA receptor

127 Adult DO4 DO3 170bp 175bp Eph/ech
cDNA receptor

128 Adult DO4 D03 170bp 170bp Mouse focal
cDNA adhesion kinase

129 Adult DO4 DO3 170bp 170bp Mouse focal
cDNA adhesion kinase

130 Embryo D04 DO3 170bp 200bp Leave
cDNA

131 Adult D04 DO3 170bp 200bp Mouse focal
cDNA adhesion kinase

132 Embryo DO4 DO3 170bp 200bp Mouse focal
cDNA adhesion kinase

133 Adult DO4 DO3 170bp 200bp Mouse focal
cDNA adhesion kinase
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