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Abstract

Polarized cell movements are essential to the cell rearrangements that occur during
morphogenesis. [Kenopuscell polarity is reflected in thdirectional cell intercalations that
drive the morphogenetic mowvents characterizing gastrulation. While these cell behaviours are
well described, the molecular mechanism underlying this cidrippis unknown. PAR is a
multi-domain scaffolding protein and a key regulator of cell polatityave isolated a cDNA
encodingXenopusPAR-3 ard generated several mutant constructs, each lacking a conserved
domain Initial characterization of GFRagged PAR3 in A6 cells demonstrates localization to
points of cellcell contact in epithelial sheetss well as at the lding edge of migrating cells.
PAR-3 constructs lacking the CR1 or PDZ1 domain fail to compartmentalize properly and are
found in the cytoplasm. Eliminating the PDZ3 domain resultedlass of contact inhibition
Mutation of the aPKC phosphorylatisite created a membrane hyya&cumulatiorphenotype.
Together these data suggest that the CR1 and PDZ1 domains mediate membrane
compartmentalization that is modulated through aPKC phosphorylation, while the PDZ3 domain
is required for contact inhibition. mbryos, PAR3 is expressed throughout gastrulation and
overexpression of PAR inhibits blastopore closure indicating a requirement during
gastrulation. Inhibition is relieved when the consttacking the CR1 domaiis over
expressedPAR-3 was locailzed to the cell periphery in axial mesodertoocalizationwas
abolished withdeletion of the CR1 domain indicatitigat membrane targeting of PARis
required for gastrulatioand this targeting is dependent on oligomerizabbRAR-3. This
investigaton also suggesBAR-3 functions independent of the PAR compleXanopus

embryos indicating involvement of a different PARsignaling pathway.
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Chapter 1

Intr oduction

1.1 Polarized cell movements irXenopus laevisGastrulation

Establishing polarity is fundamental to the function of all eukaryotic cells. Cell polarity
is required for oriented cell divisions, functional specialization of cells, and tissue orgamizat
(1, 2). Polarity is also essential to the directed cell movements which drive embryod8hesis
In Xenopudaevis an animal/vegetal polarity is first noticeable in the mature oocyte through
asymmetric accumui@n of yolk granules, pigment, mMRNA and prote{ds Following
fertilization, cleavage results in the subdivision of the domains established during ooffenesis
5). As cleavage proceeds a fluid filled cavity, the blastocoel, is formed at the animal pole.
During cleavage the three primary gelayers are establisbdthrough inductive interactions
between the animal and vegetal tiss{@s This results in presumptive ectoderm at thenaihi
pole, an equatorial band of presumptive mesoderm and the vegetal hemisphere is occupied by the
large yolkfilled endoderm.

Gastrulation is the process in which the three primary germ layers are rearranged to
generate the tripoblastic embr{) 7). Gastrulation is driven through localized domains of
oriented cell movemen(8). The globaltearrangements that are seen during gastrulation are the
summation of the individual cell movements that oaeitinin the segregated domairé, 7).
Xenopugastrulation is characterized by spatially and temporally controlled morphogenetic

movements; involution, vegetal rotation, epiboly and convergent extension (Figar®,190).
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Figure 1. Xenopus Gastrulation Movements. Gastrulation generates the architecture of the early
tripoblastic embryo by positioning the ectoderm (blue) andttside, endoderm (yellow), on the inside

and mesoderm (red) in between. Gastrulation is initiated at Stage 10 with formation of the blastopore lip
and is distinguished by several mophogenetic movements, vegetal rotation (yellow), epiboly (blue),
involution (red) and convergent extension (greé&aapted from Sevan, 201Q).



Gastrulation is first observed on the dorsal side of the embryo when a group of superficial
epithelial bottle cells constrict apically creating an invagination on the dorsal side of the embryo
known as the blastopore l{ft2). Vegetal rotation, the inward surge of deep vegetal endoderm
cells (Figure 1, yellow armes) drives involution of the dorsal bottle cells as well as the
superficial equatorial mesoderm (Figure 1, red arrgd@) At the onset of gastrulation a
fibronectin (FN) matrixis assembled across the blasgecoof (BCR)(13). The leading edge of
the involuted mesoderm (mesendoderm) migrates directionally along the FN matrix towards the
animal polg(14). The directionality of mesendoderm migration stems from a planar polarity
signal emanating from the vegetal endoderm ¢&8s

Sub®quent to involution, the axialesoderm converges towards the midline and extends
towards the anterior of the embryo (Figure 1, green). Convergent extension (CE) is driven by the
mediolateral intercalation of cells resulting in axial exteng®n The cell movements of CE are
directional, and cells acquire polarity cues before the initiation of intercaldpn Prior to CE,
axial mesoderm cells are igelar in shape and exhibit random protrusive activity (Figure 2a)
(16). Atthe onset of CE cells become bipolar, displaying medial and lateral lamellar protrusions
(Figure 2b). The mesoderm cells then use these lamellar protrusions to crawl past each other
using the surface afeighboring cells for tractiofl6, 17). The tension created by the cells
pulling on their neighbors results furthercell elongation along the mediolateral a§d3). At
the midgastrula stage, Stage 11.5, the FN rich notoeBondite boundary (NSB) forms (Figure

2¢) (19).
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Figure 2. Mediolateral Cell Intercalation. Before convergent extension (CE) begins mesoderm cells
are unpolarized and randomly protrusive (a). Lamellar protrusions become isolated to the mediolateral
ends at the onset of CE and exert traction on adjacent o&fisa result the cells pull past one another
intercalating toward the midline with the resulting tension causing an elongate cell shape (b). The
notochordal somatic boundary (NSB) begins to form at the late midgastrula stage (c). The NSB matures
as lanellopodial protrusion ceases and cells flatten at the NSB (d). The axial mesoderm continues to
intercalate eventually bringing all cells into contact with the NSB and causing elongation of the
anterior/posterior axis (e)Adapted from Keller et al., 2000



Cells in the notochord and psemitic mesoderm continue to undergo mediolateral intercalation
between the tissue boundaries resulting in thinning of the tissue mediolaterally and extension of
the anterior/posterior ax{gigure 2¢ (16, 19).

In the animal hemisphere, the ectoderm spreads through epilerigagmpasthe
emlryo surface (Figure 1, blue). Epiboly occurs as deep cells intercalate normal to the embryo
surface thinning to a single layer. In this way the BCR is thinned resulting in a circumferential
vegetal spreading of the ectodefh®). The molecular mechanisms behind radial inteteah
remain uncharacterizeldowever they require both cell polarization and contact of the deep cells
with the FN matrix on the BCR0).

The directional cell movements that ultimately drive gastrulation require the
establishment and manifestation of cell polarienopus laeviembryos are preferredmodel
for the stidy of the morphogenetic movements which drive gastrulation because of their large
size and rapid development. Furthermore, explanted tissueX&onapusembryos will reiterate
the complex morphogenetic movements, allowing both external and deep cetherus to be
observed21). While the individual cell movements and the consequent tissue rearrangements
have been extensively characterize&@nopughe molecular mechanism regulating polarity

remains unknown.

1.2 Cell Polarity

Cell polarity can be described in referencen® drientation of the organelles and
cytoskeleton of an individual cell, or as the orientation of a cell with respect to its neighbors.

Molecular analysis of these two forms of polarity identified two distinct signaling cassettes.



Coordination of polarit with respect to neighboring cells is regulated by planar cell polarity
(PCP)signalingand isessential to embryogenesiBirst characterized iBrosophilathe PCP
cassette includeBishevéled (Dsh), Frizzled (Fz), Vamprgogh (Vang) Prickle (Pk) and Rigo
(Dgo) proteing3). PCP ginaling has been extensively studieddmosophilaand is responsible
for orientation of wing hairs, ommatidia in the eye, as well as sensory b(&2Jedn mammals
a similar system was identified (often referred to as thecaoonical Wnt pathway) and
regulates orientation of auditory stecilia and epithelial hairg3). PCPsignaling has also been
identified inXenopusand plays unidentified roles aonditioning of the FN matrias well as CE
(8, 23, 24). Coordinaibn of polarity across tissaevas initidly considered separate from
individual cell polarization. Howeverecent investigations have found that the PCP cassette
demonstrates convergent signaling with individual cell polarity. Individual cell poisrity
mediated through a family of proteins known as the PAR proteins (see section 1.3 below). PAR
1 has been shown to regulate Dsh and aPKC function and interacts with(2&82%3). These
interactions may indicate that polarity whether in sheets of cells or in isolated celldrst@ms

the same basic signaling cassettes.

1.3PAR Mediated Cell Polarity
1.3.1Polarization of the C. elegangZygote

The paritioning defective par) genes were initially identified i@aenorhabditis elegans
through materna¢ffect mutations disrupting polarization of tlirst zygotic cleavageThepar
genes encode the six PAR proteins which make up a set of cortically ersighalihg and
scaffolding proteins. PAR and PAR4 are seringhreonine kinases, PAR is a member of the

14-3-3 protein family which binds phosphoserine residues, BARd PAR6 are scaffolding



proteins, and PAR is a RING finger protein involved protein ubiquitinatior(1, 27, 28)
Mutation of thepkc3 gene, which encodes an atypical protein kinase C (aPM€2) resulted in

a loss of polarized division and as a consequence aPKC is includegar tassett€29).

The PAR proteins generate asymmetry inGhelegan®ocyte through the formation of
polarized domains at the anterior and posterior cortex of the oocyteg Byfdr 30). Prior to
fertilization theC. elegan®ocyte is unpolarized andglPARs are expressed throughout the
oocyte. PAR3, PARG6, and aPKGre enriched at the cell cortex, while the remaining PARs are
present mostly in the cytoplasm. Oocyte symmetry is broken upon fertilization through a cue
given by the male centrosome ddfigp the prospective posterior of the zyg(8&). The pohrity
cue results in downegulation of cortical contraction at the posterior of the zygote creating an
anterior cortical flon(31). The cortically enriched PAR/PAR-6/aPKC clears from the nen
contractile posterior corterpoving with the anterior flowand is replaced by PAR and PAR2

(31).

Anterior Posterior

PAR3
PARS
aPKC

Figure 3. PAR localization in the C. eleganszygote. Distinct domains are formed through the
segregation of PAR3/PAR6/aPKC to the anterior cortex (red) andIPRRR-2 to the posterior cortex
(yellow). These domains are then maintained through mutual antagonism between the anterior and
posterior RARs. PAR4 and PAR5 remain uniformly distributed and aid in maintenance of the two
domains. Adapted from Macara, 2004.



PAR-3, PAR6 and aPKC define the anterior domain while PARnd PAR2 define the
posterior domain. The separate domains are stadiknd maintained through antagonistic
kinase activity between the anterior and posteriors PARS. In the posteriet PAdSphorylates
PAR-3 while aPKC phosphorylates PARat the anteriofl, 29). PAR-5, which remains
distributed symmetrically, is responsible for the binding and renavaiosphorylated proteins
(). The antagosim between the opposing PARs is essential to the maintenance of the anterior
and posterior domains and removal of either set of PARSs results in the loss of polarityC.In the
eleganembryo the manifestation of cell polarity is the segregation of detants as well as
displacement of the mitotic spindle towards the posterior. siheequentleavage is

asymmetric creating two unique daughter cells with distinct fates.

1.3.2The PAR Complex
The anterior PARs (PAR, PARG6, and aPKChereatfter referred tasghe PAR compléx

co-localize and form aignalingcomplex with each member having a clearly defiree

(Figure 4). PAR3 and PARG are scaffolding proteins and aPKC is the catalytic member of the
complex phosphorylating target molecu{2%). Atypical PKC possesses a PB1 scaffolding
domain which constitutively binds PARthrough binding of the PB1 domain in PAR27, 30).
PAR-6 then functions as an adapter scaffold linking aPKC to other members of the complex.
PAR-6 also contains a PDZ domain responsible for recruitment of tdogyetBKC

phosphorylation including Crumbs (Crb) and the Lethal giant larvae (Lgl) which are downstream



regulators of cell polarit{32, 33). Furthermore, PAFS recruits PAR3 to the PAR complex

through interaction of theDZ of PAR-6 with the PDZ1 domain of PAR (34).

apkc | PB1 ||| Zn | | Kinase domain

"; Semi-CRIB
PAR6 | PB1 []ﬁ PDZ |

(CR1 |: " :
PAR3 [ | |Pozi| [Ppz2] [Poz3| [ aPKCBD

Self-association

Figure 4. The PAR Complex. PAR-3, PARG6, and aPKC associate to form a polarity complex. AR
and aPKC interact through their PB1 domains, while BA&d PAR6 associate through PDZ domains.
PAR-3 recruits aPKC phosphorylation targets through the P@#aihs, and is a target itself for aPKC
phosphorylation at its aPKC binding domain (aPKCBBj§lapted from Macara, 2004.

PAR-3 is a multiPDZ scaffolding protein responsible for targeting the RédRplex to
the cell cortex. This targeting is mediatedthg second PDZ domain of PARwhich has a
high affinity for membrane phospholipi@35). Oligomerization of PARB, mediated through
the Ntermind CR1 domain, results in higherder scaffolds and enhanced recruitment of the
PAR complex to the membra(®&5, 36). The PAR3 scaffold thenecruits downstream effector
molecules such as the lipid phosphatase PTEN (phosphatase and tensin homolog), which
associates with the third PDZ domain of RBR35, 37), as well as further phosphorylation
targets for aPKC including the Rapecific nucleotide exchange factor (RaEF) Tiam1 and
the endocytic adapter protein Nurf8¥i 40). PAR-3 itself is a target for aPKC and ei

phosphorylated PAR dissociates from the PAR complex. This release frees the first PDZ



domain of PAR3 from PAR®G, allowing this domain to mediate interaction with the adhesion
molecules JAM (junctional adhesion molecule) and nectin, as well as trekeldtal motor

protein dynein(41i 44).

Regulation of RKC is mediated in part by itsrm finger motif as well as through
activation by CDC4230, 42). PAR-6 contains a seArCRIB (CDC42/Radnteractive binding)
motif which binds CDC42 allowing for CDC42 activation of aPKR2). The PAR complex is
highly conserved and the scaffolding properties of FBA&d PAR6 combined with the
catalytic activity of aPKC allow the PAR complex to regulate multiple effector pathways
including spindle orientation, epitlial junction formationendocytosis, anthe actin

cytoskeletor(45).

1.3.3 Epithelial Polarity

Cell polarization is essential to the structune &unction of epithelia. Epithelial cells are
bound together through tight junctions and adherens junctions to form epithelial sheets that act as
physical and molecular barriers. The tight junctions are formed at the apical/lateral surface and
define he bounary between the apical and biaderalmembrane domains. The PAR proteins

play essential roles in establishing and maintaining epithelial cell membrane domains.

In mammalian cells epithelial polarization is initiated by-cell contact. Adhesn
molecules of the nectin family along with junctional adhesion molecules (JAM) accumulate at
the celtcell contact region and form intercellular adhesi(31s46). PAR 3 is then recruited to
adhesion sites through intetianis mediated via its first PDZ domain and nectins or JA®/

31, 46). PAR3 in turn recruits Ecadherins through the third PDZ domain to the forming

10



nascent adherens junctiof@s). This results in CDC42 activation bydadherin andubsequent
recruitment of activated aPKC and PAK1, 27). The activated PAB/aPKC complex recruits
the Crumbs complex, consisting of Crunfisb), andthe scaffolding proteins PALSANd PATJ
and together they define the apical membi@n81). Subsequently, PAR and the Scribble
complex consisting of Discs large (Dgl), Scribbler{B) and Lethal giant larvae (Lgl), are

localized to the basolateral membrg8&, 48).

Once the apical/basolateral membrane domainesaablished the PAB/aPKC/Crband
PAR-1/Scrib complexes maintain the integrity of these domains through mutual antagonism
(Figure 5). In the apical domain PARis phosphorylated by aPKC. This creates a binding site
for PAR-5 which binds PARL and removes it from the apical membrébe Lgl is similarly
phosphorylated by active aPKC peering Lgl association with the apical cor{g9).
Conversely, in the basolateral domain Lgl binds aPKC/ABABsulting in its inactivation and
removal from the membrar{0). PAR1 also phosphorylates PARcreating a PARS binding
site and inhibiting basal PAR localization(1, 51). ActivatedaPKC phosphorylates PAR
resulting in its dissociation from the PAR complex and exclusion from the apical d(#7gin
The anagonism of both aPKC and PARagainst PAR3 segregates PAR into a band at the
boundary between the apical and basolateral domains. Her&R#sRilizes tight junction
formation through sequestering the RGEF Tiam1(37). The sequestering of Tiam1 prevents

its activation by aPKC railting in lowered Rac activity and stabilization of cortical actin fibers

(37).
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Figure 5. Epithelial Polarization. The PARs work together with the Crumbs (Crb) and Scribble (Scrib)
complexes to generated the three unique epithelial domains: apical j@edtional (green), and
basolatera(blue). The apical domain is defined by the Crb complex along with-® ARd aPKC, while

the basolateral domain is defined by RARand the Scrib complex. PARis responsible for the
recruitment of junctional moledes and defines the junctional membrane domain at the apical/lateral
boundary. The separate domains are maintained through antagonism between the polarity complexes.
Adapted from St Johnston and Sanson, 2011

12



1.3.4Polarized Cell Migration

Cell migrationis an essential behaviour in most cells types. Migrating cells are polarized
with a protrusive front end and retracting rear. This polarized phenotype is regulated through the
cytoskeleton. Migrating cells display two defining morphologies: orientatidime centrosome

in the direction of migration and the formation of membrane protrusive activity at the front end.

In astrocytes, after initiation of migration PARand aPKC are recruited to the leading
edge by activated CDC42. CDC42 subsequentlyatets aPKC which in turn phosphorylates
and inactivates GSR b . The result of this phosphoryl ati
microtubule plus ends orienting the centrosome and promoting microtubule (MT) outgrowth
towards the leading ed@83). In astrocytes cell polarization appears to be mediated primarily
through the MT cytoskeleton and PARdoesot localize to the leading edge and instead
remains at celtell contacts where it maintains centrosome positio@dly PAR3 binds the

motor protein dynein, which generates tenghrough the MTs that oriettie centrosom@i4).

In migrating fibroblasts polarized protrusive activity is mediated by PAR complex
regulation of the Rac/Rho pathway GTPases. In these cells the PAR complakiedbio the
protrusive front end of migrating cells. PARhen recruits Tiam1 to the leading edge where it
is activated by aPKC, resulting in accumulation of active Rac at the leadin¢b@lg&ac
activity stimulates lamellopodial formation at the front €68). The PAR complex also
recruitments Smurfl, a ubitquitin ligase, to the leading edge where it promotes degradation of
RhoA preventing actin contraction at the front €68 54). This results in accumulation of
RhoA at the rear end of the cell where it promotes retraction of the trailing end of the migrating

cell.
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Figure 6. The PAR complex in cell migration. The PAR complex orients the microtubule organizing
centre (MTOC) and regulates protrusive activity during cell migration. MTOC orientation is regulated
through aPKC phosphorylation and subsequent inactivation of&8K PC thén associates with Dlg at

the leading edge where it stabilizes microtubules. The PAR complex also recruits and activates Tiam1 at
the leading edge resulting in Rac activation and up regulation of protrusive activitspted from
Humbert et al., 208

1.4PARs in Xenopus

The highly conserved nature of the PAR proteins and their ubiquitous role in cell
polarization makes them key candidates for the molecular mechanism underlying convergent
extension inXenopus laevisPAR-1 and PARG are expressedritughoutXenopus

development, and PAR and aPKC have only been described in the mature o@&itg?).

14



Roles for the PAR proteins have been described in functional assays that evalcelle the
movements of CE. Explants isolated from the animal pole of the blastula stage éAminyal
cap)will elongate by CE when treated with activin. Animal caps taken from embryos over
expressing PARL, PAR®G, rat PAR3, aPKC or a dominant negative aPKiiled to extend
when treated with activin. Similar results were obtained in animal caps wherl BARARG6
were knocked down with morpholin¢g8). The similar effects observed withtest over
expression or knockdown indicates balanced expression of RRRR6 and aPKC is required
for control of CE movementsThis indicateritical roles for PAR proteins in regulating

convergent extensioauring Xenopugastrulation.

1.5 Experimental Objectives

The tissue rearrangements that occur duxiegopusievelopment requirgolarized cell
movements. With evidence that the PAR proteins are likely involvidsmpolarizationthe cell
movements duringenopugastrulation provide a goad vivomodel for describing the
functional role of PAR3. The aim of this study is to provide an initial characterization of the
role PAR3 plays in early)Xenopugievelopment. Previous studies of PARXenopusave
focused on PARL, PARG6 as well as aPKC ariittle is known abouXenopuAR-3. The
approach | used to address the functioXefopud?AR-3 was to isolate a specispecific
cDNA, and generate constructs that lack the conserved functional domains described in
mammalian PAR3 (see Section 2.1) hE deletion constructs were then tagged with GFP and
localization was observed KenopusA6 cells. Domain function was correlatedhvsub

cellular localizatiorusing functional assays (Scratch and Calcium switch assays) in A6 cells. The
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GFP tagged comsicts were then overxpressed in embryos and stddlular localization was
correlated with developmental defects in polarized cell movements. This approach allows me to

form an initial functional characterization ¥enopusPAR-3.
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Chapter 2

Materials and Methods

2.1 Cloning and Mutagenesis

2.1.1Initial Cloning of PAR -3

A full length Xenopus laevi®AR-3 cDNA EST was obtained as an Image Consortium
clonefrom Open Biosystems (Waltham MAccession# NM_001092545, Clone 1D:5084932).
The protein coding sequence was isolatsidg hotstart PCR and Pfu polymerase (Fermentas,
Burlington, ON). Briefly, a 5QL reaction was prepared containing 20ng of the FBARST,
100ng Forward Primer, 100ng Reverse prifia@ble 1) 0.2mM dNTPs (Fermentas, Burlington,
ON), and 1¥fu buffer wth MgSQ, (supplied by the manufacturer). The forward and reverse
primers were designed to include EcoRI and Xkatriction enzymeonsensus sites. The PCR
was conducted with avo minutehot start at 95°C after which 21%fu polymerase (Fermentas,
Burlington, ON) was added then 28 cycles of: 30 sec at 95°C, 30 sec at 50Ca768°C.

An additionalfive minutesat 68°C was included at the end of the last cycle. The PCR product

was digested with EcoRI and Xbal restriction enzymes (Fermentasdgarli ON). The

restriction digest was separated on a 1% TAE agarogéQealontaining 0.2ug/mL ethidium

bromide and the band representing#dR-3 cDNA isolated using an illustra GFX PCR DNA

and Gel Band Purification kit (GE Healthcare,

The PARS3 coding sequence was ligated two hoursat room temperature into
Bluescript SK 1l (+) (Agilent Technologies Canada Inc., Misaigga, ON), previously digested
with EcoRI and Xbal, using 200u T4 DNA ligase (Fermentas, Burlington, ON). The ligated

productwas then transformed into competent-XIBlue E. coli(60). Briefly, XL-1 Blue were
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thawed on ice and 250ng of the ligated plaswad added. The samples were mixed gently and
incubated on ice for 1Minutes The samples were then heat shocked faetsat 42°C and
replaced on ice fawo minutes Luria broth (LB: 5g Tryptone, 2.5g Yeast extract, 5g NacCl in
500mL H0) was addedotthe samples (300uL) and thengreplaced on a shaker at 37°C for 30
minutes The bacterial mixturevasspread onto two LB agar plates containing 50ug/mL
ampicillin one with a low cell density (50uL) and one with a high cell density (250uL). Cultures
were incubated overnight at 37°C. Two positive colonies were then selected and inoculated in
LB containing 50ug/mL of ampicillin and placed on a shaker at 37°C overnight. The plasmid
was isolated from the bacterial culture using a Higlieed Plasmid Mini K (FroggaBio,

Toronto, ON) according to the instructions provided. The isolated plasmid was run on a 1%
TAE agarose gel, as previously described, to determine DNA concentration. Thg PAR
Bluescript plasmid (XPAR3 BS) was digested with EcoRI and Xbabahe digest separated on

a 1% TAE agarose gel to confirm the presence of insert

2.1.2Mutagenesis of PAR3

The XPAR3 BS construct was then used to crehgedeletion constructs described
bel ow (Figure 7). To cr eat ecotebthe Ne@iRdl50c onst r u
amino acids was removed fromPAR codi ng sequence using the &a&C
PAR-3 reverse primer (Table 1). The mutagenesis was carried out using standard te¢bBjques
and the PCR was conducted with a combination of 0.25u Pfu and 5.0u Taqg polymerase

(Fermentas, Burlington, ON). The PCR was conducted as described in Section 2.1.1 using the
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following cycles: 30 ec at 95°C, 30 sec at 45°C, 3 min at 720 additionalfive minutesat
72°C was included at the end of the last cycle.

T h e @B fbAslructs were created through inverse PCR according to standard
protocols6)usi ng t he corresponding primers descri b
contains a deletion of bp 6345 of the PAR3 coding sequence, encoding aa-308. The
&PDZ2 construct c on t-1458 nfshe BARYceding dequenne resultingarp 1 2 1
deletion of aa 404 8 6 . Lastly, aePDzZ3 c-bp88ltohtherPrAR3 @odimhe | et i ©
sequence, deleting aa 5827. Following the PCR reaction the template was removed from the
reaction using Dpnl (Fermentas, Bogton, ON). The digested samples were separated on a 1%

TAE agarose gel and the band representing the deletion construct was purified as outlined in
Section 2.1.1.0ne hundred and fifty nanograrmfthe purified deletion constructs was
phosphorylated uisg 10u T4 Polynucleotide Kinase (PNK) (Fermentas, Burlington, ON), with
1mM ATP, and 1xPNK Reaction Buffer A (10x stock provided by manufacturer). The samples
were incubated at 37°C for 30inutesthen heated to 70°C for 10 nuitesbefore being purified

using a Gel/PCR DNA Fragments Extraction Kit (FroggaBio, Toronto, ON). The purification

was conducted according to the instructions provided and the DNA eluted from the column using
22uL of sterile water. The samples were then run on a 1% agaroselg@rmine the

concentration and 100ng of each sample was ligated overnight at 14°C then transformed into

XL-1 Blue described previously (Section 2.1.1).
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Figure 7. PAR-3 Constructs. lllustration of full length PAR3 and PAR3 deletion and point mutati
constructs. PDZ domains are shown in red and conserved regions (CR) are shown ifPditu
mutations are represented by *. For the CR1 construct an ATG start codon was included in thi
primer.

Site directed mutagenegi®?) was used to alter the aPKC phosphorylation site by
replacing the adenirend guanineesidue of the AGC codon (bp 2322331) withguanineand
cytosineresidue respectiely. This point mutation changes the encoded amino acid, serine 777,
to an al anine. The PCR reaction was carried
S777A primers described in Table 1. The PCR product was digested with Dpnl to remove

temgate, purified, and then transformed as previously described (Section 2.1.2).
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Table 1. PCR Primers

Construct DNA Primer Sequence Location (bp)
PAR-3 For 506 GCBGAAGGTGACG 3506 1-12 (56EcoR
Rev 6 GGGTCTAGACTACCTGTCACAG 32023227 56 Xbal

®CR1 For 50 GCBGABATTTGGAACATGGTGAC 148167 (56Ec
Rev 6 GGGTCTAGACTACCTGTCACAG?32023222( 56XL
®PDZ1 For 56 CCCGTGATCTGGTTCCACGTGG 916941
Rev 506 AGCATGGCCGACAGGI& CCACT 607-633
®PDZ2 For 506 CGAAGEBAGGACGGAGCAG 306 14591483
Rev 6 ACTGTTGGTGGGGGAGTTGACT 11891215
®PDZ3 For 506 AGAGGGATGATCCAGCTAATTG 18821907
Rev 6 CTCCCGTGTTCCATGBBGGAGT C 15941620
S777A For 506 GGGTTTEE@EBTGTCAGSAAAAACG
Rev 506 GCGTTTEEECGEGSCSGGCAAACC 23142346

*Start codos are shown in yellow and tip@int mutation is indicated in red

2.1.3Subcloning

The PAR3S coding sequence and @CR1 construct

using EcoRI and Xbal restriction enzymes as outlinéglenct i ons 2. 1. 1 a3nd 2.

and S777A coding sequences were digestion from correspoBSipasmids with EcoRI and

Xbal restriction enzymes as described. The plasmid was then further digested using Scal before
the sample was run on a 1% TA§aaose gel. The bds corresponding twoding sequences

the mutated constructgere purified from the gel. The digeste@R productsvere ligated

(Section 2.1.1) into th€S2GFPN1 vector (Figure 8, gift from J. Miller, University of

Minnesota) that &d been previously digested with EcoRI and Xbal. The ligated samples were
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then transformed into X1 Blue and the plasmids isolated from bacterial culture as described

(Section 2.1.1)

pCS2+GFP-N1

—

F—BamHIl -

= > =
E Sph zmo“; :%EEE 7
Eprr;:ﬁmr:r GFP {"il.}'}g ?'ihj.fTT

promoter
——

Not1
Dsat
Sacll
BstXl
Nsit
Apail
AspT18

t T3 promoter

Pvull

pCS2+GFP-N1

Pstl EcoRV Sacl BamH1 Clal H;.—.::Jt] Stul }-’.|hol
CTA TAC AAA GGA TCA CTG CAG \L\T‘ ATC lJ\G CTC (LGA TCC CAT CGA TTC G.F\.i\ TTC AAG GCC TCT CGA GCC TCT AGA ACT ATA GTG AGT CGT ATT ACG TAG
L ¥ K G 5 L Q D I E L G 5 H R F E F K A 5 R A 5 R T v T .
====GFP====>

Figure 8. CS2GFRN1 Plasmid. The CS2G&P-N1 plasmid was used to generatedximinal GFP
tagged constructs. The coding sequences of the-PaBhstructs were directionally cloned into the
EcoRlI (yellow) and Xbal (green) sites. Plasmid was a gift from Jeff Miller, University of Minnesota.

2.2 Generation of in vitro transcripts

The PARS3 constructs in pCS2GHR1 were used as templates fiowvitro transcription.
Briefly, the plasmids were linearized with Notl (Fermentas, Burlington, ON) and purified using a

Gel/PCR DNA Fragments Extraction KBéction2.1.2). A 50puL transcription reaction was then
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prepared containing 2.5ug of plasmid template, 1mM ATP, 1mM CTP, 1mM UTP, 0.1mMGTP,
I1mM G(506)ppp(56)G RNA Cap Structure Analog (N
500u Sp6 RNA polymerase andSP6 Buffer (New England Biolabs Inc., Pickering, ON). The

reaction wasncubated at 40°C for®Bminutesthen2.5uL of 10nmM GTP added and incubation

continued for an additional hauiThe template was removed by addition of 1.5u of RNase free

DNase | (Fermetas, Burlington, ON). The capped mRNA was purified using a MEGAclear Kit

(Life Technologies Inc., Burlington,ON) according to the manufacturers recommendations. The
purified RNA was precipitated with 5M ammonium acetate as described in the MEGAclear Kit
procedure and the pellet was washed with 70% ethanol and resuspended in 25uL of sterile water.
The mRNA was run on a 1% TAE agarose gel to estimate RNA integrity. The mRNA purity

and yield was measured using an Ultraspec 2100 pro spectrophotometeed(@icate, Baie
doUrfe, QC) by measuring the absorbance at 26

to 1ng/nL and kept in 2uL aliquots-&0°C.

2.3 Temporal Expression of PAR3

RT-PCR was used to determine the temporal expression of P ARNA was etracted
from embryos at stage 2, 7, 8, 10.5, 12, 17, and 28, and cDNA generated bytramscsgtion
(gift from Bhanu Pill) (63). APCRreactonvas carried out wusing the «
pPDZ3 reverse primers t o -&nThdPCR neaction wad ptdpgpedf r a g
and run as de sK3withithe felldwing alteratignB: Rl tDNA was used as
template, 1.25u Tag DNA polymeras@s used along withxT'aq buffer (supplied by

manufacturer), the extension temperature was increased to 72°C, and the extension time
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decreased to 4&e®nds A sample containing no cDNA was also amplified as a template
negative control. The PCR was rian 18 cycles then 10uL of each sample was run on a 1%

TAE agarose gel to determine the presence of BARIA.

2.4 Tissue Culture

XenopusA6 cells ATCC# CCL-102)were maintained at room temperaturd w0 flasks
containing complete media (66%15 media (Sigha, Oakville, ON) supplemented with 10%
fetal bovine serum (FBS, Wisent, St. Bruno, QC), 1¥lutamine (Wisent, St. Bruno, QC),
1% Pennicillin/Streptomycin (Wisent, St. Bruno, QC), 1% sodium pyruvate (Wisent, St. Bruno,
QC)). For transfection cells weplated oracid washed coversliggg4) in 60mm dishes and
grown to 9095% confluency. One microgram of purified plasmid diluted in 50uL 66%5 L
media was mixed with 1pL Lipofectamine 2000 (Invitrogen, Burlington, ON) diluted in 50uL of
66% L-15 media and left at room temperature for 20 minutes. The cells were transfect&éd for 4
hours in 66% E15 media supplemented with 2% FBS. The transfectiedia was then
removed and fresh 2% serum media added. Cells were transferred back to complete media after

24 hours and cultured to confluent epithelial sheets.

2.4.1Scratch Assay

Scratch assay®5) were used testimatethe subcellular compartmentalization of the
GFP tagged PAR constructs. Befly a pipette tip was used to scratble confluent A6 cell
sheets (Section 2.4) creating grid pattern wounds in the epithelial Sireetomplete media

was replacedat preventesettling of thecells removed by scratching on the colipss The cells
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werecultureduntil migration was observed in the wounded areas (~2 h), then the coverslips were
removed and adherent cells fixed with 4% paraformaldehyde diluted in 1xPhekpfiated

Saline (PBS; 10xPBS{ 130mM NaCl, 3mM KCI, 10mM NadPOy, 2mM KH,PQy),

supplemented with 1mM Cagand 1mM MgCJ (PBS) for 15 minutes. Coverslips were washed
three times for 10 minutes with 1XxPBS and stored in dishes containing 1xPBS at 4°C. Before
imaging, the cells were stained with rhodamine phalloidin to visuatize @/8, 20 min,

Biotium, Hayward CA) and nuclei stained with bisbenzamide (2uM, 5 min). Coverslips were
mounted on slides with a drop of 30% glycerol and sealed with nailpolish. The cells were
imaged using a Zeiss Axiovert 200 inverted microscopes§Zdioronto, ON) equipped with a
Qimaging retiga EXi digital camera (Qimaging, Burnaby, BC). The images were recorded using

OpenLab software (PerkinElmer Inc, Waltham, MA).

2.4.2Calcium Switch Assay

Calcium switch assays, adapted from Izetnal 1998, were sed to assess sabllular
protein compartmentalization during cell polarizat{66). Briefly, complete media was
removed from confluent cell cultures (Section 2.4) and replaced with media containing 4mM
EGTA. Cells were ctlired in calcium depleted media until cells began to round (~2 h), then the
media was replaceadith complete media and the cells were cultured overnight. Cells were fixed
as described in Section 2.4.1, at three fooiats: prior to addition of the EGTAedia
(confluent epithelial sheet), after cell rounding (ypmiar), and after culturing overnight in
complete media (rpolarization). Cells were stained and imaged as previously described

(Section 2.4.1).
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2.5 Xenopusembryos, microinjections and explants

2.5.1Raising embryos

Xenopus laeviwere purchased from Nasco (Fort Atkinson, Wisconsin) and housed in the
Department of Biology Aquatic Facility at the University of Waterlé@males were prprimed
with 20u HCG (Chorulon; Intervet, Kirklan@C) 510 days befae spawning.To induce
spawning, females were injected subcutaneously with 600u of HCG. Eggs were obtained
manually and fertilizeéh vitro using standard metho@?7). The fertilized embryos were de
jellied in 2% cystein hydrochloride (B&h o p , Burlington, Ontario)
Saline (MBS; 1X MBS; 88mM NaCl, 1mM KCI, 0.7mM MgSAmM HEPES, 5mM NaHC§)
0.1mM CaC},), pH 8.3. Embryos were rinsed three times with deionized water to remove the
cystein solution, rinsed in 0.1xMB&fore being transferred to a 100mm petri dish. Embryos

were raised in 0.1xMSB and staged according to Nieuwkoop and Faber (1967).

2.5.2Microinjections

Injections were performed using a Narishige IM300 pressure injector (East Meadow, NY)
with glass microinjetion needles, made using a Narishige Fpuller (East Meadow, NY).
For injection embryos were transferred to 0.5XxMBS containing 4% Ficoll (BioShop, @orlin
ON) and arranged on meshhe GFRtagged mRNAs (described in Section 2.2) were injected
into the marginal zone of the two dorsal blastomeres at the two or four cell stage. Injections
were carried out on a 14°C chilled microscope stage. Following injection embryos were

transferred to 0.1xMBS. Embryos were imaged on a Zeiss Lumar V12 dissaatingcope
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(Zeiss, Toronto, ON) with a Qimaging MicroPublisher 5.0 RTyitdl camera (Qimaging,

Burnaly, BC) using Zeiss Axiovision 4 software.

2.5.3Keller Explants

Keller explants were taken from Stage 10 embryos as describtadlandet al (69).
Briefly, embryos were transferred to plastici
Amy (69) (DFA; 49.5mM NacCl, 36.5mM gluconic acid sodium salt, 5SmMGIa;, 4.5mM KCl,
1mM CaC}, 1mM MgSQ, 0.1%BSA, 6mM HEPES, pH 8.1) and the vitelline envelopes
removed. A dorsal section of the embryo was excised and mountedaucawlesrslip bridgen
60mm peti dishes coated with 50mg/mL BSA in 1xPBS (Figure 10). Explants were left to
extend at 20°C then fixed for 2 hours in 3.7% formaldehyde in IXMEMFA (10xMEMFA; 1M
MOPS, 20mM EGTA, 1mM MgS§) pH to 7.4), with the fix being refreshedeafl hour.
Explantswere then washed three times for 10 minutes in 1x&&iSstored in 1XPBS. Explants
were mounted on slides and imaged using a Nikon Eclipse 90i confocal microscope fitted with a
Nikon D-eclipse C1 scan head and recorded using Niko«CEZBoftware (Nikon, Nésissauga,

ON).
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Figure 9. Keller Explants. Explants are cut from embryos at Stage 10+ (A). The cut section is then
peeled back and removed by cutting below the blastopore lip (B). The explants is then trimmed and any
remaining head mesoderm is removed @japted from Sive et al, 2000

2.6 Western Blot

Western Blots were conducted according to standard prot@$)IsFive embryos
injected with 1.5ng of mMRNA were selected for each F3d®nstruct at age 12 and frozen in
microfuge tubes aB0°C. Embryos were lysed in Embryo Solubilization Buffer (ESB: 100mM
NaCl, 50mM Tris pH 7.5, 1% TritionX, 2mM PMSF, 1xPrateanhibitor, EDTA, 1mM Sodium
orthovanadate), incubated on ice for 10 més centrifuged at 14000rpm for 20 roiesat 4°C.
The soluble protein layer was transferred to a new tube and 20% 5x Loading Buffer (5X;
312.5mMTris-HCI pH 6.8, 1% SDS, 25% Glgcr o | 0.015% Bro-mophenol B
mercaptoethanol) added before heating to 95°C fombites. Approximately threembryo
equivalents were loaded each lane and separatedSIPSPAGE (59) gel using a MiniProtean
3 system (BieRad,Mississauga, ON The protein was then transferred to a nitrocellulose
membr ane (GE Healthcare, Baie doUrfe, QC) and
IXTBS containing 5% skim milk and 0.1% Twe2@. The GFRagged PAR3 constructs were
detected using mouse a@FP primary (1/2000, Roche, Mississauga,QHt. No.
11814460001) and horse radish peroxidise (HRP) conjugatethanse secondary antibody

(1/3000, Jackson ImmmoResearch, West Grove PA, C#del5035146). Bands were visualized
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using chemiluminescence (Solution 1: 2.5mM Luminol, 0.4mbdumaric acid, 100mM Tris
HCI pH 8.5; Solution 2: 0.02% 4@,, 100mM TrisHCI pH 8.5). One milliliter each ofdutions
1 and 2 was mixed and left on the blot for one minute before exposure toRXHikn

(Labscientific; Livingston, NJ).
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Chapter 3

Results

3.1 Cloning and Mutation of Xenopus laevi®AR-3

PAR-3 has not previously been describeenopus laevis| obtaned an EST clone of
XenopusPAR-3 from Image Consortium. The amino acid sequence encoded Kgilopus
PAR-3 EST coding sequence (subsequently referred to as3)ARs compared to known PAR
3 homologs and the percent identity (percent identical antiigg)eand percent similarity
(percent similar amino acids) were determined using the MacVector analysis suite (MacVector
Inc., Cary,NC). PAR3 shared2.3% identity and@0.26 similarity with human, 59.4% identity
and 68.2% similarity with mouse, a 59.28d 70.9% similarity with zebrafish, a 17.7% identity
and 30.7% similarity with fly, and a 14.5% identity and 25.3% similarity with worm-BAR
proteins(Figure 10 A). The evolutionary relationships were displayed as a dendrdgigore
10, B) confirmingthat the vertebrate PABs are more closely related than the invertebrate
molecules. | then aligned the amino acid sequenendpusAR-3 to the PAR3 homologs to
identify conserved functional domain¥XenopusPAR-3 was found to contain a conserved N
terminal region (CR1), three PDZ domains, as well as conserved sequence representing an aPKC

binding domainigure 1).
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A Percent Identity

Xenopus Homo Mus Danio Drosophila Caenorhabditis
laevis sapiens musculus rerio melanogaster |elegans
Xenopus
laevis 62.3 594 592 177 145
Homo
sapiens 702 87.6 544 18.6 15.8
Mus
musculus 68.2 92 554 19 15.8
Danio
rerio 709 63.5 554 179 132
Drosophila
melanogaster 307 336 344 309 122
Caenorhabditis
elegans 253 281 27.3 235 255
Percent Similarity
B
0.471 Caenorhahditis elegans
0.042 i
0.069 Homo sapiens
0.07 | 0.057 Mus musculus
0.169 0.113 Xenopus laevis
0173 Danio rerio
0.373

Drosophila melanogaster

Figure 10. Comparison of XenopusPAR-3 with known PAR-3 homologs. The percent identity and
percent similarity betweerXenopusPAR-3 and known PAR3 homologs is shown in A. The
evolutionary divergence of théenopusPAR-3 protein is shown in B. The values indicate the relative
divergence between species. This data was generated by ClustaiWeait using MacVector software
(MacVector Inc, Cary, NC).
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Figure 11. Alignment of XenopusPAR-3 with known PAR-3 homologs. XenopusPAR-3 was aligned

with PAR-3 homologs fronH. sapiensM. Musculus, D. rerioD. melanogasteandC. elegans The N
terminal conserved CR1 domain is highlighted in Blue. The PDZ1 domain is highlighted in yellow, the
PDZ2 domain is highlighted in red and the PDZ3 domain is highlighted in green. The aPKC binding
region (orange) is also conserved. The aPKC phosphorylation site is indicat®d [his alignment

was prepared using the ClustalW method with MacVector software.

35



3.2PAR-3 is expressed throughouXenopusgastrulation

It has previously been shown that PARs present in th&enopusocyte as a maternal
protein(57), however further expression of PARduringXenopusmbryonic development has
not been characterized. | used-RTR to estimate the expression of RBRuring the early
stages oKenopus laevismbryogenesis. Template cDNA was made from RNA isolated from
embryos at the following stages of development; Stage 2: cleavage, Stage 7: early blastula prior
to initiation of zygotic transcription, Stage 8: rbthstula after initiation of zygotic transcription,
Stage 10.5: early gastrula, Stage 12: late gastrula, Stagel7: neurula, and Stage 28: early tadpole
undergoing organogenesi s. | usedrs((fdblel)tpPDZ 1
amplify a 704ip fragment encompassing bp 916200f the PAR3 coding sequencelhe PAR
3 maternal transcripts persist until zygotic transcription begins ablagiula transition at Stage
7 (Figure 12 2-7). PAR3 then continues to be expressed by the zygoteigiout gastrulation
(Figure 12 10.512), neurulation (Figure 1,217) and at the start ofganogenesis (Figure 12

28). In summary, PAR was expressed at all stages of development.
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2 7 8 10.5 12 17 28 Control

Figure 12 Temporal expression of PAR3. PAR-3 is expressed throughoXenopusdevelopment.

RT-PCR was used to amplify a 704bp fragment of FA&Sing cDNA obtained from key developmental

stages (indicated along top of figure). RBRs expressed as a maternal transcript in the early blastula
(Stages 2Z/) then expressed as a zygotic mRNA after-blastula transition (Stage 8). PARcontinues

to be expresed during gastrulation (Stage 1:0.2) neurulation (Stage 17) and organogenesis (Stage 28).

The first |l ane contains a @&/ HindlIl]I DNA | adder f
564bp (arrowhead). A sample containing no template cDNAin¢isded as a negative control.

3.3 Mutation of PAR-3

Deletion constructs were created to assist in defining the roles of conserved domains

found inXenopusPAR-3. Deletions were made using a PCR strategy. The conserved N

terminal region (CR1) has beenmdiéied as a selbligomerization domain responsible for the

formation of higher order PAR scaffolds enhancing stdellular compartmentalizatiof36).

ThegppCR1 construct ( Fi gur &0 conpletelg remolingshisdomaird el et i
Individual PDZ domains were then removed using inverse (@R The PDZ1 domain

is responsible for interaction with PAR JAMs 13, and nectin§27, 34,43, 70, 71). The

pPDZ1 construct c on-80%remavinganosi & this domanr(Figaré 7).aa 21 2

The PDZ2 domain has been identified as a phosphoinositol lipid bindengnsl is responsible

for recruitment of PAR3 to the cell membran@5). T Z2 cogskuct was created through
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removal of aa 40@86 removing the majority of this domain (Figure 7). The PDZ3 domain
interacts with PTEN and \Meadherin is required for the maintenance of cell pol#8®y37,
47). The @PDZ3 construct was -6@frenmoving theettiret hr ough
domain (Figure 7).
Interactions between PAR and aPKC are essential for the proper function of BARd
are modulated through phosphorylation of the first consesggade residue in the aPKC
consensus sequen@®). The S777A construct (Figure 7) was generated by altering serine 777
(AGC) to an alanine (GCC) through site directed mutagenesis. This inhibits aPKC
phosphorylation of PARB and is expected to form a stable RBIRAR-6/aPKC complex
preventing interactiowith other PAR3 binding partners. All constructs were tagged with an N

terminal GFP and the mutations confirmed by sequencing (Appendix A).

3.4PAR-3 in XenopusA6b cells

3.4.1Polarized localization of PAR3 in epithelial cells

Sub-cellular compartmentalizatiorf 8AR-3 has not been previously described in a
Xenopugell line. A6 cells ar@a highly polarizedXenopusidney epithelial cell ling73) that
should providea good model for the sutellular compartmentalization of PAR |therefore
used A6 cells to test my PARconstruct ensuring that thetBrminal GFP tag did not alter

PAR-3 |localizationas well as to characterize PARcompartmentalization inXénopusystem.

As an initial characterization | looked at the localization of the BA®nstruct in A6
cells undergoing epithelial polarization. Calcium switch asdapolaize cells through removal

of calcium. Without calcium epithelial adherens and tight junctions break down andetatib
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from their neighbors anbecome nofpolar. Upon readdition of calciumpolarization can be
observed as the cells-ferm the epithkal junctions. Using a Calcium switch assay the-sub
cellular compartmentalization was observed in-potar cells, polarizing cells initiating

epithelial polarity, ad confluent epithelial sheet$?AR-3 was not localized in the negpolar

cells and wasnistead expressenhiformly throughout theytoplasm(Figure 13 Non-polar).

After re-addition of calcium to the culture media cells flattened and began to repolarize. In these
cells PAR3 was concentrated at points of emdll contact (Figurd 3, Polaizing). This

polarized compartmentalization of PARwas then elaborated as a confluent epithelium formed
and PAR3 localized in a punctate pattern around the cell periphery at the maturiegltell
junctions. PAR3 overexpression did not appear to ibih the initiation of epithelial

polarization, and the PAR transfected cells were observed to be fully integrated into the
confluent epithelial sheet. These results demonstrate that th& RARStruct exhibits a

polarized compartmentalization to sit#scell-cell adhesion itrKenopusA6 epithelia and this
polarization is unaffected by thetdrminal GFP. Furthermore, PARoverexpression does not

act as appear to inhibit epithelial polarityXenopusA6 cells.
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PAR-3 Actin Merge

Non-polar

Polarizing

Confluent

Figure 13. PAR-3 Localizes to ceHcell contacts inXenopusA®6 cells. GFRPAR-3 transfecteXenopus

A6 cells were subjected to calcium switch. Cells were fixed and stained with rhodamine phalloidin to
visualize actin and nuclei stained with bisbenzamide. BA®Runiformly distributed in calcium deprived
unpolarized cells (Nopolar). Upon initiation of epithelial polarization PARwas compartmentalized to
sites on celcell contact (Polarizing). This polarized compartmentalization was elaborated in the
corfluent epithelium and PAR is present in puncta around the entire cell periphery (Confluent).
Arrowheads indicate sites of PARcompartmentalization.
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3.4.2Polarized localization of PAR3 in migrating cells

The subcellular localization of PAR3 in migrding XenopusA6 cells has not been
previously described. When a confluent sheet of A6 cells is wounded in a scratch assay cells at
the wound edges underga epithelial to mesenchymal transition and migrate into the free space
were they proliferate to rep the epithelial sheet. In this situation epithelial cells have an
apical/basal polarity while the migrating mesenchymal cells possess a front/rear polarity with a

flattened and protrusive front edge, and a rounded rear end.

In the confluent epithedi sheets PARS is localized in puncta around the cell periphery
(Figure14, Confluent). Upon wounding PAR was released from cetkll contacts and
observed to rocalize to the leading front end of migrating cells (Figl4eWound). Cells
within theepithelial sheet howevamaintain PAR3 compartmentalization at the cell periphery
where other cells are attached (Figlie Arrows). Together these results indicate that the sub
cellular compartmentalization of PARIn A6 cells is context dependariurthermore over
expression of PARB does not inhibit migratory behaviour as cells were still observed to spread

and migrate into wounded areas.
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Figure 14. PAR-3 localizes to the leading edge of migrating A6 cellsGFP-PAR-3 transfected A6

cells were cultured until confluent then subjected to a scratch assay. Cells were fixed and stained for
actin after migration was apparent at the wound edge. -PARtompartmentalized to the periphery of

cells contained in the #&pelial sheet (Confluent). Cells at the wound edge exhibit enrichment of3PAR

at the leading edge (Wound).
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3.5PAR-3 localization in A6 cells requires multiple functional domains

Cells transfected with the mutated P8R onstructs were used to ohef the roles of each
domain in the polarized localization of PAR The localization of the mutated constswetis
observed in both a calcium switch assay and scratch assay. The polarized compartmentalization
was compared to that seen with P&Ro detemine domains required for localization. The

effect of domain removal on generation of polarized behaviours was also observed.

3.5.1The CR1 and PDZ1 domains of PAR3 are required for membrane localization

When cells expressing the @CR1 construct w
construct was found throughout the cytoplasm in-polar cells (Figure 15, Nepolar). This
expression was unchanged when oslise allowed to polariza n d ¢C R 1d cytaplasaic n e
in both the polarizing (Figure 15, Polarizing) and confluent epithelial cells (Figure 15,
Confluent). The cytoplasmaccumulation did not significantly alter cell behaviours and cells
were still able to attach to neighboring cells and virltg integrated into a confluent sheet.
®@CR1 accumulated in the cytoplasm of migratin
(Figure 16, Wound). Oves x pr essi on of ®@CR1 did not inhibit
migratory behaviour. Similaers ul t s wer e observed for cells ex
pPDZ1 was also unable to | ocalize during the
throughout the cytoplasm in ngoolar (Figure 17, Noipolar), polarizing (Figure 17, Polarizing),
and coffluent (Figure 17, Confluent) cells. Behaviours were also unchanged as cells were able
to repol ari ze, recognize neighboring cells, a

construct also failed to localize in scratch assays with it remaining cytoplasboth confluent
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(Figure 18, Confluent) and migrating cells (Figure 18, Wound) with no enrichment at either the

cell periphery or leading edge. Migratory behaviour was similarly uninhibited by removal of the
PDZ1 domain as protrusive activity was sbitiserved at the leading edge. Together these results
indicate that the ®@CR1 and @PDZ1 -Itocelkkellns ar e
contacts and its subsequent compartmentalization to the cell periphery as well as-for PAR

localization to he leading edge of migrating cells.
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Figure 15. The CR1 domain is required for localization of PAR3. XenopusA6 cells were transfected
with GFR@CR 1 , | a c k i3 rsafoligomezizat®rA ddmain, and subjectédl a calcium switch.
Removal of the CR1 region resulted in a loss of FPBARompartmentalization and expression is
cytoplasmic in both depolarized (Ngolar), polarized and confluent cells (Polarizing, Confluent). The
ability of transfected cells to refarizeafter calcium switch was unaltered.
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Figure 16. The CR1 domain is required for localization of PAR3 in migrating cells. Cells
transfected with the CR1 construct were subjected to a scratch assay. The CRXtcomstraoot
compartmentalized in the epithelial sheet (Confluent) or in migrating wound edge cells (Wound). Over
expression of CR1 did not affect the transition from epithelial to migrating polarity.
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Figure 17. ThePDZ1 domain is required for PAR-3 recruitment to cell-cell contacts. XenopusA6

cells were transfected with GRPP D Z 1 , in which the first PDZ domai
construct is diffusely expressed in the cytoplasm ofpaar cells (Norpolar) is not compartmentalized

to celkcell contacts (Polarizing) or epithelial junctions (Confluent). Despite the failure in localization the

cells were still able to form an epithelial sheet.
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Figure 18 The PDZ1 domain isrequired for recruitment of PAR -3 to the leading edge.In scratch

assays the PDZ1 construct was expressed throughout the cytoplasm in both epithelial (Confluent) and
migrating cells (Wound). Ovezxpression of PDZ1 did not alter formation of epithejiaictions or
protrusions.
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3.5.2The PDZ2 domain of PAR3 is not required for membrane localization

pPDZ2 was able to |l ocalize in calcium swit
expression in nopolar cells (Figure 19, Nepolar) then wasbserved to compartmentalize to
cell-cell contactsascellsred ari zed (Figure 19, polarizing).
cell-cell contact sites appeared diminished when compared toth88PAR onst r uct . P L
had a reduced accumulation at tedl periphery in confluent cells as compared to the BAR
construct (Figure 19, Confluent). Apical puncta were only visible between two cells expressing
the GFP construct suggesting that accumulation in opposing membranes was required to resolve
the fluaescence. This suggestsower efficiency of PARB localizationin the absence dhe
PDZ2 domain. Cell behaviours remained unaltered and cells were observed to repolarize and
form contacts with neighboring cells as well as integrate into the con8péhtlial sheet. In
scratch assays a diminished | ocalization of
localization only apparent in adjacent transfected cells. Migrating cells displayed enrichment of
pPDzZz2 at t he | e adighty dimirestieg mtensity @iger 20 Woulnd). a
Protrusions were not inhibited by PDZ2 owpression. These results suggestitaPDZ2
domainis not necessary for PAR localization in either epithelial or migrating cells howevtsr

presence maicrease localization efficiency.
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Figure 19. The PDZ2 domain is not necessary for PAR localization in A6 cells. XenopusA6 cells

transfected with GFgpP DZ2 compart mentali zed the wnoswich.r uct W
PDZ2 is cytoplasm in depolarized cells (poolar) and is recruited to cedell contact upon
repolarization (Polarizing). PDZ2 is compartmentalized in puncta atellbontact regions between

adjacent transfected cells in the epitheliaeth No effect was observed on the ability of transfected cells

to polarize. Sites of compartmentalization are indicated by arrowheads.
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Figure 20. The PDZ2 domain is not necessary for localization of PAR in wounded A6 cells. When

subjected to a scratch ass#yDZ2 transfected cells were observed to migrate at the wound edge. The
&ePDZ2 construct was ¢ o0 mp-eldomeetintthe epithelialdheat (Conflueny)i o n s

while it was enriched at the leading edge in migrating cells (Wound).
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3.5.3The PDZ3 domain of PAR3 is required for contact inhibition

The @PDZ3 construct was unable to | ocalize
cytoplasm of nofpolar, polarizing and confluent sheets of A6 cells (Fidije Also, removal
of the PDZ3 domai resulted in a loss of contact inhibition in A6 cells. When depolarized, cells
were rounded a displ ayed u il Nanpoiar). Replarizcingb ut i on
cells were found to spread and failed to recognize neighboring cells resultielyonerlap
(Figure2l, Pol ari zing) . pPDZ3 expressing cells in
contact inhibition as they overlapped adjacent cells (Figlir€onfluent) These cells also were
unabl e to | ocal i z ethe@ekbZcdntactinMbitienrpersistiediamdicelld
crawled over adjacent cells in the epithelial sheet instead of spreading into the empty igaund a
(Figure22 Wound) . pPDZ3 was also symmetrically e
results suggest thtte PDZ3 domain is integral to the generation of both epithelial and
migrating polarity with its removal resulting in a loss of contact inhibition and directional

migration.
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Figure 21. The PDZ3 domain of PAR3 is required for epithelial polarity. XenopusA6 cells were

transfected with GFeeP D Z 3 . The <cel |l s -polarj after dr@angfectiom and zhed ( No
reformation of epithelial polarity observed. Removal of the PDZ3 domain resulted in a loss of contact
inhibition in repolarizing cells (Polarizing). Transfected cells also overlapped in epithelial sheets
(Confluent). Sites of overlap are indicated with arrowheads.
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Figure 22 The PDZ3 domain of PAR3 is required for wound healing. XenopusA6 cells were
transfected with GFeePDZ3 and cul tured to confl uent-polarheet s.
after transfection and the reformation of epithelial polarity observed. Removal of the PDZ3 domain
resulted in a loss ofomtact inhibition in repolarizing cells (Polarizing). Transfected cells also overlapped
in epithelial sheets (Confluent). Overlapping areas are indicated by arrowheads.
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3.5.4Removal of the aPKC phosphorylation results in hypeiaccumulation

The S77A construct exhibited a hypaccumulation in the transfected cells. In calcium
switch assays it displayed a similar pattern to F3ABeing uniform in the cytoplasm of non
polar rounded cells (Figuz3, Nonpolar), then collecting at cetlell contactsn repolarizing
cells (Figure23, Polarizing), and compartmentalizing to the cell periphery in a punctate pattern
in confluent epithelia (Figure3, Confluent). S777A localization was more concentrated than
PAR-3, beingstronglylocalized to celcell cantacts or the cell periphery and little protein
present in the cytoplasm. S777A oexpression did not inhibit repolarization and cells formed
adhesive contacts with adjacent cells, nor did it inhibit epithelial formation. The S777A
construct was also sbrved to be hypaaccumulated in scratch assays with strong
compartmentalization to the cell periphery in the epithelial sheet. When cells were wounded,
S777A was observed throughout the cytoplasm with enrichment at the leading edge2&igure
Wound). The enrichment at the leading edge again appeared to be more intense then that
observed with PARB. Cells were still able to migrate normally and spread into the wound as

expected.
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Figure 23. S777A in strongly loctized to cellcell contacts inXenopusA6 Cells. GFRS777A was
hyperaccumulated irXenopusA6 cells. Depolarized cells were observed to round and did not localize
S777A (Nonpolar). Upon repolarization S777A was strongly localized to points ofcdeltontact
(Polarizing). It was then localized in puncta around the cell periphery in the confluent sheet (Confluent).
Cell polarity was not inhibited and cells formed adhesive contacts and were integrated into the confluent
sheet.
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Figure 24. S777A localizes to the leading edge of wounded A6 cellEpithelial sheets containing
S777A transfected cells were wounded in scratch assays. S777A wastgy@ulated in puncta at the
cell periphery within the epithelial shef@onfluent). S777A was also hypaccumulated to the leading
edge of migrating wound edge cells. Localization sites are indicated by arrowheads.
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3.6 PAR-3 is required for convergent extension

PAR-3 has not been previously characteridadng Xenopudaevisgastrulation.
Xenopuembryos were injected with 1.5ng of PAGFP mRNA into the dorsal marginal zone
to determine the requiremenit PAR-3 during gastrulation. Phenotypes were recorded at two
time points: late gastrulation (Stage-125) and early tadpole (Stage 28) and classified into one

of three categories at each stage, described below.

The progressive closing of the blastopore is an indicator of the progression of
gastrulation. Xenopugjastrulaviewed at $age 1212.5 have smhblastopores either round or
teardrop in shape. When gastrulation has been inhibited embryos are unable to internalize the
yolk plug resulting in large open blastopores. Stage 12 embryos were classified as either normal
(indistinguishable from contrglsdelayed (exhibited uneven or slowed blastopore closure), or
inhibited (large open blastopore). Embryos esepressing PAR displayed delayed or
inhibited blastopore closures (Figure&2%) when compared to uninjected embryosyfg@ s,

A). Furthemore, GFP injected embryos cldgbeir blastopores normallfigure 23, B)
demonstrating that this effect was specific to PARNd not a result of injection or over
expression artifacts. Embryos were then examined using fluorescence microscopiro conf
expression and targeting. In GFP injected embryos expression was confined to the axial
mesoderm, forming a distinct band along the dorsal side of the elfigywe 2%, D). The
observed narrowing of the injected mesoderm suggests that the tissoaveged. PARS
fluorescence was also observed on the doidalcf the blastoporkowever it was clustered at

the blastopore indicating a lack convergence in the injected (Benge 2%, E).
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Figure 25a. PAR-3 is required for convergent extension. GFRPAR-3 or GFP mRNA was injected

into the dorsal marginal zone of early cleavage stage embryos. Uninjected embryos developed normally
(A, F, Fo) as did GFP injected embryos oéat b&tmibr yat
overexpressing PAR failed to close their blastopores (C). RBRjected tadpoles exhibited CE defects
including no eyes (arrows), bent body axis (H) ar

fluorescence microscopy (B, I-J 6 )
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