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Chapter 4

Discussion

PALS (Proteins Associated with Lin-7) were originally identified in mouse as
additional binding partners to VELI, a protein that functions with CASK and MINT1 as a
scaffolding complex in neuronal and epithelia cells. Since the VELI/CASK/MINT1
complex is conserved across C. elegans, mammals and Drosophila, the identification of
PALS orthologs could provide insight of their function and determine if the multiple
binding partners function together within the same cell, in a distinct sequential order or in
a competitive manner. The PALS1 Drosophila ortholog has been identified as Stardust, a
protein involved in establishing and maintaining epithelial polarity. Since a PALS2
ortholog had not been discovered, the main focus of this thesis was to identify and
characterize a Drosophila ortholog.

Two genes, CG9326 and CG13219 (MacMullin, 2001), now known as Skiff
(Drysdale et al., 2005) were identified as potential Drosophila orthologs to mammalian
PALS2. Both CG9326 and Skiff showed 39% identity and contained the same domain
structure of an L27 domain, a PDZ domain, a SH3 domain and a GUK domain. We
selected CG9326, which we have termed dPALS2, as the potential PALS2 ortholog
(MacMullin, 2001). The chromosomal location of dPALS?2 was determined to be

21.38E10 (Drysdale et al., 2005).
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Since very little is known about mammalian PALS2, the objective was to
characterize Drosophila PALS2 by comparing homology of the protein to known

orthologs and by analyzing RNA and protein expression patterns.

4.1 Identification of one Drosophila PALS2 transcript — transcript ¢ confirmed the
sequence of cDNA, where the 5° UTR encodes an L.27 domain:

Originally there was only one dPALS2 transcript predicted by Flybase when the
Drosophila genome was fully sequenced (Drysdale et al., 2005). This dPALS2 protein
encoded an L27 domain, a PDZ domain, an SH3 domain and a GUK domain (Appendix
9). Later, Flybase predicted three dPALS2 transcripts (denoted b, ¢, and d) where all
three contained a PDZ domain, an SH3 domain and a GUK domain while the L27
domain was no longer present in the predicted protein product because it was encoded in
the 5’UTR (Drysdale et al., 2005). Transcript b and ¢ produced the same protein product
and transcript d produced a different protein product due to a 21 amino acid absence
between the PDZ and SH3 domain.

5’ RACE completed by Katie Moyer identified only one dPALS2 transcript,
which matched transcript ¢, and confirmed the L27 domain was not part of the protein
product because it was encoded in the 5’UTR. An RNA i situ hybridization was
performed, using a DIG labeled probe for the .27 domain of dPALS2 transcripts, and
showed no visible expression in embryonic or larval tissues for dPALS2 .27 domain.
This conflicts with the results seen in the 5> RACE, since the in situ hybridization should

have detected the L27 domain even if it was located in the 5 UTR. It is possible the L.27
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probe, which was 180bp in length, was not long enough to detect dPALS2 1.27
transcripts. The recommended length for DIG labeled probes for in situ hybridization is
100-300bp, however it is possible a longer probe is required for detecting rare transcripts
(Roche Diagnostics).

DIG labeled Northern Blot analysis was performed to verify the results of 5°
RACE and to confirm the number of dPALS?2 transcripts and their approximate sizes.
Critical parameters of the northern blot were altered and tweaked to optimize protocol
conditions. Total RNA extracts from all stages of Drosophila development were utilized
in the first attempts, but eventually mRNA was used to increase the likelihood of
detecting dPALS?2 transcripts. The concentration of DIG labeled RNA probe was
increased to a maximum of 100ng/ml and the temperature for hybridization was reduced,
in order to increase the efficiency of probe binding. Each and every step of the procedure
was carefully analyzed and followed to ensure experimental error was not the reason for
failure. However after multiple attempts the northern blot produced inconclusive results.
It is possible dPALS?2 transcripts are rare and DIG labeling is not sensitive enough.
Perhaps a radioactive labeled northern blot should be attempted.

This poses a puzzling question of why a recognized protein binding domain, that
is functionally present in all orthologs of dPALS2 would be encoded in the DNA but not
transcribed into protein. The L27 domain was initially shown to be necessary for binding
Lin-7 to PALS (proteins associated with Lin-7) proteins, allowing their other binding
domains (PDZ, SH3, GUK) to associate with other proteins to build scaffolding

complexes. Many proteins with L27 domains exhibit high diversity in terms of location,
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copy number and primary sequence. However the primary role of L27 domains are to
form and maintain multiple protein complexes (Li ef al., 2004; Feng et al., 2004).
Mammalian PALS2, Mammalian PALS1 and its Drosophila ortholog Stardust all contain
L27 domains with conclusive data showing their association with LIN-7/dVELI via their
L27 domains (Kamberov et al., 2000). Then why would the Drosophila ortholog of
mammalian PALS2, dPALS2, not contain an L.27 domain? Especially considering a
recent mass Yeast two-hybrid screen identified a direct interaction between dPALS2 and
dVELI (CG7662). A group of researchers from CuraGen Corporation, Wayne State
University and Yale University used all known or predicted transcripts of Drosophila
melanogaster (10 623 in total) against DNA libraries and produced a draft map of 7048
proteins and 20 405 interactions (Giot et al., 2003). dPALS2 was also shown to interact
with putative genes, CG9097 (babl), CG8288 (mRpL3), CG5273 and CG12019 (Cdc37),
however the interactions identified in this map may not be entirely accurate (Appendix
10). For example, dVELI is known to interact with Stardust and Camguk, the Drosophila
ortholog of CASK, and yet the map does not identify them as potential interacting
proteins. dVELI and babl (bric-a-bracl), a transcription factor involved in proximal-
distal patterning (Godt, 1993), both show high to moderate confidence of protein
interaction with dPALS2, while the other putative genes show moderate to low
interaction confidence (Giot et al., 2003). Unfortunately it can not be confirmed that
dPALS?2 is interacting with dVELI via L27 dimerization because the data does not

identify the binding domains involved in these interactions.
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The question that still remains then if dPALS2 does not contain an L.27 domain
how is it interacting with dVELI? It is possible that over time, evolution has eliminated
the need for a functional L27 domain in Drosophila PALS2. Upon analysis of the
predicted dPALS?2 transcripts, multiple start sites (AUG) for transcription were identified
in the 5” UTR with stop codon sequences immediately following. The actual start site
for dPALS? transcription is not until after the L27 domain and before the PDZ domain.
Therefore it is possible over time, evolution has produced dPALS2 protein without a
functional L27 domain, while proteins like Stardust and Skiff still require an L27 domain
for proper function. Perhaps a dPALS2 protein with an L27 domain exists and we have
not identified it yet, or dPALS2 and dVELI are interacting by way of another protein or
protein binding domain (PDZ homodimerization), or dPALS2 does not interact with
dVELI at all. The only conclusion we can confidently state is that JPALS2 definitely
produces at least one transcript — transcript c, where the 5° UTR encodes an L27 domain.
However further research must be continued to verify the number of dPALS?2 transcripts

and to confirm whether or not an L.27 domain exists in the functional protein product.

4.2 PALS?2 is conserved in Drosophila melanogaster:

When homology was compared across a variety of species, dPALS2 showed a
36% amino acid identity with mammalian PALS2 (M. musculus and H. sapiens).
dPALS?2 was also compared to the recently annotated genomes of 4. mellifera
(honeybee) and 4. gambiae (mosquito) which showed a 47% and 54% amino acid

identity, respectively. The overall domain structure of dPALS2 is the same in the other
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known PALS?2 orthologs with a single PDZ domain, SH3 domain and GUK domain.
These domains are fairly well conserved from Drosophila to the PALS2 proteins of other
species, with the amino acid identity ranging from 46-74% for the PDZ, 46-73% for the
SH3 and 42-72% for the GUK. The L27 domain encoded in the 5> UTR of dPALS2 was
compared to the L27 domains (L27N and L27C) of other known PALS2 orthologs, and
found to be more similar to the L27C (26-48%) than to the L27N (7-11%). It is unusual
that the JPALS2 L27 domain is not part of the protein product when the percent identities
show it is fairly conserved. Drosophila PALS?2 appears to be more similar to 4. gambiae
since its overall amino acid identity is the highest, it contains only one L27 domain and
each domain structure is highly conserved. Thus the similarities observed between

dPALS and its orthologs suggest a conserved function.

4.3 Drosophila PALS?2 is expressed in epithelia of embryonic tissues:

Once Drosophila PALS2 was identified and characterized, the goal was to
analyze RNA and protein expression patterns throughout Drosophila development.
Embryonic RNA in situ hybridization showed the spatial distribution of dPALS2 as a
transverse striped pattern in the epithelia. dPALS2 expression first appeared around stage
10-11 and remained consistent until stage 15-17. Along with the striped pattern there
was also strong dPALS2 expression in the hindgut in stage 10-14 embryos. Larval RNA
in situ hybridization showed no specific dPALS2 distribution in the central nervous
system (CNS) or imaginal discs. It would be expected that if dPALS2 transcripts were

expressed in the epithelia then dPALS?2 distribution would be visible in imaginal discs
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since they are primordial cells for adult epithelia. Though it is possible dPALS2
transcripts are expressed at very low levels in larval tissues and can not be detected.
dPALS?2 protein distribution was similar to the striped pattern observed in RNA in
situ hybridization and thus supports the function of dPALS2 in epithelia cells. dPALS2
protein expression began at stage 13 and remained consistent until stage 17 as a
transverse striped pattern in the epithelia, however dPALS2 was undetected in the
hindgut of the embryo where in situ hybridization showed RNA expression. DPALS2
protein was also undetectable in the CNS or imaginal discs of larval tissues. Western blot
analysis detected a 54kDa band corresponding to dPALS2 in embryonic and adult stages
of development. There was no protein detected in the larval stages. It is possible as
mentioned before that dPALS2 protein is expressed at very low levels and can not be
detected. The expression pattern of dPALS2 implies a role in the epithelia, possibly
involved in cell adhesion or cell polarity, similar to that of the mammalian orthologs or

segment polarity (Roh et al., 2002; Shingai et al., 2003).

4.4 Drosophila PALS2 may play a role in Segment Polarity:

Since dPAL2 appeared as a transverse striped pattern in the epithelia, it was
suggested that dPALS2 might be involved in establishing the segments of the developing
fly, since its expression pattern resembled that of segment polarity genes, wingless and
engrailed. Segment polarity genes mediate the required cell interactions to establish
segment borders, control the anterior-posterior patterning within each segment, and

maintain parasegment boundaries by activating cell adhesion molecules during
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Drosophila development (Bejsovec and Wieschaus, 1993; Bhat, 1999; Sanson, 2001).
Segmentation involves the progressive subdivision of the anterior/posterior axis by the
gradient expression of transcription factors from the maternal, gap, pair-rule and segment
polarity genes (Ingham and Martinex Arias, 1992; St. Johnston and Nusslein-Volhard,
1992). The expression pattern of segment polarity proteins are induced and defined by
the pair-rule gene products, which are responsible for the establishment of the
parasegments. Each segment is comprised of the posterior compartment of one
parasegment and the anterior compartment of the adjacent parasegment (DiNardo et al.,
1994; Sanson, 2001).

The major signaling proteins, Wingless and Hedgehog, are produced at the
boundary between the anterior and the posterior compartments to maintain and organize
the pattern within each segment. Wingless is secreted by cells in the posterior
compartment of each parasegment to induce the secretion of Hedgehog from the adjacent
anterior compartment. Hedgehog then acts in a positive feed back loop by inducing
Wingless expression and secretion from the posterior compartment (Sanson, 2001). As
well as acting on the immediately adjacent cells to maintain the signaling loop, both
proteins also diffuse away from their source, establishing gradients over the remaining
cells of the parasegments. These gradients have the potential to act as morphogens, to
induce the expression and localization of other segment polarity proteins that play a role
in patterning the parasegments (Martinez Arias, 1993; Sanson, 2001). Thus segment
polarity proteins are expressed in a gradient as transverse stripes along the anteroposterior

axis of the embryo defining the parasegmental boundaries (Sanson, 2001).
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To investigate dPALS?2 as a potential segment polarity protein, the expression
patterns of dPALS2 and Engrailed were analyzed together by confocal imagery. dPALS2
was expressed in a gradient striped pattern throughout the entire epithelia while
Engrailed, a transcription factor also appeared in a striped pattern. Double labeling with
dPALS?2 and Engrailed antibodies showed similar striping patterns however Engrailed
was localized to the center (nucleus) of epithelial cells, while dPALS2 was localized to
the cytoplasm of the cell. The similar expression pattern of dPALS2 with Engrailed does
imply a potential role for dPALS?2 in segment polarity. It would be beneficial to analyze
the expression of dPALS2 in relation to other segment polarity proteins that are
expressed subcelluarly such as Shaggy or Fused.

Some segment polarity proteins such as F rizzle;i and Disheveled also function in
the planar cell polarity (PCP) pathway and the Wingless (Wnt/Wg) signaling pathway
(Barth et al., 1997; Mlodzik, 2002). The PCP pathway polarizes whole fields of cells
along the plane of epithelia. Proteins of the PCP pathway become asymmetrically
localized along the proximal — distal axis controlling cell fates and cell movements.
However almost all the research on PCP demonstrates this asymmetric localization in the
wing imaginal disc or the photoreceptors in the adult eye (Mlodzik, 2002). Since
dPALS?2 protein was undetectable in larval tissues, it is unlikely dPALS?2 is a protein

involved in the planar cell polarity pathway.

4.5 Drosophila PALS2 may play role in Cell Adhesion and/or Epithelia Polarity:

dPALS?2 is a MAGUK scaffolding protein expressed throughout the embryonic |
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epithelium. Sites of cell adhesion and the plasma membrane are rich in MAGUK
scaffolding proteins, which establish and maintain the structural specialization of the cell
membrane (Dimitratos ef al., 1999). Below I explore possible functions of dPALS2,
based upon what we know of the mammalian protein.

Mammalian PALS2 has been shown to co-localize with E-cadherin at adherens
junctions (AJ) (Roh et al., 2002). E-cadherin is a Ca®* dependent cell-cell adhesion
molecule that contains three domains, the cytoplasmic domain, the hydrophobic
transmembrane domain and the extracellular domain (Gooding et al., 2004). The
extracellular domain allows interactions with other cadherins, resulting in adhesive
activity. The cytoplasmic domain interacts with intracellular proteins § and o catenin,
which mediate the connections between cadherins and the actin cytoskeleton to regulate
cadherin adhesive activity (Gooding et al., 2004; Vasioukhin et al., 2000). Loss of
function mutants of E-cadherin and the catenins result in tissue disorder, cellular de-
differentiation and maliganancy (Humphries ef al., 1998; Takeichi, 1991).

Mammalian PALS2 has also been shown to directly associate with Nectin-like
Molecule-2 (Necl-2), a cell-cell adhesion molecule at extra-junctional regions of epithelia
cells (Shingai et al., 2003). Nectin-like molecules (Necls) were identified and designated
based on their similar domain structure to nectins (Ikeda ef al., 2003). Nectins are Ca**
independent cell-cell adhesion molecules that are indirectly associated with the cadherin-
catenin system and function in the organization of cell junctions (Aoki, et al., 1997;
Lopez et al., 1998; Takahaski et al., 1999). The nectin family interacts with Afadin, an

actin binding protein that connects nectin to the cytoskeleton (Takai and Nakanishi, 2003;
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Ozawa, 2002). Necl-2 does not bind Afadin but does directly bind the PDZ domain of
PALS2. Necl-2 directly binds actin associated band 4.1 protein DAL-1 suggesting Necl-
2 functions in cell-cell adhesion and transmembrane protein localization (Shingai et al.,
2003).

If mammalian PALS2 functions in cell adhesion, it is possible that loss of
function mutants would reveal overlapping phenotypes with cell adhesion mutants. The
human ortholog of PALS2, identified as VAM-1 (VELI associated MAGUK)/MPP6
(Multiple PDZ protein 6), may be a candidate tumor suppressor since its mapping to
human chromosome 7p15-21 is a region reported to demonstrate changes in Wilm’s
tumors (Tseng et al., 2001; Katoh and Katoh, 2004).

The cadherin-catenin complex is present in Drosophila and also functions in cell-
cell adhesion. The Drosophila orthologs of E-cadherin, B-catenin and a.-catenin have
been identified as DE-cadherin, armadillo and Drosophila a-catenin respectively and
form a complex at AJ similar to that of their mammalian counterparts (Gooding et al.,
2004). Since dPALS?2 appears to be expressed throughout the epithelia and is considered
conserved when compared to its orthologs, it is possible that dPALS2 may play a role in
cell adhesion. If this is the case, then dPALS2 would likely be associated with the DE-
cadherin/armadillo/Drosophila o-catenin complex at AJ. However it is possible dPALS2
may not be directly involved in cell adhesion but rather the maintenance of cell adhesion
through epithelia polarity.

Since PALS2 has been shown to co-localize with E-cadherin, which is a major

constituent of the AJ, it is possible PALS2 functions with cellular polarity proteins that
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establish and maintain the AJ. The formation of the AJ indicates the distinct apical and
basolateral membrane domains and thus developing epithelia polarity (Tepass and
Hartenstein, 1994; Tepass, 2002).

A number of conserved proteins (in both mammals and Drosophila) contribute to
the formation of AJ but are not actual AJ components such as E-cadherin and catenins.
The Crumbs/Stardust/PATJ, Bazooka/DmPar-6/DaPKC and Scribble/Dlg/Lgl complexes
are prominent regulators of AJ formation and epithelia polarity (Bachmann et al., 2001;
Hong et al., 2001; Roh et al., 2002). Baz, Crb, Scirb loss of function mutants not only
cause cell polarity defects but also incomplete AJ formation. If PALS2/dPALS?2 are
associated with cell polarity, it is possible that loss of function mutants would show
overlapping phenotypes with polarity mutants. Since dPALS2 is expressed throughout
the epithelia and is conserved when compared to its orthologs, it is possible dPALS2 may
function in establishing and/or maintaining cell polarity with the Baz, Crb and/or Scrib
complexes.

It would be beneficial to examine the expression pattern of dPALS?2 at a higher
resolution. Co-localization with apical markers such as members from the Crumbs and
Bazooka complexes, basolateral markers such as Discs large or Scribble or cell adhesion
markers such as DE-cadherin, will establish dPALS?2 expression with relation to other

epithelial markers to predict a possible function in the development of Drosophila.
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4.6 Direction of Future Research :

Since very little is known about PALS2 in both mammals and Drosophila, the
function of dPALS2 in Drosophila development must be speculated. Mammalian
orthologs of dPALS2 have been shown to associate with extra-junctional proteins E-
cadherin and Necl-2, implying a role in cell-adhesion and/or epithelial polarity, while the
expression data of dPALS?2 implies a definite role in the epithelia, possibly segment
polarity. It is essential to generate a dPALS2 mutant by P element mutagenesis, which is
currently being conducted in Dr. Jacobs’ lab, to determine its function and role in the
epithelia. If dPALS?2 is indeed involved in segment polarity, cell adhesion and/or cell
polarity, loss of dPALS2 function should result in segmentation defects, or epithelial cells
lacking adhesion to neighboring cells and/or undefined regions of apical and/or
basolateral domains. dPALS2 mutants should be labeled with segment and epithelial
polarity determinants and/or cell adhesion antibodies to observe any mislocalization or
decreased levels of polarity determinants or cell adhesion components.

Determination of dPALS2 function can also achieved by mis-expression or over-
expression of dPALS2 using a UAS-dPALS2 construct, which is also currently being
carried out in Dr. Jacobs’ lab. The UAS-GAL4 system is a tool used in Drosophila to
control the ectopic expression of genes to a specific set of cells (Brand and Perrimon,
1993). Itis expected that over-expression and/or mis-expression phenotypes of dPALS2
will give insight into its effects on cell-adhesion and/or cell polarity.

In addition, it is necessary to determine interacting partners of dPALS2 and how

they associate to identify the possible functions of dPALS2. A yeast two hybrid assay is
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currently in progress in Dr. Jacobs’ lab where dPALS? is used as bait against an adult
Drosophila cDNA library to examine possible protein interactions. The discovery of
dPALS2 binding partners will hopefully reveal more information about its function.

Finally Northern Blot analysis should be attempted again to verify the number of
dPALS?2 transcripts. Even though 5’RACE only identified one transcript, another
technique such as Northern Blot analysis could verify this finding.

Very little is known about PALS2 other than it may play a role in segmentation,
cell-adhesion and/or cell polarity. Since dPALS2 shows significant similarity to its
mammalian counterparts, it is hoped that further research will provide insight into its

function and purpose in establishing and maintaining the epithelia.
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Appendix 1: Oligonucleotide primers utilized in amplification regions of dPALS2
through RT-PCR. A table categorizes all primers used, the oligonucleotide sequences,
the region amplified and the length of the PCR product. The restriction enzyme cut sites
are illustrated in bold. All primers were manufactured at MOBIX at McMaster

University.



| Primer ID# (Name) Primer Sequence Region of Amplification | Product Length
Fwd PALSII probe 5" GAG GCG GACTAC Forward primer begins Primers were used to
GTT CTC GAC 3’ (Xhol) amplification at bp 574 of | amplify a region of
dpals2 cDNA. dpals2 cDNA without
Rev PALSII probe 5° CTG GTA TCT AGA Reverse primer begins conserved protein
ATGACCGCTCC 3 amplification at bp 833 of | domains for RNA in situ.
(Xbal) dpals2 ¢cDNA. Product length is 259bp.
Fwd L27 probe 5 CGC TCATCT GCA Forward primer begins Primers were used to
GAACAAGCCCATC 3° 255bp upstream of start amplify the L27 domain
(PstI) codon. in the 5'UTR of dpals2.
Product length is 180bp.
Rev L27 probe 5> GAT CCC CCG GCC Reverse primer begins 75
GCT TTAAGT C 3’ (Eagl) | bp upstream of start
codon.
Fwd AB 5’ GCA AGA TCT AGT Forward primer begins Primers were used to
GGA CGA CGA AAT AAT amplification at bp 249 of | amplify dpals2 cDNA
CAA G 37 (Bglll) dpals2 cDNA without the conserved
PDZ domain for protein
Rev AB 5’ GAT GAA TTC CGG Reverse primer begins induction. Product
TTG GAG CCCGTG G 3’ amplification at bp 1134 | length is 909bp.

(EcoRI)

of dpals2 of cDNA
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Appendix 2: The location of dPALS2 cDNA inserted into pBluescript KSII multiple
cloning site. A 259 base pair region of dPALS?2 that lies between the SH3 and GuK
domain was cloned into pBS KSII at Xball and Xhol restriction sites. The T7 and T3
promoters within the pBS KSII were used for sequencing as well as the creation of DIG

labeled sense and anti-sense RNA probes for in situ hybridization.



pBluescript KSII (+/-) Muliple Cloning Site

Kpnl  Xhol Clal EcoRV  Pstt  BamHI Xbal Eagl Sacll

- Apal Sall HindIlI EcoRI Smal  Spel Notl BstXI Sacl _

T7 promoter T3 Promoter

127 PDZ SH3 GuK "
5 )

ATG TAC
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Appendix 3: The L27 domain (located in the 5’ UTR) of dPALS?2 inserted into
pBluescript KSII multiple cloning site. A180 base pair region in the 5> UTR of
dPALS? that codes an L27 protein domain was cloned into pBS KSII at Kpnl and Xball
restriction sites. The T7 and T3 promoters within in pBS KSII were used for sequencing
as well as the creation of DIG labeled sense and anti-sense RNA probes for in situ

hybridization.



pBluescript KSII (+/-) Muliple Cloning Site

T7 promoter T3 Promoter
EEmbE Kpnl  Xhol Clal EcoRV Psti  BamHI Xbal Eagl Sacll .

Sall HindIll EcoRI Smal Spel otl BstXI Sacl _

3 GuK SH3 PDZ La7 o

TAA ATG
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Appendix 4: The location of dPALS2 cDNA inserted into pET29b+ multiple cloning
site for dPALS2-His fusion protein construct. A 909 base pair region of dPALS?2 that
begins immediately after the PDZ domain and finishes at the end of the GUK domain
was cloned into pET29b+ at the EcoRI and BgllI sites. This construct was used to induce

protein expression for antibody production.



pET-29b(+) Multiple Cloning Site

Xbal NspV Kpnl EcoRV EcoRI Sall Notl Bpul102I

- T7 Promoter | Lac operator | l | His Tag ‘ T7 Terminator-
B Ndel Bglll Ncol BamHI SacN HindIIl Xhol - ——
127 PDZ SH3 GuK
5 3°
l

ATG TAC
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Appendix 5: Drosophila PALS?2 genomic structure. dPALS? is located on the left arm
of the 2™ chromosome at 38E10. The genomic structure contains six introns (indicated
by black lines) and seven exons, all varying in size. A region within the 5’UTR was
included to show the location of the L.27 domain. Protein domains within the exons are
color coded. Pink =127 domain, Yellow =PDZ domain, Green = SH3 domain, Purple =

GuK domain. The dPALS2 protein is illustrated at the bottom.



-750 -600 -450 -300 -150 O 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800 1950 2100 2250 base
pair

\/ ATG TAC

L27 PDZ SH3 Guk

ATG TAC
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Appendix 6: Nucleotide sequences of the three predicted transcripts of Drosophila
PALS?2. There are three predicted transcripts dPALS2, designated by flybase as b, ¢, and
d. All transcripts contain a PDZ (purple), SH3 (blue) and GuK (red) domain within the
cDNA and also contain an L.27 domain (green) in the 5’ UTR. The L27 domain appears
to not be translated due to stop codons (orange) located at —606, -423 and -303 in
transcripts b and d and —465, -417, and —330 in transcript c. The multiple start codons in
the 5° UTR are marked in pink. The actual start site for dPALS2 transcription is located
after the L27 domain and before the PDZ domain (dark red). Transcripts b and d differ
from transcript ¢ in the 5’UTR due to the presence of variable splice sites. The 5 UTR
of transcript c is shorter than transcript b and d. However the cDNA of transcript b and ¢
is identical and differ from transcript d by a 63 nucleotide absence between the PDZ and
SH3 domains. Therefore the cDNA of transcript b and ¢ is 1407 base pairs in length and

the cDNA of transcript d is 1344 base pairs in length.



Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcripte

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

AGTTAGCCTCTTTCTCACAAACAAGTCGGTTGTTTTTGCGCTGTTGGAGGAGT
AGTTAGCCTCTTTCTCACAAACAAGTCGGTTGTTTTTGCGCTGTTGGAGGAGT

GAAATTCTTAGCCGCGCTATTGTTTTTGTTGTTTGCGTGGCGTTGTGTTTATA
GAAATTCTTAGCCGCGCTATTGTTTTTGTTGTTTGCGTGGCGTTGTGTTTATA

ACAATAACRAACAAGTGATTATCACTGGAAGACATGTTCTGTTCAAGTAGCTAA
ACAATARCAACAAGTGATTATCACTGGAAGACATGTTCTGTTCAAGTAGCTAA

GCAT GCTGGC GAAAAAAARACACAAGGGTTATAACCCTTTTTTGGCCG
GCAT GCTGGC GAAAAAAARACACAAGGGTTATAACCCTTTTTTGGCCG

ARATACGAGACTGTCCTCCGGGGTTACTTCATTCGGTCTGTTATTTTGGCCAC
AAATACGAGACTGTCCTCCGGGGTTACTTCATTCGGTCTGTTATTTTGGCCAC

CTCCCAGTTCCTTCARAATGGTTCGGTGGAGCGCGCGGTCGCGGCGCCAAGCT
CTCCCAGTTCCTTCAARAATGGTTCGGTGGAGCGCGCGGTCGCGGCGCCAAGCT

___________________________________________________ G
CGCCAGGATARAGTGGAGCTATTGGCCAGARACAACARRG GCGAGGA
CGCCAGGATAAAGTGGAGCTATTGGCCAGAAACAACAAAG GCGAGGA

CTTGGCTCACGCGGAGCTTTTTTCACGG—-—-CAAGCCAGCGGCAAGCGA-—-A

CGATACCTCCGATAACGCCGCCTTTCGCAACTCGACTGACCTATCCGACCACG
CGATACCTCCGATAACGCCGCCTTTCGCAACTCGACTGACCTATCCGACCACG
c GCAGCAAACAAAGCTAGC-——————— CCTAACTTGCTCACTAGCTCTCG

AGATCTTCCTCAAGGGATTGCTGCGTAGTAACTCCAACACGCCCCACAAG
AGATCTTCCTCAAGGGATTGCTGCGTAGTAACTCCAACACGCCCCACAAG
CCGE—==CTTGCTTCCA CTCGTGAGTCAGTTA-———————— GTTGCGAACA

GAAC TGGCAACTGAATCCGACCGAGCCGCAGCCAGTGCCACTATTCCTGC
GAAC TGGCAACTGAATCCGACCGAGCCGCAGCCAGTGCCACTATTCCTGC
GTGCTAA————— GCTGAATCCGACCGAGCCGCAGCCAGTGCCACTATTCCTGC

CCGCTCATCTGAACRACAAGCCCATCTGCGACGACATCATCCGCRAGTTCTCA
CCGCTCATCTGAACRACARGCCCATCTGCCGACGACATCATCC ARGTTCTCE
CCGCTCATCTGAACRALUAR CATCTGCGACGACAT

SCTGCCGGGGGATCCACCAGCCAACTAGAGATCGCCAGCCAAC
I (CUTGCCGGGGGATCCACCAGCCAACTAGAGATCGCCAGCCAAC
CTTRARGUTGCCGGGGGATCCACCAGCCAACTAGAGATCGCCAGCCAAC




Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcriptc

Transcriptb
Transcriptd
Transcripte

Transcriptb
Transcriptd
Transcripte

GCCAAACGGGAGGCTACCTGTTCACCGAGGACGTCCTCAACACCAAGATGCC
GCCAAACGGGAGGCTACCTGTTCACCGAGGACGTCCTCAACACCAAGATGCC
GCCAAACGGGAGGCTACCTGTTCACCGAGGACGTCCTCAACACCAAGATGCC

AGTGGAGACCATCAAGATGGTGGGTCTGCGCCGAGATCCCAGCAAGCCGCTG
AGTGGAGACCATCAAGATGGTGGGTCTGCGCCGAGATCCCAGCAAGCCGCTG
AGTGGAGACCATCAAGATGGTGGGTCTGCGCCGAGATCCCAGCAAGCCGCTG

GGCCTGACCGTCGAACTGGACGAATTCAAGCAéCTGGTCGTGGCCAGGATTC
GGCCTGACCGTCGAACTGGACGAATTCAAGCAGCTGGTCGTGGCCAGGATTC
GGCCTGACCGTCGAACTGGACGAATTCAAGCAGCTGGTCGTGGCCAGGATTC

TGGCGGGCGGGGTGATCGACAAACAGAGCATGCTGCACGTTGGCGATGTCAT
TGGCGGGCGGGGTGATCGACARACAGAGCATGCTGCACGTTGGCGATGTCAT
TGGCGGGCGGGGTGATCGACAAACAGAGCATGCTGCACGTTGGCGATGTCAT

CCTAGAGGTGAACGGTACGCCCGTTCGCACTCCCGATGAGCTGCAGGTGGAG
CCTAGAGGTGAACGGTACGCCCGTTCGCACTCCCGATGAGCTGCAGGTGGAG
CCTAGAGGTGAACGGTACGCCCGTTCGCACTCCCGATGAGCTGCAGGTGGAG

GTGTCGCGGGCCAAGGAGAATCTCACCCTCAAGATCGGGCCGAACGTGGACG
GTGTCGCGGGCCAAGGAGAATCTCACCCTCAAGATCGGGCCGAACGTGGACG
GTGTCGCGGGCCAAGGAGAATCTCACCCTCAAGATCGGGCCGAACGTGGACG

AGGAGATCAAGAGCGGTCGCTATACTGTGAGTGGGGGTCAGGTAAAACAGAA
AGGAGATCAAGAGCGGTCGCTATACT == ===—==—==———————————————
AGGAGATCAAGAGCGGTCGCTATACTGTGAGTGGGGGTCAGGTAAAACAGAA

TGGCATCGCGAGTCTCGAGACGGGCAAGAAACTGACGTGCTACATGCGTGCC
————————————————————————————————————— TGCTACATGCGTGCC
TGGCATCGCGAGTCTCGAGACGGGCAAGAARACTGACGTGCTACATGCGTGCC

CTTTTCACATACAATCCATCCGAAGATTCCTTGCTGCCATGCAGGGATATTG
CTTTTCACATACAATCCATCCGAAGATTCCTTGCTGCCATGCAGGGATATTG
CTTTTCACATACAATCCATCCGAAGATTCCTTGCTGCCATGCAGGGATATTG

GATTGCCCTTCAAGTCGGGCGACATTTTGCAGATCATCAACGTAAAGGATCC
GATTGCCCTTCAAGTCGGGCGACATTTTGCAGATCATCAACGTAAAGGATCC
GATTGCCCTTCAAGTCGGGCGACATTTTGCAGATCATCAACGTAAAGGATCC

CAACTGGTGGCAGGCCAAGAACATTACTGCCGAATCTGACAAAATTGGACTC
CAACTGGTGGCAGGCCAAGAACATTACTGCCGAATCTGACAAAATTGGACTC
CAACTGGTGGCAGGCCAAGAACATTACTGCCGAATCTGACAAAATTGGACTC

ATACCATCCCAAGAGCTGGAGGAGCGGCGCAAAGCCTTCGTGGCCCCCGAGG
ATACCATCCCAAGAGCTGGAGGAGCGGCGCAAAGCCTTCGTGGCCCCCGAGG
ATACCATCCCAAGAGCTGGAGGAGCGGCGCAAAGCCTTCGTGGCCCCCGAGG

CGGACTACGTTCACAAGATTGGCATTTGCGGAACAAGAATCTCGAAGCGAAA
CGGACTACGTTCACAAGATTGGCATTTGCGGAACAAGAATCTCGAAGCGAAA
CGGACTACGTTCACAAGATTGGCATTTGCGGAACAAGAATCTCGAAGCGAAA
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GCGCAAGACCATGTACCGATCTGTGGCCAATTGCGAGTTCGACAAGGCGGAG
GCGCAAGACCATGTACCGATCTGTGGCCAATTGCGAGTTCGACAAGGCGGAG
GCGCAAGACCATGTACCGATCTGTGGCCAATTGCGAGTTCGACAAGGCGGAG

CTGCTGCTCTATGAGGAGGTCACGCGGATGCCGCCGTTCCGCAGGAAAACCC
CTGCTGCTCTATGAGGAGGTCACGCGGATGCCGCCGTTCCGCAGGAAAACCC
CTGCTGCTCTATGAGGAGGTCACGCGGATGCCGCCGTTCCGCAGGAARACCC

TGGTTCTCATCGGTGTTTCCGGGGTGGGAAGACGTACGCTCAAGAATCGGCT
TGGTTCTCATCGGTGTTTCCGGGGTGGGAAGACGTACGCTCAAGAATCGGCT
TGGTTCTCATCGGTGTTTCCGGGGTGGGAAGACGTACGCTCAAGAATCGGCT

GATCAACAGCGATGTGGACAAGTTCGGAGCGGTCATTCCACATACCAGTCGC
GATCAACAGCGATGTGGACAAGTTCGGAGCGGTCATTCCACATACCAGTCGC
GATCAACAGCGATGTGGACAAGTTCGGAGCGGTCATTCCACATACCAGTCGC

CCCAAGCGCGCCTTGGAGGAGAACGGCAGTAGCTACTGGTTCATGGACCGCG
CCCAAGCGCGCCTTGGAGGAGAACGGCAGTAGCTACTGGTTCATGGACCGCG
CCCAAGCGCGCCTTGGAGGAGAACGGCAGTAGCTACTGGTTCATGGACCGCG

AGGAAATGGAAGAGGCCGTGCGGAACAACGAGTTCCTGGAGTACGGCGAGCA
AGGAAATGGAAGAGGCCGTGCGGAACAACGAGTTCCTGGAGTACGGCGAGCA
AGGAAATGGAAGAGGCCGTGCGGAACAACGAGTTCCTGGAGTACGGCGAGCA

CAATGGCAATCTGTACGGCACGCATTTGCAGTCCATCAAGGATGTGATCAAC
CAATGGCAATCTGTACGGCACGCATTTGCAGTCCATCAAGGATGTGATCAAC
CAATGGCAATCTGTACGGCACGCATTTGCAGTCCATCAAGGATGTGATCAAC

AGTGGGCGCATGTGCATCCTGGATTGTGCACCGAATGCCCTGAAGATCCTGC
AGTGGGCGCATGTGCATCCTGGATTGTGCACCGAATGCCCTGAAGATCCTGC
AGTGGGCGCATGTGCATCCTGGATTGTGCACCGAATGCCCTGAAGATCCTGC

ACAACAGCCAGGAACTGATGCCTTTTGTCATCTTTGTGGCAGCGCCTGGCAT
ACAACAGCCAGGAACTGATGCCTTTTGTCATCTTTGTGGCAGCGCCTGGCAT
ACAACAGCCAGGAACTGATGCCTTTTGTCATCTTTGTGGCAGCGCCTGGCAT

GGAGCAGCTCAAGACCATCTATGCGGATCGCAGGGCCACGGGCTCCAACCGG
GGAGCAGCTCAAGACCATCTATGCGGATCGCAGGGCCACGGGCTCCAACCGG
GGAGCAGCTCAAGACCATCTATGCGGATCGCAGGGCCACGGGCTCCAACCGG

AATTTATCTTTTGATCGCCAGAGTTCCATAAGATTCAGCTCCAGACGCGCCC
AATTTATCTTTTGATCGCCAGAGTTCCATAAGATTCAGCTCCAGACGCGCCC
AATTTATCTTTTGATCGCCAGAGTTCCATAAGATTCAGCTCCAGACGCGCCC

GTACGCTCGAGTCCCTAGCGTCGTTGTATGAGGACGACGACCTTGTCGCCAC
GTACGCTCGAGTCCCTAGCGTCGTTGTATGAGGACGACGACCTTGTCGCCAC
GTACGCTCGAGTCCCTAGCGTCGTTGTATGAGGACGACGACCTTGTCGCCAC

CGTCGAGGAGAGCAGCTTCGTCCAGCGCAAGTATGAGAAATACTTCGACATG
CGTCGAGGAGAGCAGCTTCGTCCAGCGCAAGTATGAGAAATACTTCGACATG
CGTCGAGGAGAGCAGCTTCGTCCAGCGCAAGTATGAGAAATACTTCGACATG

GTCATCGTGAACGAGGACTTCGATGAGACGTTCCGCCAGGTGGTGGAAACGC
GTCATCGTGAACGAGGACTTCGATGAGACGTTCCGCCAGGTGGTGGAAACGC
GTCATCGTGAACGAGGACTTCGATGAGACGTTCCGCCAGGTGGTGGAAACGC
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TGGATCAGATGAGCCACGAGGAGCAGTGGGTGCCTGTCAACTGGATCTACTA
TGGATCAGATGAGCCACGAGGAGCAGTGGGTGCCTGTCAACTGGATCTACTA
TGGATCAGATGAGCCACGAGGAGCAGTGGGTGCCTGTCAACTGGATCTACTA

GAATCCCATGACCCTTTGCAATTGCGCCTTTATGCATATTGAAGAATATATA
GAATCCCATGACCCTTTGCAATTGCGCCTTTATGCATATTGAAGAATATATA
GAATCCCATGACCCTTTGCAATTGCGCCTTTATGCATATTGAAGAATATATA

CTATAAAAATCGAATGCCTATCATCACAATTAAAGGGATAATTCCAGTAATT
CTATAAAAATCGAATGCCTATCATCACAATTAAAGGGATAATTCCAGTAATT
CTATAAAAATCGAATGCCTATCATCACAATTAAAGGGATAATTCCAGTAATT

GAAGCTTAAACTCGCAACACAATACAAATTTAGCGAAGAGCATTTAAAACGC
GAAGCTTAAACTCGCAACACAATACAAATTTAGCGAAGAGCATTTAAAACGC
GAAGCTTAAACTCGCAACACAATACAAATTTAGCGAAGAGCATTTAAAACGC

TAGCGATTTCAATATTTATTGTTGATTAGACGTGTTTTGCTTGAGGAATGTA
TAGCGATTTCAATATTTATTGTTGATTAGACGTGTTTTGCTTGAGGAATGTA
TAGCGATTTCAATATTTATTGTTGATTAGACGTGTTTTGCTTGAGGAATGTA

ATGCGTTTTATTAACTATGTTTATCTCAATTACTGTCATTTTCCTCTTTAAA
ATGCGTTTTATTAACTATGTTTATCTCAATTACTGTCATTTTCCTCTTTAAA
ATGCGTTTTATTAACTATGTTTATCTCAATTACTGTCATTTTCCTCTTTAAA

TATAAATCATGTATATATGCAATGTTTGTATAAGT TGAAATGCGCCCTCCGT
TATAAATCATGTATATATGCAATGTTTGTATAAGTTGAAATGCGCCCTCCGT
TATAAATCATGTATATATGCAATGTTTGTATAAGTTGAAATGCGCCCTCCGT

TTACAATTCAGTTTTCCTTAAGTATAAGCCTAATTTTACGAAACGAATTCGT
TTACAATTCAGTTTTCCTTAAGTATAAGCCTAATTTTACGAAACGAATTCGT
TTACAATTCAGTTTTCCTTAAGTATAAGCCTAATTTTACGAAACGAATTCGT

CCATTTTACCATCTCTTGTTTTATTTTTACAAATAATGAATGATGTCAACGC
CCATTTTACCATCTCTTGTTTTATTTTTACAAATAATGAATGATGTCAACGC
CCATTTTACCATCTCTTGTTTTATTTTTACAAATAATGAATGATGTCAACGC

ATATCTCTTCAGTTTATTATTTTAACGAATCTCCTCAGTACAACAACCTTCT
ATATCTCTTCAGTTTATTATTTTAACGAATCTCCTCAGTACAACAACCTTCT
ATATCTCTTCAGTTTATTATTTTAACGAATCTCCTCAGTACAACAACCTTCT

GCCAATATTTTCGTGTAGTTTTTAGATTTGTTTGAATAAAATGTGTAAGTTT
GCCAATATTTTCGIGTAGTTTTTAGATTTGTTTGAATAAAATGTGTAAGTTT
GCCAATATTTTCGTGTAGTTTTTAGATTTGTTTGAATAAAATGTGTAAGTTT

AACGAACTAGTTAAATGTATTGATGTGGAGTTAAACAAACGAAATACGAATA
AACGAACTAGTTAAATGTATTGATGTGGAGTTAAACAAACGAAATACGAATA
AACGAACTAGTTAAATGTATTGATGTGGAGTTAAACAAACGAAATACGAATA

AATTTGGCTCAAAGAAA
AATTTGGCTC-=—===
AATTTGGCTCAAAGAAA
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Appendix 7: Amino acid sequences of the three predicted protein products of
Drosophila dPALS2. There are three resultant protein products of dPALS?2 from the
predicted transcripts by flybase, designated b, ¢, and d. All three proteins contain a PDZ
(purple), SH3 (blue) and GuK (red) domain. Protein b and c are identical and differ from
protein d in a 21 amino acid absence between the PDZ and SH3 domains. Therefore

protein b and ¢ are 469 amino acids in length and protein d is 448 amino acids in length.



proteinb
proteind
proteinc

proteinb
proteind
proteinc

proteinb
proteind
proteinc

proteinb
proteind
proteinc

proteinb
proteind
proteinc

proteinb
proteind
proteinc

proteinb
proteind
proteinc

proteinb
proteind
proteinc

MPVETIKMVGLRRDPSKPLGLTVELDEFKQLVVARILAGGVIDKQSMLHVGDVILEVNGT
MPVETIKMVGLRRDPSKPLGLTVELDEFKQLVVARILAGGVIDKQSMLHVGDVILEVNGT
MPVETIKMVGLRRDPSKPLGLTVELDEFKQLVVARILAGGVIDKQSMLHVGDVILEVNGT

PVRTPDELQVEVSRAKENLTLKIGPNVDEEIKSGRYTVSGGQVKONGIASLETGKKLTCY
PVRTPRDELOVEVSRAKENLTLKIGPNVDEEIKSGRY-=rmmramsmmsss e s i TCGY
PVRTPDELQVEVSRAKENLTLKIGPNVDEEIKSGRYTVSGGQVKONGIASLETGKKLTCY

MRALFTYNPSEDSLLPCRDIGLPFKSGDILQIINVKDPNWWQAKNITAESDKIGLIPSQE
MRALFTYNPSEDSLLPCRDIGLPFKSGDILQIINVKDPNWWOAKNITAESDKIGLIPSQE
MRALFTYNPSEDSLLPCRDIGLPFKSGDILQOIINVKDPNWWOAKNITAESDKIGLIPSQE

LEERRKAFVAPEADYVHKIGICGTRISKRKRKTMYRSVANCEFDKAELLLYEEVTRMPPFE
LEERRKAFVAPEADYVHKIGICGTRISKRKRKTMYRSVANCEFDKAELLLYEEVTRMPPFEF
LEERRKAFVAPEADYVHKIGICGTRISKRKRKTMYRSVANCEFDKAELLLYEEVTRMPPF

RRKTLVLIGVSGVGRRTLKNRLINSDVDKEFGAVIPHTSRPKRALEENGSSYWFMDREEME
RRKTLVLIGVSGVGRRTLKNRLINSDVDKFGAVIPHTSRPKRALEENGSSYWFMDREEME
RRKTLVLIGVSGVGRRTLKNRLINSDVDKFGAVIPHTSRPKRALEENGSSYWFMDREEME

EAVRNNEFLEYGEHNGNLYGTHLOSIKDVINSGRMCILDCAPNALKILHNSQELMPEFVIF
EAVRNNEFLEYGEHNGNLYGTHLQSIKDVINSGRMCILDCAPNALKILHNSQELMPEVIF
EAVRNNEFLEYGEHNGNLYGTHLQSIKDVINSGRMCILDCAPNALKILHNSQELMPEFVIF

VAAPGMEQLKTIYADRRATGSNRNLSFDRQSSIRFSSRRARTLESLASLYEDDDLVATVE
VAAPGMEQLKTIYADRRATGSNRNLSFDRQSSIRFSSRRARTLESLASLYEDDDLVATVE
VAAPGMEQLKTIYADRRATGSNRNLSFDRQSSIRFSSRRARTLESLASLYEDDDLVATVE

ESSEFVQRKYEKYFDMVIVNEDFDETFRQVVETLDOMSHEEQWVPVNWIY
ESSFVQRKYEKYFDMVIVNEDFDETFRQVVETLDQMSHEEQWVPVNWIY
ESSFVQORKYEKYFDMVIVNEDFDETFRQVVETLDOMSHEEQWVPVNWIY
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Appendix 8: The alignment of PALS2 proteins across various species. The amino
acid sequences of PALS?2 proteins were aligned to demonstrate the similarities within the
protein across different species. Each domain is designated by a colored line, L27
domain = green, PDZ domain = purple, SH3 domain = blue, GUK domain =red. The
amino acids are color coded to indicate residues identical for at least four amino of the
seven aligned sequences — blue if the aligned sequences include the Drosophila protein

and purple if the aligned sequences do not.
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humanvaml
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drosophila
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mousealpha
mousebeta
humanvaml
xXenopus
drosophila
mosquito
honeybee

mousealpha
mousebeta
humanvaml
Xenopus
drosophila

———————————————————————————————————— IFPDCANSVT------FLLLVCSP
MKNSKSLMDIEDICGCSKLPSIIPRKELPHLRSTSVSLPLAHDEVTRCVMEKCLVTVPAA

MOQVLENLTELPSSTGAEEIDLIFLKGIMENPIVKSLAKAHERLEDSKLEAVSDNNLELV
MOQVLENLTELPSSTGAEEIDLIFLKGIMENPIVKSLAKAHERLEDSKLEAVSDNNLELV
MOQVLENLTELPSSTGAEEIDLIFLKGIMENPIVKSLAKARERLEDSKLEAVSDNNLELV
MOOVLDNLTDLPTSTGAEEIDITFLKGIMENPIVRSLAKAHERLEDTKLEAVSENNVELL
RKQIQDKLEEAP--APLHPVRVDNAPLLKEVIDRCSLSRNPHARELARIFRYPHFRALLE
FMHVRDNLEELG--KVADDTDLLFLKGLLDSPVVTSLVKVQERLEDPPLHVEPVCSSVCD

NEILEDITPLISVDENVAELVGILKEPHFQSLLEAHDIVASKCYDSPPSSPEMNIPSLNN
NEILEDITPLISVDENVAELVGILKEPHFQSLLEAHDIVASKCYDSPPSSPEMNIPSLNN
NEILEDITPLINVDENVAELVGILKEPHFQSLLEAHDIVASKCYDSPPSSPEMNNSSINN
NDIITDISSFEDEDKNVQELIGILKEPHFQSLLEAHDIVASKCYDSPPSSPEVN--SSGN

AHDEIGETQLEKLKHPPTSATSSPGGNSQYHQASPSSETVDGSG-VELLTIN----DMPG
IVDEVCHALRSSRDENARELVRLLRSSHLKALLETHDAVVERKE-APPSKPEPSLLAMPT

QO-LPVDAIRILGIHKKAGEPLGVTFRVEN-NDLVIARILHGGMIDRQGLLHVGDIIKEVN
Q-LPVDAIRILGIHKKAGEPLGVTFRVEN-NDLVIARILHGGMIDRQGLLHVGDIIKEVN
QLLPVDAIRILGIHKRAGEPLGVTFRVEN-NDLVIARILHGGMIDRQGLLHVGDIIKEVN
QIAPVDAIRMVGIHKRTGEPLGVTEFKVEN-NNLVIARILHGGMIDRQGLLHVGDIIKEIN
————— ETIKMVGLRRDPSKPLGLTVELDEFKQLVVARILAGGVIDKQOSMLHVGDVILEVN
————— ETTKMVGIRRNPDEPLGLTVEVDEHNQLVVARITAGGMIDROGLLHPGDVILEVN
N-ERMEAVRVVGLRROQPDEPLGLTVQVNESGNLITARTILGGSTAARQGLLRTGEVILEVN

GHEVGNNPKELQELLKNISGSVTLKILPSYRDTITPQQ-—————————————————————
GHEVGNNPKELQELLKNISGSVTLKILPSYRDTITPOQQSYVNMERHPAH--——————— VR
GHEVGNNPKELQELLKNISGSVTLKILPSYRDTITPQQ-—————————————————————
GHDVGNNPKELOELLKSI SGSVILKILPSYKDTVEPQQ=—==s=s=mmsmmmim—m simm——
GTPVRT-PDELQVEVSRAKENLTLKIGPNVDEEIKSGRYTVSGGQOVKONGIASLETGKKL
GVPVTT-PEELOGEISVAKESVTLKIGPSVEEEMKSARITMAGGQVKNG--RNLDSGKKL
GKEVHN-PEELQEATHEAKENLSLKLAPGIATDGNRP-——-————————————————— VKS

—-VEVKCHFDYNPENDNLIPCKEAGLKFSKGEILQIVNREDPNWWQASHVKEGG—--SAGLT
QVFVKCHEFDYNPENDNLIPCKEAGLKFSKGEILQIVNREDPNWWQASHVKEGG-—-SAGLI
—VFVKCHEDYNPYNDNLIPCKEAGLKFSKGEILQIVNREDPNWWQASHVKEGG--SAGLI
-VEVKCHFDYNPFSDNLIPCKEAGLKFSKGEILHIVNREDPNWWQASHVKEGG--SAGLT
TCYMRALFTYNPSEDSLLPCRDIGLPFKSGDILQIINVKDPNWWOAKNITAES-DKIGLI
TCYMRALFDYDPNEDNLLPCKEIGLSFLRGDILOIINVKDPNWWOAK-HAGED-GPTGLI
TCYMRALFDYDPSEDTLLPCREIGLPFQKGDVLQIVDQADPNWWQARRVEGEGLGPPGLT

PSQFLEEKRKAFVR--RDWDNSGPFCGTISNKKKKKMMYLTTRNAEFDRHEIQIYEEVAK
PSOQFLEEKRKAFVR--RDWDNSGPFCGTISNKKKKKMMYLTTRNAEFDRHEIQIYEEVAK
PSQFLEEKRKAFVR--RDWDNSGPFCGTISSKKKKKMMYLTTRNAEFDRHEIQIYEEVAK
PSQFLEEKRKAFVR--RDWDGSGQFCGTVTSKKKKKMMYLTTRNAEFDRHEIQIYEEVAR
PSQELEERRKAFVAPEADYVHKIGICGTRISKRKRKTMYRSVANCEFDKAELLLYEEVTR
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PSQELEERRQAYVPPEADFVHKIGICGTRISKKKRKILYKTKONSEFDKADLMLYEEVTK
PSLELEERRKAFVPPEADFVHKISICGTKISKKKKRKMYQSKSNGEFDSAELLLYEEVAR

MPPFORKTLVLIGAQGVGRRSLKNRFIVLNPARFGTTVPEFTSRKPREDEKDGQAYKEVSR
MPPFORKTLVLIGAQGVGRRSLKNRFIVLNPARFGTTVPFTSRKPREDEKDGQAYKEVSR
MPPFORKTLVLIGAQGVGRRSLKNRFIVLNPTRFGTTVPFTSRKPREDEKDGQAYKEVSR
MPPFORKTLVLIGAQGVGRRSLKNRLIVLNPTQFGTTIPFTSRKPKEDEKDGHAYREVSR
MPPFRRKTLVLIGVSGVGRRTLKNRLINSDVDKFGAVIPHTSRPKRALEENGSSYWEMDR
MPPFKRKTLVLVGVAGVGRRTLKNRLINSDPDKFGSVLPHTSRQPRPLEESGKAYWETDR
MPPFRRKTLALVGARGVGRRTLKNRLINSDPEKFGTIVPYTSRPPRVLEEDGKSYWEIDR

SEMEADIKAGKYLEHGEYEGNLYGTKIDSILEVVQTGRTCILDVNPQALKVLRTS-EFMP
SEMEADIKAGKYLEHGEYEGNLYGTKIDSILEVVQTGRTCILDVNPQALKVLRTS-EFMP
SEMEADIKAGKYLEHGEYEGNLYGTKIDSILEVVQTGRTCILDVNPQALKVLRTS-EFMP
VEMEADIKAGRYLEHGEYEGNLYGTKIDSTHEVVMAGRTCILDVNPQALKVLRTA-EFMP
EEMEEAVRNNEFLEYGEHNGNLYGTHLOSTIKDVINSGRMCILDCAPNALKILHNSQELMP
EEMEQETIRENKFLEFGEHNGNLYGTHLDSIRDVIRQGKMCVLDCSPAALKTLHNSPEFMP
ESMETDIREHRYLEYGEHGGHLYGTKLDSVRELIRAGKMCVLDCSPAALKILHNSTEFMP

YVVFIAAPELETLRAMHKAVVDAGITTKLLT---=======——————————————— DSDL
YVVEIAAPELETLRAMHKAVVDAGITTKLLT ———————————————————— DSDL
YVVPIAAPELETERAMHKAVVDAGI T TRLLT———————m—— e i i e DSDL
YVVEIAAPEFETLRGMHRKAVVDAGITTKLLT ———m—— e i DSDL
FVIFVAAPGMEQLKTIYADRR-ATGSNRNLSFDRQSSIRFSSRRARTLESLASLYEDDDL
FVLFIAAPGMEQLKLLYSERRSASGSTRNL--—-—-—-———————————————————— HDDDL

YVIFIAAPGMEQLKWLYDLORSTGTSSRNLTFDRQSSIRYSSRRARTLESLASLYEEDDL

KKTVDESARIQRAYNHYFDLITVNDNLDKAFEKLOTAIEKLRMEPQWVPISWVY
KKTVDESARIQRAYNHYFDLITVNDNLDKAFEKLOQTATIEKLRMEPQWVPISWVY
KKTVDESARIQRAYNHYFDLITIINDNLDKAFEKLOTAIEKLRMEPQWVPISWVY
KKTVDESARVMRAYNHYFDVSIVNDNLDKAFEKLOAAVHRLRTEQQWVPISWVY
VATVEESSFVQRKYEKYFDMVIVNEDFDETFRQVVETLDOMSHEEQWVPVNWIY
ISAVEESALLQRKYDKYLDMVIVNEDFDDTFRQVTEALEQLSHEHQWVPVNWIY
KATLEESAALQRAYEKYIDLVIVNEDEDNTFRQVIAALDALATEHQWVPVNWIY
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Appendix 9: Amino acid and nucleotide sequence of the original predicted
Drosophila PALS2. Originally predicted by flybase, dPALS2 was 1728 base pairs in
length, corresponding to 576 amino acids. The cDNA and protein product contained an
127, PDZ, SH3 and Guk domain. Domains are colour coded. Green = L27 domain,

Purple = PDZ domain, Blue = SH3 domain, and Red = GuK domain.



atgacatatgtacatctgaatccgaccgagccgcageccagtgecactattectgecegeteat
M T Yy v H L N P T E P O P V P L F L P A H
ctgaacaacaagcccatctgcgacgacatcatccgcaagttctcaccctcgaggecgectggag
L N N K P I € DD I I R KUPF S P S R R L E
tcgcgagagctcgccaagcttctecgeccagecgecattttegtgetecttttgegegeccatgat
S R E L A KL L A Q P H F RALIL R A H D
gagataggagcactctacgagcaacgacttaaagctgccgggggatccaccagccaactagag
E I 6 A4 L Y E @ R L K A A G 6 &§ T &8 ¢ L E
atcgccagccaacgccaaacgggaggctacctgttcaccgaggacgtcctcaacaccaagatg
I A S Q R T G G Y L F T E D V L N T K M
ccagtggagaccatcaagatggtgggtctgcgccgagatcccagcaagecgectgggectgacce
P VvV ET L K M V 6 L. R R b P & K P L G L. T
gtcgaactggacgaattcaagcagctggtcgtggccaggattctggecgggecggggtgatcgac
v &L bDEF K QL YV V A RILASGTGUV I D
aaacagagcatgctgcacgttggcgatgtcatcctagaggtgaacggtacgecececgttcecgecact
K ¢ 8 M L #H VvV 6 DV I L E VNG T P V R T
cccgatgagctgcaggtggaggtgtcgcgggeccaaggagaatctcaccctcaagatcgggecg
P D E L @ VEBEV S8 R A KEWDNILT?T L K I & P
aacgtggacgaggagatcaagagcggtcgctatactgtgagtgggggtcaggtaaaacagaat
N V D E E I K S G R Y T V S G G Q V K Q N
ggcatcgcgagtctcgagacgggcaagaaactgacgtgctacatgecgtgeeccttttcacatac
¢ I A 8 L E T 6 K K L T € ¥ M R A Ih F T ¥
aatccatccgaagattccttgctgccatgcagggatattggattgeccttcaagtcgggegac
N P 8 E D 8 I« L B €C R B L 6 Lh P F K S G D
attttgcagatcatcaacgtaaaggatcccaactggtggcaggccaagaacattactgceccgaa
I L. 9 I I NV KD P N WW QO A KN I T A E
tctgacaaaattggactcataccatcccaagagctggaggagcggecgcaaagecttecgtggee
s b K I 6 L I P S Q E L EER R KA VF V A
cccgaggcggactacgttcacaagattggcatttgcggaacaagaatctcgaagcgaaagege
P E A DY V H K I G I €C 6 T R I S K R K R
aagaccatgtaccgatctgtggccaattgcgagttcgacaaggcggagectgetgectctatgag
K T M ¥ RS VvV A N CE F D KA E L L L Y E
gaggtcacgcggatgccgcecgttccgecaggaaaaccctggttctcatcggtgttteccgggatg
E v T R M P P F R R K T L V L I G V S G V
ggaagacgtacgctcaagaatcggctgatcaacagcgatgtggacaagttcggagecggtcatt
G R R T L K N R L I N S D V D K F G A V I
ccacataccagtcgccccaagecgegecttggaggagaacggcagtagectactggttcatggac
P H T S R P K R AL EENG S S Y W F M D
cgcgaggaaatggaagaggccgtgcggaacaacgagttecctggagtacggecgagcacaatgge
R E EMEE AV RNNUEUF L E Y G E H N G
aatctgtacggcacgcatttgcagtccatcaaggatgtgatcaacagtgggcgcatgtgcatc
N L ¥ 86 T H L @ 8§ I K DV I W 8 6 R M € I
ctggattgtgcaccgaatgccctgaagatcctgcacaacagccaggaactgatgecttttgte
L D CAPNWA ATILIKTITULUHNDNSQETILMUPF V
atctttgtggcagcgcctggcatggagcagctcaagaccatctatgeggatcgcagggeccacg
LI B v a2 A P E M B @Q L. KT I ¥ A b R R A T
ggctccaaccggaatttatcttttgatcgeccagagttccataagattcagectccagacgegece
G S N R NL S F DROQS S I R F S S R R A
cgtacgctcgagtcecctagegtegttgtatgaggacgacgaccttgtcgeccaccgtcgaggag
R T L E S L A S8 L Y E D D D L V A T V E E
agcagcttcgtccagcgcaagtatgagaaatacttcgacatggtcatcgtgaacgaggacttce
s s ¥ V. Q R K Y E K Y F DM V I V N E D F
gatgagacgttccgccaggtggtggaaacgctggatcagatgageccacgaggagcagtgggtg
b g T F R Q V V E T L D Q M S HE E Q W V
cctgtcaactggatctac
P V N W I Y
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Appendix 10: A map of Potential Protein binding partners of dPALS2. A group of
researchers from CuraGen Corporations, Wayne State University and Yale University
proposed a map of protein interactions in Drosophila melanogaster. A mass Yeast two-
hybrid screen using all known or predicted transcripts (10 623) against DNA libraries
produced a draft map of 7048 proteins and 20 405 interactions (Giot ef al., 2003).
dPALS2 (CG9326) interacts with dVELI (CG7662), a predicted protein binding partner
along with putative genes CG9097, CG8288, CG5273, CG12019. Interaction
confidences, indicated in the chart, have been rated on a scale of 0 (lowest) to 1 (highest).
High confidence is 0.8+, moderate is 0.5-0.8, low is below 0.5. CG9097, also known as
bric-a-brac1 and VELI show fairly high to moderate confidence of protein interaction
with dPALS2, while the other proteins show moderate —low confidence of protein

interaction.



CG9326

veli

C(G8288

Name - CG - FBGN Confidence
babl - CG9097 - FBgn0004870 0.867
veli - CG7662 - FBgn0039269 0.720
mRpL3 - CG8288 - FBgn0030686 0.542
CG5273 - FBgn0040382 0.542
Cdc37 - CG12019 — FBgn0011573 0.542






