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ABSTRACT

In a targeted proteomic screen to identify polarity protein complexes, a number
of Scribble (Scrib) -associating proteins were identified; of particular interest
was the Nitric Oxide Synthase 1 Adaptor Protein (NOS1AP). NOS1AP contains
an N-terminal phosphotyrosine binding (PTB) domain and a C-terminal PSD-
95/Dlg homology/ZO-1 (PDZ) binding motif that associates with neuronal NOS
(NOST1). We show that the PTB domain of NOS1AP associates with the fourth
PDZ domain of Scrib. We identified NOS1AP binding partners including three
key regulators of dendritic spine formation, B-Pix, Gitl, and PAK, which
require Scrib to associate with NOSIAP. Overexpression of NOSIAP in
cultured hippocampal neurons increases dendritic protrusions, a process
dependent on the PTB domain. The increase in dendritic protrusions can be
blocked by the co-expression of a dominant negative Rac construct. NOS1AP,
and the PTB domain of NOS1AP influence Rac activity. Together these data
suggest that Scrib and NOSIAP function as important scaffolding proteins in
the mammalian synapse and that NOS1AP functions in the dendritic spine by
influencing Rho GTPase activity.

xi
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CHAPTER 1 INTRODUCTION

1.1 COMPONENTS OF A NEURON

The neuron is the fundamental unit of the nervous system. Neurons are formed from
progenitor cells and upon terminal differentiation, mature and develop a complex
polarized morphology. Neurons typically contain a cell body, one long extension
designated as the axon, and multiple small extensions known as dendrites (Arimura and
Kaibuchi, 2007). Connections between the axon of one cell and its target cell occurs at a

unique structure known as the synapse (Arimura and Kaibuchi, 2007).

1.1.1 Axon

Each neuron extends one axon from the cell body. Axons are typically long processes
and are homogeneous in width (Arimura and Kaibuchi, 2007). The axon propagates
signals that have been integrated in the cell body. This signal is then sent along the axon
to the synapse (Arimura and Kaibuchi, 2007). The signal is then propagated across the
synaptic cleft to activate receptors on the post-synaptic region allowing for conduction or

continuation of the signal (Arimura and Kaibuchi, 2007).

1.1.2 Synapse

The synapse consists of a presynaptic region where the axon connects with a target
dendrite and postsynaptic region where excitatory synaptic inputs are received by
dendritic spines on the target cell (Fig. 1.1) (Dillon and Goda, 2005). The presynaptic
region contains many neurotransmitter-filled synaptic vesicles (Wiggin et al., 2005).
There are two main locations within the presynaptic compartment that contain synaptic
vesicles, the readily releasable pool (RRP) and the reserve pool (RP) (Dillon and Goda,
2005; Wiggin et al., 2005). The RRP contains a synaptic vesicle pool docked and primed
for release at the active zone (Dillon and Goda, 2005). The active zone is the point of
contact between the membrane and synaptic vesicles containing neurotransmitters ready

for release (Rosenmund et al., 2003). The RP consists of vesicles in the presynaptic



Presynaptic

M Synaptic Vessicle

o e\

Receptors

Postsynaptic

Figure 1.1 Model of the synapse and related components.
The axon presynaptic terminal has a a reserve vesicle pool
and a readily releasable vesicle pool ready to be released in
the active zone. The dendritic spine contains the receptors
ready to receive neurotransmitters from the presynaptic side.
Note the actin cytoskeleton at both the pre- and post- synaptic
terminal, regulating vesicle release and in the structure of the
postsynaptic compartment. Modified from Dillon and Goda, 2005.



compartment that have to translocate the active zone before being released (Dillon and
Goda, 2005). Once in an active zone, a synaptic vesicle can fuse with the membrane and
send neurotransmitters to the postsynaptic compartment (Kandel et al., 2000). From the
postsynaptic compartment, a chemical signal is converted to an electrical signal and

propagated along a dendrite towards the cell body (Kandel et al., 2000).

1.1.3 Dendrites

Each neuron typically has several dendrites that extend out from the cell body (Arimura
and Kaibuchi, 2007). Dendrites are commonly shorter than axons and start thicker at the
base of the cell body and thin out distally (Arimura and Kaibuchi, 2007). Dendrites have
small protrusions called dendritic spines. These can be small finger-like projections or
mushroom shaped structures known as spine-heads found along the dendrite (Sekino et
al., 2007). These are enriched with receptors that bind neurotransmitters (Arimura and
Kaibuchi, 2007). At the leading edge of a dendritic spine is the postsynaptic density
(PSD), an electron dense region composed of an actin rich structural element (Sekino et
al., 2007). In addition to neurotransmitter receptors that receive signal input from the
presynaptic compartment, dendritic spines contain an array of postsynaptic proteins
responsible for binding actin, scaffolding proteins, and signaling molecules (Nimchinsky

et al., 2002; Sekino et al., 2007).

Development of a functional polarized phenotype in neurons is dependent on actin
dynamics. Evidence for this comes from studies using actin depolymerizing drugs that,
when applied to a developing neuron, cause altered neuronal phenotypes such as multiple
axon formation (Bradke and Dotti, 1999). In the synapse actin plays a structural role in
formation of the pre- and post- synaptic compartments (Fig. 1.1) (Dillon and Goda,
2005). In addition to its structural role, actin also regulates the function of the synapse
(Dillon and Goda, 2005). For example, presynaptically actin plays a role in synaptic
vesicle dynamics, primarily in the RP where synaptic vesicles are stored before release
(Dillon and Goda, 2005). Since much of the work in this thesis focuses on actin

dynamics, an introduction to actin is necessary.



1.1.4 (a) Key Regulators of Neuronal Development - Actin

Actin is a major structural protein found within a cell that is important for both
maintaining cell shape and allowing cellular migration (Dillon and Goda, 2005). Actin
can be found in two different forms, Filamentous (F-actin) and monomeric or soluble
actin (G-actin) (Dillon and Goda, 2005). F-actin is comprised of molecules of G-actin
noncovalently bound to one another forming the filaments (Dillon and Goda, 2005). F-
actin is lengthened at the fast growing or barbed end through the addition of G-actin and
undergoes catastrophe at the other end known as the pointed end (Welch and Mullins,
2002; Dillon and Goda, 2005). Here, the molecules of filamentous actin are removed and
returned to the G-actin pool (Welch and Mullins, 2002; Dillon and Goda, 2005). Thus, G-
actin is recycled from the pointed end to the barbed end (Dillon and Goda, 2005). This
process maintains the supply of soluble actin for the continuous development of F-actin

(Dillon and Goda, 2005).

The addition and removal of actin is regulated by a number of effector proteins such as
neuronal Wiskott-Aldrich syndrome protein (nWASP), cofilin, actin-related protein 2/3
(Arp2/3), Gelsolin, and Lim kinase (Dillon and Goda, 2005). These proteins serve
various functions in the life cycle of filamentous actin such as capping, actin nucleation,
and catastrophe (Dillon and Goda, 2005). Actin filaments can be capped at either end by
F-actin Capping Protein (CP) or Gelsolin (Machesky and Insall, 1999; Dent and Gertler,
2003; Dillon and Goda, 2005; Cooper and Sept, 2008). Here proteins are added to either
end preventing the addition of new G-actin or removal of actin (Machesky and Insall,
1999; Dent and Gertler, 2003; Dillon and Goda, 2005; Cooper and Sept, 2008). For
example, CP and Gelsolin are responsible for binding to actin filament barbed ends to
block the extension of actin filaments (Machesky and Insall, 1999; Cooper and Sept,
2008). New actin filaments can grow out from already formed filaments. For this to
occur, new actin must be nucleated (Dillon and Goda, 2005). In the case of actin
nucleation, proteins such as Arp2/3 are responsible for initiation of new filaments at
nucleation sites (Dent and Gertler, 2003; Dillon and Goda, 2005). Finally, actin filaments
can be destroyed via a process known as catastrophe (Dent and Gertler, 2003; Dillon and

Goda, 2005). Filament catastrophe is initiated by another set of proteins, one important



member being cofilin (Dent and Gertler, 2003; Dillon and Goda, 2005), Cofilin binds
either G- or F- actin in a phospho-dependent manner (Arber et al., 1998; Bamburg, 1999;
Edwards et al., 1999; Stanyon and Bernard, 1999; Maciver and Hussey, 2002; Bokoch,
2003). Once bound, cofilin serves two separate functions (Maciver, 1998; Rosenblatt and
Mitchison, 1998; Maciver and Hussey, 2002). The first function for cofilin is to sever
actin filaments and the second is to increase the rate of G-actin removal from the pointed
end of actin filaments (Maciver, 1998; Rosenblatt and Mitchison, 1998; Maciver and
Hussey, 2002). This leads to overall actin filament catastrophe (Maciver, 1998;
Rosenblatt and Mitchison, 1998; Maciver and Hussey, 2002).

1.1.4 (b) Key Regulators of Neuronal Development - Rho GTPases

Proteins that regulate actin filament development and catastrophe are themselves
regulated by small GTPases known as Rho GTPases. (Dillon and Goda, 2005). Rho
GTPases are a subgroup of the small GTPase superfamily (Luo, 2000). The three most
common Rho GTPases affecting the actin cytoskeleton are Ras homologue member A
(RhoA), Ras-related C3 botulinum toxin substrate (Rac), and cell division cycle 42
(cdc42) (Luo, 2000). These Rho GTPases function as molecular switches (Luo, 2000).
They can be found in either an active GTP bound state or an inactive GDP bound state
(Fig 1.2) (Luo, 2000). Evidence for the involvement of activated Rho GTPases in
regulating the actin cytoskeleton stems from overexpression studies. Overexpression of
Rac in cells results in lamellipodia formation or membrane ruffling (Ridley et al., 1992;
Luo, 2000). Overexpression of cdc4?2 leads to filopodia formation or finger-like
projections (Nobes and Hall, 1995; Luo, 2000). Overexpression of Rho leads to a loss of
stress fibers (Ridley and Hall, 1992; Luo, 2000). When activated, these Rho GTPases

target downstream, actin effectors.



Downstream
Effectors

Figure 1.2 Model of RhoGTPase activation as modelled by Rac activation. Rho-
GTPases are activated in a GTP bound state by Guanine Nucleotide
Exhange Factors (GEFs) and inactivated by GTP hydrolysis by GTP

activating protiens (GAPs), Adopted from Etienne-Manneville and
Hall, 2002.



Rho GTPases target various downstream effectors to elicit responses in actin binding
proteins. For example, activated Rac targets synthesis of phosphatidylinositol 4,5-
bisphosphate (PIP;), which in turn removes the capping protein, Gelsolin, from the
barbed ends of actin filaments allowing filament polymerization (Machesky and Insall,
1999). The protein n-WASP binds and is activated by the Rho GTPase cdc42.

The association between cdc42 and nWASP functions as a switch to enable n-WASP
association with the actin nucleating protein Arp2/3 leading to the development of actin
filaments (Luo, 2000). In an example of actin catastrophe, active Rac binds p21-activated
kinase (PAK) leading to kinase activation of PAK (Bamburg, 1999; Edwards et al., 1999;
Stanyon and Bernard, 1999; Bokoch, 2003). Active PAK in turn activates Lim kinase by
a phospho-dependent mechanism (Bamburg, 1999; Edwards et al., 1999; Stanyon and
Bernard, 1999; Bokoch, 2003). Active Lim kinase then phosphorylates cofilin (Arber et
al., 1998; Bamburg, 1999; Edwards et al., 1999; Stanyon and Bernard, 1999; Bokoch,
2003). Phospho-cofilin can no longer bind actin, thus loses its ability to cause actin
catastrophe (Arber et al., 1998; Rosenblatt and Mitchison, 1998; Bamburg, 1999;
Maciver and Hussey, 2002). In the nervous system, Rho GTPases play a role in
regulating actin dynamics in axon and dendrite formation and in synaptic function
through the regulation of many different actin regulatory proteins (Van Aelst and
D'Souza-Schorey, 1997; Dent and Gertler, 2003; Dillon and Goda, 2005). Thus,
understanding actin regulation is critical to understanding neuronal polarity. Much of this
work on actin and actin regulatory proteins has been characterized using primary

dissociated hippocampal neurons as a model system.

1.2 DissocIATED HipPOCAMPAL NEURONS AND NEURON DEVELOPMENT

One of the best characterized models for neuronal development and polarization is the rat
dissociated hippocampal neuron culture (Arimura and Kaibuchi, 2007). This model
system was first characterized by Banker, Dotti, and Goslin in the 1980’s (Dotti and
Banker, 1987; Dotti et al., 1988; Goslin and Banker, 1989; Arimura and Kaibuchi, 2007).
In studying these neurons, Banker and colleagues noted five distinct morphological

stages of development (Fig. 1.3) (Dotti et al., 1988; Arimura and Kaibuchi, 2007).
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Figure 1.3 Model of the five stages of cultured hippocampal neuron development
as proposed by Banker and Colleagues.Modified from Dotti et al, 1988
and Arimura and Kaibuchi, 2007.



The first stage occurs immediately after isolation, dissociation and plating of E18 rat
hippocampal neurons (Dotti et al., 1988; Arimura and Kaibuchi, 2007). Upon plating,
individual cells extend membrane ruffles known as lamellipodia around the cell body
(Dotti et al., 1988; Arimura and Kaibuchi, 2007). Stage two occurs a few hours later, here
small or “minor” processes extend from the cell body (Dotti et al., 1988; Arimura and
Kaibuchi, 2007). In the next stage, stage 3, one of the minor processes rapidly extends
out, becoming an axon, a process occurring within 12 hours to two days of plating (Dotti
et al., 1988; Arimura and Kaibuchi, 2007). In stage 4, the other minor processes then go
through growth and retraction stages for another few days before extending out to
become dendrites (Dotti et al., 1988; Arimura and Kaibuchi, 2007). Finally, stage 5
occurs after seven days and involves maturation of dendrites including formation of
dendritic spines (Dotti et al., 1988; Arimura and Kaibuchi, 2007) (Fig. 1.3). Interestingly,
only one axon develops during neuronal differentiation, which raises an important
question, how/why does one process become an axon while the others remain dendrites?
Understanding this may provide insight into mechanisms for functional regeneration

following nerve or spinal cord injury where axons have been severed.

Axon outgrowth and neurite outgrowth in general are thought to involve the tight
regulation of positive and negative feedback loops controlling actin dynamics and
microtubules, another major structural protein found in cells (Andersen and Bi, 2000;
Arimura and Kaibuchi, 2007). This feedback is thought to be balanced during stage 2
development where all neurites are growing equally, however, during axon outgrowth (in
stage 3), it is thought that a net positive feedback loop initiates the newly forming axon
and a net negative feedback loop slows the growth of the remaining neurites with a net
result of a single axon forming (Andersen and Bi, 2000; Arimura and Kaibuchi, 2007). In
order for an axon to elongate, four major cellular events must occur (Arimura and
Kaibuchi, 2007). The four steps involve (i) increases in plasma membrane, (ii) receptor
activation, (ii1) the formation of actin filaments and (iv) microtubules (Arimura and
Kaibuchi, 2007). It is now thought that subsets of proteins are important for formation of

the different components including axon, dendrites, and synapses of the developing



neuron. This thesis will focus on the development of neuron polarity and the role of

polarity proteins in neuron development.

1.3 PROTEIN COMMUNICATION: PROTEIN DOMAINS

In recent years it has become more evident that the development of a differentiated
neuron is controlled in part by a set of conserved polarity protein complexes. These
polarity proteins function by regulating actin dynamics (Wiggin et al., 2005). Many of
these polarity proteins associate with one another to modify intracellular signaling
cascades regulating Rho GTPase activity and thus affecting actin dynamics. Successful

protein — protein communication is essential for regulating these cellular events.

1.3.1 Protein Domains

It is now clear that proteins interact with one another through a vast number of different
mechanisms. Proteins are composed of a primary amino acid structure, which take on
secondary structures such as -folds and/or a-helices. Several of these secondary
structures combine to allow a protein to take on a unique three-dimensional structure. It is
evident now that even within a protein there are unique regions which form discrete
modular domains (Pawson and Nash, 2003). Proteins are composed of several of these
modular three dimensional structures giving rise to protein structural diversity (Pawson
and Nash, 2003). Specifically, these modular domains allow for specificity in binding to
targets, commonly a recognition sequence or motif on another protein (Pawson and Nash,
2003). Protein domains are typically 35 to 150 amino acid sequences that recognize short
(four to ten) amino acid motifs in a target protein (Pawson et al., 2002). Domains can
function as independent units within a protein. Indeed protein domains, when removed
from the parental protein, maintain their structure, function, and binding affinities
(Pawson and Scott, 1997; Howard et al., 2003; Pawson and Nash, 2003). These modular
structures or protein domains are classified by their specificity for a binding site,

structure, and sequence similarity (Margolis et al., 1999). The majority of the work in this
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thesis will focus on proteins that contain two major protein-binding domains, the

phosphotyrosine binding (PTB) domain and PSD-95/Dlg homology/ZO-1 (PDZ) domain.

1.3.2 Phosphotyrosine Binding (PTB) Domains

The PTB domain was first identified in the adaptor protein Shc (Margolis et al., 1999).
Shortly following identification of the PTB domain in Shc, a PTB domain was also
identified in the Insulin Receptor Substrate (IRS) protein (Margolis et al., 1999).
Interestingly, the PTB domains of these two proteins show similar structural folds, yet
differ in binding specificity (Margolis et al., 1999). Thus, PTB domains are commonly
considered Shc-like or IRS-like. PTB domains were identified as binding primarily to
recognition sequences surrounding phosphotyrosine (pY) residues, these PTB domains
commonly recognize Asp-Pro-X-pTyr motifs, where X is any amino acid (Pawson and
Scott, 1997; Margolis et al., 1999; Pawson and Nash, 2000; Yaffe, 2002). PTB domain-
containing proteins gain specificity by the subset of amino acids (usually five to eight)
found N-terminally to the core pY site on their target binding protein (Pawson and Scott,
1997). Interestingly, some PTB domains also associate with recognition sequences
involving the same consensus sequence independently of tyrosine phosphorylation
(Margolis et al., 1999). For example, the PTB domain of the cell fate protein, Numb,
recognizes a non-phosphorylated tyrosine binding site on the E3 ubiquitin ligase, Ligand
of Numb Protein X (LNX), which targets Numb for degradation (Dho et al., 1998; Yaich
et al., 1998; Nie et al., 2002; Yaffe, 2002; Schlessinger and Lemmon, 2003).
Furthermore, the PTB domains of proteins X11 and FE65 also recognize non-
phosphorylated tyrosine sites (Pawson and Scott, 1997; Schlessinger and Lemmon,
2003). Recent reports show that some PTB domains recognize binding sites that lack
tyrosines altogether (Yaffe, 2002). For example, PTB domain of Numb is bound by
Numb-associated kinase (NAK) in an amino acid sequence motif independent of
tyrosines (Yaffe, 2002). Finally, PTB domains, such as the Shc PTB domain, can bind to
phospholipids in a mechanism independent of protein recognition sites (Yaffe, 2002).
The ability of PTB domains to recognize and bind multiple different recognitions sites

illustrates the modular, dynamic, and diverse nature of these interaction domains.
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1.3.3 PDZ Domains

Another common protein domain is the PDZ domain. PDZ domains are typically 90
amino acids long and contain six anti-parallel -strands and two a—helices (Sheng and
Sala, 2001). PDZ domains typically associate with target proteins in one of two ways.
They either recognize a short peptide sequence immediately preceding a free carboxylate
group at the C-terminus of their target, this sequence is commonly X-thr/Ser-X-Val-
COQO’, where X is any amino acid (Pawson and Scott, 1997; Pawson and Nash, 2000,
2003; Kim and Sheng, 2004). The C-terminus of the target peptide fits into a binding
pocket between the last B-strands and the first a—helix (Doyle et al., 1996; Sheng and
Sala, 2001). In the other mechanism of binding, PDZ domains associate with other PDZ
domains (Pawson and Nash, 2000, 2003). This typically involves a B-finger fold that can
insert into the PDZ binding pocket (Sheng and Sala, 2001). For example, the postsynaptic
density protein (PSD), PSD-95, interacts with neuronal Nitric Oxide Synthase (nNOS)
through a PDZ-PDZ domain interaction and acts to localize nNOS to NMDA receptors
located at the PSD (Christopherson et al., 1999). Finally, recent data suggests that PDZ
domains can also recognize lipids (Feng and Zhang, 2009), again suggesting the highly

dynamic nature of these protein domains.

Many proteins are not limited to one modular protein domain, but contain several
domains that allow these proteins to form multiple interactions, to amplify signals by
binding multiples of the same target, or have different binding specificities for different
targets (Pawson and Scott, 1997; Pawson and Nash, 2000). For example many PDZ
domain containing proteins contain other signaling domains including Src-Homology 3
(SH3), PTB domains or catalytic domains in addition to a PDZ domain (Pawson and
Scott, 1997). Some PDZ domain containing proteins, such as GRIP, contain as many as 7
tandem PDZ domains, making these proteins great adaptors for signaling purposes (Kim
and Sheng, 2004). The idea that protein domains can function together has been adapted
more recently to connect different signaling pathways to rewire cellular signaling
(Howard et al., 2003). By selectively generating constructs from proteins within specific
signaling pathways, these pathways can be reengineered for novel function. For example

turning a prosurvival pathway into an apoptotic response, may provide a mechanism to
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overcome diseases such as cancer (Howard et al., 2003). Furthermore, these modular
domains are key components to polarity protein networks that allow for proper formation

and function of polarized cell and cell structures such as neurons and associated synapses.

1.4 POLARITY PROTEINS

1.4.1 Identification of Cellular Polarity

Proteins responsible for cell polarity developed from initial studies by Ken Kemphues
(Cornell University) and colleagues who focused on Caenorhabditis elegans embryo
development (Kemphues et al., 1988; Kemphues, 2000; Macara, 2004b). In a screen
looking for defects in the development of a single cell embryo, they found that once
fertilized, the one cell embryo undergoes a characteristic stage of development. This is
characterized by the development of the mitotic spindle with one spindle pole moving in
close opposition to the cortical membrane relative to the other mitotic spindle, while the
other pole remains in place (Kemphues et al., 1988; Kemphues, 2000; Goldstein and
Macara, 2007). Upon division, this creates two cells, with the more anterior cell being
larger in size relative to the posterior cells (Kemphues et al., 1988; Kemphues, 2000).
The mitotic spindle of the more anterior cell then rotates 90 degrees relative to the
posterior cell (Kemphues et al., 1988; Kemphues, 2000). This process leads to cellular
diversity and contributes to multicellular organisms (Kemphues et al., 1988; Kemphues,
2000). The screen Kemphues used was designed to identify defects in this characteristic
division paradigm (Kemphues et al., 1988; Kemphues, 2000). They identified six genes
they called Partition defective or PAR genes in addition to protein kinase C3 (pkc3;
atypical Protein Kinase C - aPKC) (Kemphues et al., 1988; Kemphues, 2000; Macara,
2004b; Goldstein and Macara, 2007). The proteins were initially identified in C.elegans
have been shown to function in many species and cell types including Drosophila,
Saccharomyces cerevisiae, and mammalian systems. Since the discovery of the initial
PAR genes, three major polarity complexes have been identified and the best-

characterized cell system to date is the epithelial cell.
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1.4.2 Three major protein complexes

Subsequent studies, mainly focused in epithelial cells, have identified three major
conserved protein complexes responsible for formation of cellular polarity (Fig. 1.4). The
first complex involves Scribble (Scrib)/Discs Large (Dlg)/Lethal Giant Larvae (Lgl), the
second involves PAR3/PARG6/atypical Protein Kinase C (aPKC), and the third involves
Crumbs (Crb)/Stardust (Sdt)/Pals-associated tight-junction protein (Patj)) (Roh and
Margolis, 2003; Macara, 2004b). These three complexes localize to specific regions of
epithelial cells and appear to act in concert to regulate cellular polarity. For example, the
Scrib/DIg(or SAP97 in mammalian systems)/Lgl complex localizes more to the
basolateral surface (Bilder et al., 2003) or below the TJ on the lateral membrane. The
PAR3/PAR6/aPKC complex localizes to the tight junctions (TJ) of mammalian epithelial
cells, each member is required to be in a heterotrimeric complex in order for this
localization to occur (Roh and Margolis, 2003; Macara, 2004b). In addition, the
Crb/Std/Patj complex also localizes to the apical region in mammalian epithelia (Roh and
Margolis, 2003; Macara, 2004b). Some studies suggest that the Par3/Par6/aPKC complex
signals through the Crb/Std/Patj complex to define apical polarity (Roh and Margolis,
2003). Further, it is thought that the Scrib/Dlg/Lgl complex antagonizes the Crb/Std/Patj
complex after initiation by the PAR3/PAR6/aPKC complex in a feedback loop, this
allows tight regulation of epithelial polarity (Bilder et al., 2003; Roh and Margolis, 2003;
Tanentzapf and Tepass, 2003; Macara, 2004b). Interestingly, members from the three
major polarity complexes interact directly (Macara, 2004b). Par6 binds directly to Lgl
(Betschinger et al., 2003; Plant et al., 2003; Yamanaka et al., 2003) and the Std
mammalian homologue, protein associated with LIN7 (PALS) (Hurd et al., 2003).
Together, these studies suggest that although three general polarity complexes have been

identified, they nonetheless communicate with and regulate the function of one another.

14



Mammalian Epidermal Cell

APICAL

| CRB/PALS/PAT)

Tight Junction Il PAR3/PARG/aPKC

Adherens Junction

DLG/SCRIB/LGL

BASAL

Figure 1.4 Maodel of the three major polarity complexes in epidermal
cells. Modified from Macara, 2004,
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1.5 POLARITY PROTEINS IN EPITHELIAL POLARITY AND NEURON
DEVELOPMENT
Polarity proteins have been shown to regulate many aspects of both epithelial and
neuronal polarit