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Abstract 

DE-cadhrrinlshotgttn, is the Drosophile homologue of vertebrate E-cadherin. 

DE-cadherin is a calcium dependent, homophilic adhesion molecule that accumulates in 

adherens junctions of epithelia. The transcriptional regulation ofshotgrrn was investigated to 

identify cis-acting regulatory elements. Sequence analysis of the shofgzrn genes of 

D. nielanogusfer and D. virilir identified twelve conserved regions of high sequrnce idrntity 

including a tandem E box, which is a DNA motif found in the promoter of mouse E-cadherin. 

A genomic construct containing the conserved regions was able to partially rescue the shotgzrn 

mutant phenotype. A reporter construct containing the conserved 5' regions encept for the 

tandem E box revealed a near wildtype expression pattern suggesting that this element is not 

required. The overexpression of mai l ,  an E bon binding protein, upregulated shotgztn 

expression. In addition, the misexpression of a truncated form of Du-catenin resulted in wing 

blistering. 
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Introduction 

Cad herins and Ce11 Ad hesion 

A variety of cellular mechanisms are ernployed in the development and 

maintenance of a multicellular organism. Cell prolikration, shape changes and 

rearrangements must be finely coordinated to mould simple and homogeneous tissues 

into a cornplex organism. Fundamental components in facilitating these dynamic 

processes are ce11 adhesion molecules. In particular, the cadherin superfamily of 

transmembrane adhesion molecules plays an important role in tissue organization in 

drveloping and adult organisms (reviewed in Yap et al., 1997a; Tepass et al., 2000). 

Cadherins are a class O F  ~a"-de~endent ,  homophilic transmrmbrane proteins that 

are crucial for establishing and rnaintaining intercellular connections. These proteins are 

characterised by the extracellular cadherin domain that facilitates stable ceII adhesion 

(Nose et al.. 1990). In addition. a cadherin subfamily, termed classic cadherins, is 

associated with the actin cytoskeleton via the catenins by a consewed cytoplasmic tail 

(Ozawa et al., 1990; Takeichi, 1995). Members of the classic cadherins include epithelial 

(E) - cadherin, neuronal (N) - cadherin and others that are present in rnany tissues and 

species. The cytoplasmic dornain of these classic cadherins binds directly to the armadillo 

repeats of b a t e n i n  (Hülsktn et al., 1994). b a t e n i n  in tum binds to u-catenin, which is 

thought to mediate interactions with the actin cytoskeleton (Rimm et al., 1995). This 

cadherin-catenin cornplex thereby allows for a stable connection between the cell surface 

and the cytoskeleton that is crucial for the function of cadherins. While a- and b a t e n i n  

are the major cytoplasmic proteins linked to the classic cadherins, other proteins have 



also been found to bind to their cytoplasmic tail though their role is not hlly understood. 

These proteins include p l 20Cm and k a t e n i n  (Yap et al., 1998; Lu et al, 1999). 

The cadherin-catenin complex accumulates at adherens junctions of epithelial 

cells, and in particular at the zonula adherens, which forms an adhesive belt around the 

apical end of polarized epithelial cells (reviewed in Yap et al., 1997a). Numerous 

experiments have demonstrated the critical role of cadherin mediated adhesion during 

vertebnte development. Gene knockouts of E-cadherin in mice result in embryos that die 

around the time of implantation and fail to form a trophectoderm epithelium (Lame et al., 

1991; Riethmacher et al.. 1995). In Xenoptrs, depletion of matemol EP-cadherin from 

oocytes result in ce11 disaggregation at the blastula stage (Hrasrnan et al.. 1994). While 

injection of a truncated dominant negative form of E-cadherin lacking the cytoplasmic 

tail in the early Xenoptrs rrnbryo causes lesions in the ectoderm during gastrulation 

(Levine et al., 1994). The overexpression of an a-catenin constmct lacking the actin 

binding carboxy terminus also resulted in the ripping of the outer ectodemal layer during 

gastrulation (Sehgal et al., 1997). 

During vertebrate development, ciassic cadherins are expressed in 3 dynamic 

pattern. Different cadherins are expressed in different or overlapping domains depending 

on the tissue, and this expression pattern ofien changes in a developing organism during 

the segregation or aggregation of cells into discrete layers (Takeichi, 199 1). Ce11 culture 

lines transfected with different classic cadherins and different expression levels of the 

same classic cadherin will sort out from each other (Nose et al., 1988; Friedlander et al., 

1989; Steinberg and Takeichi, 1994). Similarly, the segregation of neural plate and neural 

tube epithelium Frorn non-neural ectoderm in Xenopzcs appears to depend on differential 



expression of N- and E-cadherin in the two tissues and can be blocked by uniformly 

expressing N-cadherin (Detrick et al., 1990; Fujimori et al., 1990). 

shotgrrn, The Drosopkila Homologue of E-cadherin 

DE-cadherin, encoded by the gene shorgzm (shg), is the Drosophila homologue of 

vertebrate E-cadherin (Oda et al., 1994; Tepass et al., 1996; Uemura et al., 1996). Firsi 

isolated via a biochemical approach, subsequent moiecular and genetic analysis of 

sliorgirn has shown that DE-cadherin is the major epithelial cadherin in Drosopiiila. 

Similar to E-cadherin in vertebrates, DE-cadherin has been shown to accumulate at the 

adherens junctions of epithelia and to interact with the Drosoplzilo homologues of 

ba t en in ,  Arrnadillo, and u-catenin, Du-catenin (Peifer, 1993; Oda et al., 1993). 

Embryonic expression of DE-cadherinlshg is found in al1 epitheiial tissues except 

the mesoderm (Oda et al., 1993; Tepass et al., 1996). Similar to E-cadherin in 

vertebrates, shotgiin is downregulated in cells undergoing epithelial to mesenchymal 

transitions, for instance during the delamination of neural progenitor cells from the neural 

ectoderm. In mature embryos, shorgrin is expressed in the epidermis and all other 

epitheliai tissues, including midgut, hindgut, dorsal vessel, Malpighian tubules and 

subperineurd glia sheath (Tepass et al., 1996). 

Accurate expression of cadherins is important for cells to survive the mechanical 

stresses exerted on tissues undergoing morphogenesis. Analysis of shorgzuz mutant 

embryos showed severe structural defects (Tepass et al., 1996; Uemura et al., 1996). The 

disruption of both materna1 and zygotic shotgrin expression results in the complete 

breakdown of epithelial structures. while the loss of zygotic expression causes defects in 



tissues that undergo extensive ce11 rearrangernents. Morphogenetically active tissues, 

such as the procephalic and ventral neuroectoderm, from which the neuroblasts 

delaminate, are most sensitive to loss or reduction of shorgzin expression resulting in the 

degeneration of most of the head and ventral epidemis. If neural progenitor deiamination 

is experimentally suppressed in shotgtrn mutants, epithelial development is largely 

rescued (Tepass et al., 1996). 

The dynamic expression of DE-cadherin has also been shown to be required in 

ce11 sorting and cell migration. While previous experiments in vertebrate ce11 culture 

demonstrate that cells cxpressing different leveis of the same cadherin will segregate into 

distinct ce11 populations, analysis of shorglrn during Drosoplzila oogenesis provided the 

first in vivo demonstration of a cadherin-rnrdiated cell-sorting process (Godt and Trpass, 

1998; Gonzairz-Reyes and St. Johnston, 1998). Di fferential expression of DE-cadherin 

controls the proper posterior localisation of the oocyte within the follicle. which is 

required for correct N P  axis formation. Similarly, the migration of two groups of follicle 

cells, the border cells and centripetal cells, along the surface of the germline cells is also 

dependent on an upregulation of shotgiin (Niewiadomska et al., 1999). 

Transcriptional Regulation of E-cadherin Dynamics 

During development, extensive tissue rnovements and rearrangements must occur 

in a precise fashion. To facilitate these activities adhesion m u t  be modulated to allow for 

these transitions while maintaining tissue integrity. Several mechanisms of modulation 

have been proposed and it is likely that a combination of these mechanisms is responsible 

for controlling this dynamic process. 



One aspect of regulation occurs at the protein level. Recent studies have 

suggested that strong cell-cell contacts require the formation of lateral dimers followed 

by clustering (Yap et al., 1997b). Another potential mechanism is the regulated 

trafficking of the cadherin-catenin complex to and from the ce11 surface (Le et al., 1999). 

During developrnent, morphogenetically active epithelia must break up old ce11 contacts 

while forming new contacts at the samr time. The careful orchestration in the delivery of 

the adhesion complex to the surface, and the cndocytotic uptake and recycling may 

contribute to adhesive regulation. This regulated tum-over of cadherins from the surface 

with accumulation within intracellular vesicles has been observed in sea urchin, 

Drosophila and cell culture studies (Miller and McClay, 1997; Oda et al.. 1998; Le et al., 

1999). 

Ultimately, much of the distinctive and dynamic pattern of cadhrrin expression is 

regulated at the level of transcription. In the Drosophila embryo, DE-cadherin is 

transcriptionally dom-regulated in the mesoderm and in neural precursors delaminating 

from the neuroectoderm while strong upreeulation is observed later in development in 

the dorsal vesse1 and the fusion cells of the trachea (Tepass et al., 1996; Tanaka- 

Matakatsu et al., 1996). Similarly, dom-regulation of E-cadherin is observed in the 

vertebrate ectoderm that gives rise to the neural crest cells (Takeichi, 1988). 

The transcriptional mechanisms ihat are responsible for the epithelial specific 

expression of E-cadherin are largely unknown. However, recent studies in Drosophila 

suggest that a group of genes whose expression coincides with the down-regulation of 

DE-cadherin during epithelial-mesenchymal transitions might regulate shorgiin 

expression (Tepass and Hartenstein, 1995). During Drosophila neuroeenesis, the 



neurogenic and proneural genes control the segregation of neural progenitors from the 

ectoderm (Campos-Ortega, 1993). The delamination of neuroblasts is an immediate 

consequence of the up-regulation of proneunl gene activity in these cells and coincides 

with the repression of shorglin expression (Campos-Ortega, 1993; Tepass et al.. 1996). 

The proneural genes are primarily clustered in the achaere-mire complex (AS-C), which 

encodes a set of transcriptional regdators that belong to the basic helix-loop-helix 

(bHLH) family of proteins (reviewed in Carnpuzano and Modolell, 1992). Members of 

the achaere-sciire complex (AS-C) include achaere, sciire, ferhal of scute and usense. In 

addition to the AS-C genes. the bHLH sequence motif is also found in many proteins that 

act in Drosopliila neurogenesis. These include the non-AS-C proneural grnè 

daicglirerless and a sub family of the ncurogenic genes clustered in the enhancer of splir 

(E(SPL)) complex (Murre et al., 198%; Campos-ûrtega, 1993). 

The bHLH protein domain of the proneural genes is composed of a 

helix-loophelix (HLH) dimerization motif that form either homo- or heterodimers, and 

an adjacent conserved region of basic residues that is essential ter sequence specific 

DNA binding activity (Murre et al, 1989b). Biochemical analysis has shown that the 

bHLH domains of the Drosophila proneural proteins bind in virro to the conserved DNA 

motif (CANNTG) known as an E box (Murre et al, 1989b; Van Doren et al., 1991). Two 

sepante E boxes have been found in the promoter region of the human E-cadherin gene 

(Bussemakers et al., 1994; Giroldi et al., 1997). Similarly, a tandem E box elrment was 

found in the E-cadherin promoter region of mouse and has been shown to promote 

epithelial specific transcription (Behrens et al., 199 1). Mutations in this tandem E box 

activate E-cadherin expression in usually E-cadherin negative fibroblast cells 



demonstrating that the element also functions as a repressor binding element (Hennig et 

al., 1996). The inverse correlation in the expression pattern of the proneural genes and 

DE-cadherin, the presence of bHLH binding E box elements in vertebrate E-cadherin 

genes and their inhibitory function in mesenchymal cells support the suggestion that the 

proneural genes are candidates for shotgri~l down-regulation (Tepass and Hanenstein, 

1995). 

Though ample evidence indicates that the E box is required for the regulation of 

E-cadherin expression and biochemical analysis suggests that bHLH proteins bind the E 

box, there is, as yet, no evidence that the bHLH proteins bind the E box in vivo and 

repress gene transcription. Furthermore, ce1 l culture studies suggest that bH L H  

transcription factors are not signitkantly involved in E box mediated silencing of 

E-cadherin since cotransfeciion of bHLH-antagonizing HLH proteins in epithelial 

tumour cells did not affect the expression of an E-cadherin promoter reporter constmct 

(Giroldi et al., 1997). 

Recent studies have indicated another class of transcription factors, the Snail 

family of zinc finger proteins, as being involved in E-cadherin regulation (Tanaka- 

Matakatsu et al., 1996; Cano et al., 2000; Batlle et ai., 2000). Initially identitïed in 

Drosophila, sevenl members of this family have been Found among both venebrates and 

invertebrates (cg.  Boulay et al., 1987; Nieto et al., 1992; Sefton et al., 1998; Batlle et al., 

2000). In Drosophila, two Snail related genes, snail and escargot, have been well 

characterised (Boulay et al., 1987; Kosman et al., 1991; Whiteley et al., 1992). mail is 

expressed in the presumptive mesoderm of Drosophila embryos and is also activated in 

delaminating neuroblasts as they undergo an epithelial to mesenchymal transition 



(Kosman et al, 1991). escargot has been shown to be essential for the maintenance of 

diploidy in imagina1 cells and inhibits transcriptional activation of the bHLH heterodimer 

scitteldairghterless in ce11 culture (Fuse et al., 1994). Similariy, mail has also been shown 

to act as a transcriptional repressor by repressing the transcription of the signal 

transduction gene rhornboid in the presumptive rnesoderm (Ip et al., 1992). 

Biochemical analysis has demonstrated that these zinc finger transcription factors 

bind as monomen to a conserved DNA sequence (CACCTG) that exactly matches the E 

box binding domain of bHLH proteins and compete for binding (Fuse et al., 1994; Batlle 

et al., 2000). Ce11 culture studies demonstrate that both mouse and human Snail bind to 

the E boxes in the promoter of their respective E-cadherin genes (Cano et al., 2000; 

Batlle et al., 2000). Ectopic expression of Snail in epithelial cells repressed E-cadherin 

transcription resulting in a drarnatic transition to a fibroblastic phenotype while inhibition 

of Snail in previously E-cadherin negative tumour ceils restored E-cadherin expression 

(Cano et al., 2000; Batlle et al., 2000). 

In Drosophila, escargot and snaii have also been demonstrated to regulate the 

expression of shotgtinlDE-cadherin. The Drosophila trachea form a continuous network 

of tubuiar epithelia by the shotglrn dependent fusion of adjacent tracheal branches 

(Uemura et al, 1996). escargor, which is expressed in al1 tip cells located at the end of 

these branches, has been shown to positively regulate the transcription of shorgzrn in 

fusion cells (Tanaka-Matakatsu et al., 1996). Western blot anaiysis indicates that 

induction of escargor via heat shock increases shotgirn expression, and the Failure of 

tracheal branch fusion in escargot mutants was rescued by the ectopic expression of 

shotgt~n/DE - cadherin. Altematively, Snail appean to repress shotgzrn expression in the 



presumptive mesoderm (Oda et al., 1998). In snaii mutants, shorgzrn transcripts continue 

to be detected in the ventral part of the embryo that foms the ventral furrow where 

shorgiin is normally down-regulated. 

Given rheir specific binding to the E box motif and corresponding spatial and 

temporal expression in relation to E-cadherin, the bHLH and Snail families of 

transcription factors are good candidates for direct or indirect mediators of E-cadherin 

expression. 

Objectives 

Cadherin adhesive function is a dynamic process, regulated by cells in response to 

physiological circumstances and environmental cues. The modulation of this dynamic 

process is crucial for the development and maintenance of a multicellular organism. One 

component of this adhesive regulation takes place at the level of transcription. The 

primary goal of my project was to dissect the promoter of shotgtrn, to identi fy elements 

that are involved in regulating the epithelial specific expression of sliotgzrn and to 

examine mechanisms that control the down regulation of shorglrn in epithelial to 

mesenchymal transitions. I have taken two approaches to identi& cis-acting regdatory 

sequences of shorgrrn. First, E-cadherin was cloned from a distantly related Drusuphiln 

species, Drosophila viriiis. These two species are separated by 60 million years, which is 

sufficient time for the significant divergence of non-functional flanking DNA while 

essential cis-regdatory sequences should be conserved. 

Second, reporter construct assays were carried out. The purpose of these 

constructs is to delimit the extent of the promoter and identify potential elements 



controlling expression during specific morphogenetic processes such as the delamination 

of neuroblasts from the neural ectodem. If correct shorgzin expression is achieved, a 

eenomic rescue construct containing these elements can be tested for the ability to rescue 
SI 

shotgzin mutant alleles. In addition, the effect of misexpressing the bHLH and Snail zinc 

finger transcription factors on expression of the slrorgzin reporter construct can also be 

examined in order to elucidate the mechanisms involved in DE-cadherin expression. 

A secondary goal of my project was to generate and characterise the 

misexpression of another component of the cadherin-catenin cornplex, Du-catenin. 

Currently there are no known mutants of Du-catenin. Therefore, to characterise defects 

associated with misexpression of Full length and truncated fonns of Du-catenin, thrse 

constructs were developed and transgenic tlies generated. A similarly truncated 

u-catenin construct lacking the conserved binding region to the actin cytoskeleton caused 

gastmlation defects in Xenopiis (Seghal et al., 1997). 



Materials and Methods 

Drosophila Strains 

1 D. viriiis S 170 

P[iv+. UAS-1 Sc] 

Description 1 Reference 1 
Ga14 activator strain ( Bloomington Stock 1 
expressing ubiquitously Centre - 1 
under the (op) 1 i 

expressing undcr the cru 1 1 

promoter 
Ga14 activator strain gift frorn E. Knust 

expressing undcr the 1 Centre t I 

(c l )  promoter 
Drosop h ilu rlirilis 

engrcrilecl (.en ) prornoter 1 I 

Urneri Stock Centre 

Ga14 expressing under Bloomington Stock i 

wiidtvpe stock 
Ga14 activator strriin 1 Bloomington Stock 1 

trveless (et') orornoter 1 Centre 
Ga14 expressing under 1 gift from H. ~ r r i u s r  1 
paired @rd) prorno ter 1 
Ga14 espressing under Bloomington Stock 

p G M R  promoter Centre 
Embryonic Iethal siiy Tepriss et al.. 1996 

Ernbryonic lethril nuil shg 1 Tcpas et al., 1996 1 
iillclc. 
Embryonic lethal, P- Tepass et al.. 1996 
eiement insertion in the 1 l 

I 

s h ~ .  
Wcak, homozygous Godt and Tcpass. 1998 
viable loss-of-îùnction 
shg allele 
Embryonic ièthal nuIl shg Godt and Tepass, 1998 
allele, does not express 
detectable IeveIs of 

Targeted expression of 1 + eiA from S. Hayashi 
sna bv Ga14 stmins 

Targeted expression of da Wodarz et ai., 1995 
usine: Ga14 activator 
stmins binding to the 
upstream activating 
sequences (UAS) 
Targeted expression of 
1 'SC bv Ga14 stnins 

Hinz et al., 1994 
1 

Targeted expression of 
m i  bv Ga14 strains 

Bayfies and Bate, 1996 

white r e ~ i ~ i e n t s t n i n  for 
P-element transformation 

Hazelrigg et al., 198-1 
Levis et al.. 1985 



Composition of Mounting Reagents and Buffers 

Antifade Mounting Medium: lmg/ml p-phenylene diamine, 70% glycerol in PBS 

Apple agar: 17 g agar, 25 g sucrose in 1.5 L dH20. Add 500 ml apple 

juice, 10 ml phydroxy-benzoic acid methyl ester, per 2L 

In situ colour reaction buffer: 100 m M  NaCI, 50 mM MgC12, 100 mM Tris, pH 9.5 

Epon - araldite: 7 1 g Dodecenylsuccinic Anhydride, 48 g Epon 5 12 resin, 

25 g Araldite resin. 0.25 ml DMP(dimethyam inomethy 1 

pheno1)JO 

Glycine stock solution: 10 g/ 100ml dHZO, filter sterilized 

GkILLI: 1 :3 mixture of methyl salicilateiCanada balsam 

Hoyer's Mountant: 30g gum arabic, ZOOg chloral hydrate, 20 g glycerol in 50 

ml dH20 

In situ hybridization solution:SO% deionized formamide. 5X SSC. 100pg/ml 

sonicated, boiled salmon sperm DNA, 100pghl  tRNA, 

jOpg/ml hepann, 0.1% Tween 20 in DEPC treated HzO 

Injection Buffer: 3 mM KCI. O. I m M  PO4 

LB medium: 1% bacto - tryptone, 0.5 % bacto - yeast extnct, 1 % 

NaCl in dH20 

PB: 7 mM Na2HP0,, 3 mM NaH2P04, pH 7.2 

PB-T: 0.3% Triton X - IO0 in PB 

PB-TB: 1% BSA in PB -T 

PBS: 130 mM NaCI, 7 mM Na2HPO4, 3 mR.1 NaH2P04, pH 7.2 

PBT: 0.2% Triton X - 100 in PBS 

PBTN: 2% NGS in PBT 

PBTNB: 2% NGS, O. 1% BSA in PBT 

PEMS: 0.1 M Pipes, 2 mM MgS04, 50 mM EGTA 

Proteinase K stock solution: IOmg'mI non-predigested Proteinase K in dH.0. 

Solution 1: 5OmM glucose, Z m M  Tris (pH8.0), lOmM EDTA (8.0) 

Solution II: 0.2 N NaOH, 1 % SDS 

Solution III: 60ml 5M KAc, 1 1 Sm1 glacial acetic acid, 28.5ml H20 



TE: 1 OmM Tris-Cl, pH 7.4, 1 m M  EDTA, pH 8.0 

TAE: 0.04 M Tris-acetate, 0.00 1 M EDTA 

Triton Water: 0.2% Triton X- 100 in water 

X - Cal Staining Buffer: 10 rnM NaPOJ (pH 7 .2 ) ,  15OrnM NaCl, 1mM MeCl?, 

0.3% Triton X-100.3.1 m M  IC[F~"(CN)& 3. \ m M  

KJ [F~" ' (cN)~]  

X - Cal Stock Solution: 10% X-gai in DMF 

Isolation of Cenomic Clones 

The Drosophila virilis and melanogusfer renomic clones were isolated from the librarirs 

kindly provided by Dr. G. Boulianne and Dr. H. Lipshitz, respectively. Genomic DNA 

fragments containine DE-cadherinl shorgim (Tepass et al., 1996) were uscd as probes to 

isolate the shotgiîn gene in D. virilis and flanking DNA from both specirs. Several 

lambda clones were isolatrd (M. Pinto and U. Trpass. unpublished data) and I was 

responsible for restriction mapping, determining the order of the clones and subcloning 

the h DNA into plasmid vectors to enable sequencing. Additional screening was also 

performed to obtain DNA necessary to fil1 in gaps. 

Construction of P-transformation Plasmids 

Cloning Techniques: 

The cloning procedures are described in Sambrook et al. (1989). New England Biolabs 

(NEB), Roche, Phannacia and GibcoBRL restriction enzymes were used. Digests were 

performed using the buffers supplied by the manufacturer under the recommended 

conditions. Following digestion, the 5' ends of the vectors were dephosphorylated 

according the manufacturer's instructions with Shrimp Alkaline Phosphatase (Roche). 



Gel runnine and frament purification: 

DNA fragments to be used for subcloning were run on a 0.8 % agarose gel in IX 

TAE following endonuclease digestion. Fragments were cut out from the gel and 

purified, following the manufacturers directions, using the Gcne Clean Kit I I  (B I0  1 O 1 ). 

Formation of biunt ends via f i I I  in reaction: 

To produce blunt ends, the plasmid was linearized with a restriction enzyme in a 

volume of 30 pl. The digest was heat inactivated and 24 units of DN.4 Polymerase 1 large 

Klenow fragment (GibcoBRL) and 5p1 of a 10 mM dNTP mix (Roche) were added to a 

tinal deo.uynucleotide concentration of ImM with a h a 1  reaction volume of 50yl. The 

fil1 in reaction proceeded for 20 minutes at room temperature and terminated by phenol 

chloroform extraction (Sambrook et al., 1989). 

PCR: - 

PCR reactions were prrformed following manufacturers' specifications. 

Amplification conditions were optimized using Taq poiymerase (Gi bcoB RL) prior to 

amplification with high fidelity Pfir polymerase (Stratagene) For subcloning. 

Annealing ~rirners for Iinker: 

Desalted linker oligonucleotides were commercially synthesized (GibcoBRL) and 

dissolved in distilled deionized water to a final concentration of 1 yg/yl. In a reaction 

volume of 50 pl, 20 yg of each oligonucleotide and 50 m M  NaCl were combined in a 



microfuge tube. The tube was placed at 6S°C for ten minutes and then removed and 

cooled to roorn temperature on the lab bench. Linker was stored at -20°C until needed. 

Lieaiion and transformation: 

Ligations were carried out at a 1:3 molar ratio of vector to insert in 1X ligase 

buffer supplied with the T4 DNA ligase (Pharmacia). One unit of ligase was added for a 

final reaction volume of 20 pl and the ligation was allowed to proceed at 14OC for a 

minimum of six hours. In a microfuge tube, 10 pl of the ligation reaction was used to 

transform 100 pl of DHSa competent E. coli cells that had been thawed on ice. The 

mixture was grntly swirlrd and incubated on ice for thiny minutes. Following the 

incubation, the tube was heat shocked in ;i 37°C water bath for two minutes and 

immediately cooled on ice for two minutes. 500 pl of LB broth \vas ridded to the tube and 

placed in a 3 7 O C  shaker at 250 rpm for thiny to sixty minutes. Transfomed cells were 

pelleted by centrifugation and rnost of the supematant was removed from the rnicrofuge 

tube leaving approximately 100 pl of supernatant. The pellet was resuspended in the 

supematant and plated on LB-ampicillin agar plates (100 ,ug/ml ampicillin). The plates 

were allowed to dry at room temperature and incubated invened at 37OC overnight for 

sixteen hours. For vectors allowing blue-white selection, the LB-ampicillin plates were 

plated with X-gal (4 pl of X-gal stock solution was dissolved in 100 U I  LB pet plate) and 

allowed to dry prior to plating the transfonned cells. 



Plasmid DNA isolation: 

Small scale DNA preparations were used to identiS, bacterial clones containing 

recombinant plasmids. Colonies were picked with sterile toothpicks from the LB-agar 

plates and grown for sixteen houn in 14 ml polystyrene tubes containing 2 ml L B  and 

200 pg of ampicillin with constant shaking at 37°C . 1.5 ml of each ovemight culture was 

transferred to a microfuge tube and centrifuged for one minute at 15000 rprn. The 

supematant was removed by aspiration. To each tube, 100 pl of ice cold Solution I was 

added and immediately vonexed to resuspend the pellet. 100 pl of Solution I I  was then 

added and mixed gently by inversion. 150 pl of Solution I I I  was then added to the tube, 

gently vortexed and placed on ice for five minutes. The lysed bacteria were centrifuged 
C 

for five minutes at 15000 rpm and the supematant transferred to a new rnicroFuge tube. 

The DNA was precipitated by the addition of two volumes of 100% ethanol and allowed 

to stand for two minutes. The DNA was then pellrted by centrifugation (15000 rpm) at 

4OC for fifteen minutes. The supernatant was removed and the pellet air dried for ten 

minutes and resuspended in 50 pl TE buffer and 25 pg of RNase A. Larger quantities of 

DNA (up to 100 pg) were purified using the Qiagen midi prep kit (Qiagen). 

DNA seauencing and analvsis: 

Automated DNA sequencing was performed by commercial sequencing facilities. 

Sequence alignments were performed using CLUSTALW with detault panmeters 

(niompson et al., 1994). The predicted cleavage site of the signal peptide was determined 

using SignalP mielsen et al., 1997). 



Piasmids and vectors: 

The following plasmids and P-element vectors were used in cloning the gene 

constructs to be used for establishing transgenic stocks using P-element mediated 

transformation. 

1 ) pBS-SK (+/-): pBluescript 1 SK(+/-) phagemid (Stratagene). Contains incZ gene, 

ampicillin resistance gene and a multiple cloning site. 

2) pBS-DEC: contains full length 5.4-kb DE-cadhrrin cDNA cloned into the EcoRl site 

of pBluescnpt 1 SKI (Oda et al., 1994). 

3 )  pBS-DCT-EK: contains full length 3.0 kb Du-catenin cDNA cloned into pBluescript 

I SK+ as a Kpnl-EcoRI fragment (Oda et al., 1994). 

4) 9kb genomic slig fragment: a 9kb genomic shg Soll-EcoRI fragment cloncd into 

pBIuescript 1 SK+ containing most of shozgzin (Tepass et al.. 1996). 

5 )  pCaSpeR-Bgal: a P-element transformation vector containing a white selectable 

rnarker and multiple cloning site. This vector allows for the testing of 

regulatory/promoter sequences in front of a lacZ reporter gene Iûcking a minimal 

promoter or a start codon. Therefore the inserted srquences must contain both 

translation and transcription stan sites (gift from C. Thummrl; Thummel et al., 1985). 

6) pCaSpeR1: a P-element vector containing a white selectable marker and multiple 

cloning site (Thummel and Pirrotta, 1992). 

7) pUAST: a P-element vector into which genes can be subcloned behind the GAL4 

UAS (Upstream Activation Sequence). pUAST contains five Gall  binding sites 

inserted into pCaSpeR3 P-element vector retaining several unique sites into which 



genes or cDNAs can be inserted as well as an SV40 transcription termination site 

(Brand and Pemmon, 1993). 

8) pCaSpeR - hs: a P-element vector allowing heat-inducible expression of an inserted 

open reading frame. This vector contains a white selectable rnarker, and hsp70 

promoter, a multiple cloning site and an hsp70 3'  trailer (Thummel and Pirrotta, 

1992). 

9) pCaSpeR - hs43 - l a d :  a P-element vector allowing for the testing of regulatory 

sequences in front of a locZ reporter genr transcribed from a minimal promoter 

derived from the hsp43 genr. (Thummrl and Pirrotta, 1992). 

Plasrnid Constructions: 

1 )  1.5 kb ATG - lacZ: This constmct contains 1484 bp immediateiy 5' of the ATG stan 

codon. First, an 1676 bp fragment of senomic sequence upstream of shorgrtn (from 

165-1 bp 5' of the ATG to the start site) was PCR ampli tïed from a 5.5 kb subcloned 

genomic shotgrn fragment from the D. melanoguster ÀDNA library (from 43 12 bp 5' 
u 

of the ATG to 1 1  12 bp downstream of the sran codon), using oiigonucleotide primen 

SATT TGA GCT CCC GCA CAT CGT TGA ACA C and S'TGA CGA ATT CTC 

ATA CTC TCT AGC GGC GAT C containing flanking Sac1 and EcoRI sites 

respcctively. This fragment was purified, digested with Sac1 and EcoRI and 

subcloned into pBS SK+. The PCR product was sequenced to ensure no 

misincorporation of nucleotides. This plasmid was then digested with Shi and EcoRI, 

the 1484 bp fragment was then purified and subdoned with the start codon in frame 



to the P-element lac2 expression vector pCaSpeR-Pgal using XbuI (a compatible 

cohesive end to S y I )  and EcoRI. 

2) 4.3 kb ATG - l a d :  This construct contains 4.3 kb immediately 5' of ATG start 

codon. A 2702 bp Sacl fragment (43 12 bp to 16% bp upstream from the start site) 

was liberated from the same 5.5kb genomic shorgztn fragment used in the PCR 

amplification for the 1.5 kb ATG - lac2 construct. This fragment was purified and 

ligated in the correct orientation to the PCR fragment (from 1654 bp 5' of the ATG to 

the start site) subclonrd into pBS digested with Sad. Finally, the above construct in 

pBS was digested with PsrI and EcoRl and a 13 17 bp fragment was purified and 

ligated with the start codon in frame to the IucZ coding region in pCaSpcR-Bgal 

iinearized with Pst1 and EcoRI. 

3) 4.3 kb  ATG - lac2 plus 1.1 kb intron: An 1 162 bp fragment was PCR amplified 

from the 9kb shg genomic Fragment using the oligonucleotide primers 5' CTA CTG 

CAG GTG AGT TTC CTG GCC CAC TG and 5' CCA CTG CAG GAT CCA AGT 

AGA AGG TAA AGA TAA AGC. This fragment contains the entire 1 143 bp intron 

flanked by a Pst1 site and PsrI-BamHI sites respectively. The arnplified product was 

digested with PsrI, purified and subcloned into pBS digestrd with P d .  The PCR 

product was sequenced to ensure no misincorporation of nucleotides. The above 

construct was digested with Psrl, purified and ligated to 4.3 k b  ATG - lacZ construct 

linearized with Pstl. 

4) 10.5 kb slig rescue fragment: This 10 492 bp construct in pCaSpeR4 was genentrd 

in two steps. First, a 5424 bp fragment (from 43 12 bp 5' of the ATG to 1 1  12 bp 

downstream of the start codon) was digested with PsrI-SpeI from the 5.5 kb 



subcloned genomic shg Pst1 fragment from the D. rnelanogaster hDNA library. The 

fragment was then purified and ligated into the P-element vector pCaSpeR4. This 

piasmid was then linearized with SpeI and ligated to an 5062 bp SpeI fragment (from 

1 1 12 bp to 6 174 bp downstream from the start codon) isolated [rom the 9kb shg 

genomic fragment. The correct orientation of the Spel fragment was verified by 

restriction mapping. 

PUAS-Du-catenin: This plasmid was generated by subcloning the full length 

Du-catenin as a SolI-XbaI fragment from pBS-DCT-EK (Oda et al., 1993) into the 

Xhl (San compatible) and ?(bal sites in pUAST. 

PUAS-Da-cateninAC (Carboxy terminus): Du-catenin was truncatrd at position 

1996 bp of Du-catenin cDNA and the remaining 3' cDNA was replaced with a linkrr 

containing two tandem stop codons. The construct was generated by digesting pBS - 

DCT - EK with AszdI and XbaI. A linker oligonucleotide was inserted into the 

linearized plasmid. The two annealed nucleotide sequences 5' pCGA AGA TAA 

TAA AAG CTT GGG T and 5' pCTA GAC CCA AGC TTT TAT TAT CTT were 

flanked by an Aszt I I  site and a XboI site and an intemal HindIlI site to ensure 

incorporation. This truncated construct in pBS was then sequenced to confirm that the 

stop codons were in trame. This plasmid was digested with San and Xbal and ligated 

to pUAST digested with XhoI and XbaI. 

hs-Du-catenin: This construct was generated by linearizing pCaSpeR - hs with 

EcoRI. The linearized vector was filled in to produce a blunt end and then digested 

with XbaI. A purified Fra-ment containing the full length DU-catenin digested wirh 

EcoRV and B a l  was ligated to riCaS~eR - hs. 



Ceneration of Transgenic Stocks 

P-element mediated transformation is a technique that allows novel DNA 

sequences to be introduced and integrated in the Drosophila genome. P-elements are 

mobile elements that contain inverted terminal repeats and a gene encoding the 

P-transposase enzyme. Only the terminal repeats are necessary for P-rlement 

transposition if an altemate source of transposase is provided by a "helper" plasmid. 

Modified P- elements containing a marker gene are, therefore, widely used as vecton for 

introducing additional DNA sequences into the Drosophila grnome (Rubin and 

Spradling, 1982). 

The P-element constructs described in the section nbove werc rnicroinjected into 

iv"" Drosophila embryos to establish transgenic lines. The helprr plasmid used in thrse 

experiments was PA2 - 3(99B), an immobile element with high transposasr activity 

(Robertson et al., 1988). 

Several hundred wu*' flies were set up in large collection chambrrs over yeasted 

apple agar plates. Plates were changed every 30 - 45 minutes to collect pre-blastula eggs 

for injection. Embryos were dechorionated in 50% bleach, washed thoroughly in water 

and transferred to a siide containing a piece of applr agar to prevent rapid drying of the 

eggs. The embryos were lined up under a dissecting microscope with the anterior end 

toward the agar edge and then transferred to a thin strip of double sided tape attached to a 

slide for drying. The eggs were allowed to dessicate for approximately 10 minutes or 

until slight rippling was observed when gently nudged with a dissecting needle. The 



embryos were then covered in halocarbon oil (Halocarbon Products Co., NJ) and 

transferred to an inverted microscope for injection. 

A mixture of vector and helper DNA was prepared for injection by ethanol 

precipitation. The DNA was resuspended in injection buffer to a final concentration of 

0.2 ~g of vector and 0.1 pg of helper DNA per 1 pi of injection buffer. The DNA 

solution was centrifuged briefly just prior to use in order to avoid clogging the nerdle 

with any debris. The injection needls was sharpened on a needle sharpenrr (Narishige) 

and filled with DNA usine a pulled out pipet tip. The needle was tïttrd into its holder 

connected to a micromanipulator (Leitz). A 50ml syringe joined with plastic rubing to the 

needle holder provided injection pressure. 

Injection was carried out prior to pole ceIl (germ cell precursor) formation. The 

DNA solution was injected directly into the posterior cytoplasm of the embryos with just 

enough pressure applied on the syringe to deposit a small but visible volume. .Mer al1 the 

embryos were injected, damaged and overly aged embryos (already containing pole cells) 

were removed under a dissrcting microscope. The embryos were placed in a moist 

chamber overnight at 18OC. After two days, any hatched larvae were transferred to a 

yeasted apple agar plate at 25OC. Third instar l a m e  were placed into yeasted vials with 

standard food at 25°C until eclosure. 

Eclosed males (GO) were mated with five iv"'" virgin femaies. The FI progeny 

were screened for transformants by the expression of the w' marker gene resulting in red 

eyed flies. Transfomants were then balanced by standard genetic crosses. 



Generation of Recombinant Stocks 

Recombinants were generated to assess the extent to which the 10.5 kb shotgun 

rescue construct was able to rescue various shotglin mutant alleles. Using standard 

genetic crosses, recombinants were generated between the rescue construct and the 

shorgzrn alleles: shg3" and 

Whole Mount in situ Hybridization with Non-radioactive Probes 

Whole rnount in sin1 hybridizations on embryos were performed to examine the 

expression pattern of shotgirn in D. melnnogaster and D. virilis and also to drtemine the 

extent of the shotgiin promoter in the lac2 reporter constmct assays. 

Labelling ot'mobes: 

The following probes were used: 

The DNA fragments were digested with their respective enzymes, gel purified and 

digoxigenin labelled by random priming. For labelling, approxirnately 1 pg of the 

purified DNA fragment in a final volume of 30 pl was denatured in a boiiing water bath 

for five minutes and imrnediately cooled in an ice bath for another five minutes. To the 

denatured DNA the following were addrd: 4 pl hexanucleotide primers (Roche), 4 FI 

dNTP labelling mixture (Roche) and 2 pl Klenow polymerase (GibcoBRL). The reaction 

was allowed to proceed ovemight at room temperature and the dig labelled DNA 

precipitated by ethanol precipitation. The DNA was then redissolved in 50 pl of distilled 

deionized water and stored at - 20°C. 

Source 
shg cDNA 2293 - 3986 
shg cDNA 1452 - 2275 
lacZ-SV40 frorn pCaSpeR-hsl3-lac2 

Probe 
D. melanogas~er shg 
D. virilis shg 
lac2 

Fragment length 
1693 bp XhoI - Sac11 
823 bp Kpnl - HindIII 
4380 bp Pst1 



Fixation and hybridization of embryos: 

Embryos were collected overnight on apple agar plates, dechorionated in blrach 

and transferred to a 20 ml scintillation vial. Embryos were fixed by shaking in mixture of 

5 ml heptane, 1.5 ml 37 % formaldehyde solution and 3.5 ml PEMS buffer for rhirty 

minutes. Following the fixation the aqueous (lower) phase and approximately 3 ml of the 

heptane were removed and replaced with 3 ml of rnethanol. The embryos were shaken 

vigorously for one minute with the devitellinized cmbryos falling to the bottom of the 

vial. Al1 liquid was removed and the embryos were washed twice in methanol. transferred 

to a microfuge tube and stored at - 20°C until nerded. lmmediately prior to hybridization, 

the probe was denatured in a boiling water bath for ten minutes and quickly çhillcd on 

ice, 

To a microfuge tube containing 75 pl of setrled embryos, 500 pl of xylenes and 

500 pl of ethanol were added for thirty minutes and thrn removed. The cmbryos were 

washed five times in ethanol, twice in methanol and three times in PBT prior to being 

fixed for thirty minutes in 7.4 ml PBT and 1 ml 37% fomaldehyde solution and then 

washed five times with PBT. The embryos were then treated with proteinase K solution 

for approximately four minutes and the reaction stopped by rinsing twice in glycine 

solution and washed twice in PBT. Embryos were fixed for tifteen minutes in 5% 

formaldehyde solution in PBT and then rinsed five times in PBT. This was followed by a 

rinse in a 50°C preheated 1: 1 mixture of PBThybridization solution and then incubated 

ovemight in I ml of 50°C preheated hybridization solution. The hybridization solution 



was then removed and 20ng - 40 ng of denatured probe was added to the embryos and 

incubated at 50°C with gentle rocking For two days. 

Detection of probes: 

The embryos were rinsed once and then washed in 50°C preheated hybridization 

solution for thirty minutes. This was followed by a thirty-minute wash in preheated 

PBTihybridization solution and four times twenty minute washes in 50°C PBT. The 

embryos were then washed once for ten minutes in room temperature PBT an incubated 

in preabsorbed anti-digoxigenin antibody (Roche) at a 1:2000 dilution overnight at 4°C 

on a shaker, 

Following the incubation with anti-digoxigrnin antibody, the embryos were 

transferred to a microtiter plate. washed four times twenty minutes in PBT, rinsed in 

colour reaction buffer and incubated in colour reaction buffer containine 1.5 pl of NBT 

and 3.5 pl of X-phosphate per ml (Roche). After the desired intensity of the colour 

reaction was achieved, the embryos were washed three times in PBT. 

The embryos were transferred to a microfuge tube and dehydrated in an ethanol 

series; twice for two minutes in 70 % ethanol followed by twice for two minutes in 100 

% ethanol. For whole mount in situ, the ethanol was removed and replaced with 200 pl 

GMM. Any remaining ethanol was allowed to evaponte prior to mounting on slides. For 

scctioning, the embryos were then washed twice in acetone for two minutes and 

transferred to a I : 1 mixture of acetone/epon - araldite on a glass dish. The acetone was 

allowed to evaporate, sealed and stored at - 20°C until the embryos were embedded. 

Cross Sectioning 



Embedding: 

Embryos were transferred from a glass dish with a dissecting needle into a plastic 

mould containing fresh epon-araldite. The embryos were allowed to polymerize ai 6j°C 

for 2 days. 

Cross Sectioning: 

Embedded embryos were sectioned on an ultra-microtome (Sorvall) using a glass 

knife. Each 1 O pm section was placed on a drop of dHIO on a gelatin ( 1 %) coated slide. 

Following sectioning, the slide was placed on a hot plate to evaporate the water. fresh 

epon-araldite was added to the slide and a coverslip piacrd over the sections. The slide 

was incubated at 65°C for one day. 

Cuticle Preprrations of Embryos 

Cuticle preparations were used to evaluate the degree by which the rescue 

construct affected the embryonic phenotypes of various shoigtrn alleles. Em bryos were 

collected on apple agar plates for one day and allowed to develop for another day at 

W C ,  dechorionated in bleach and washed thoroughly with water. The rmbryos were 

placed on paper towels to remove excess water and then transferred to a slide and 

mounted in a Hoyer's/lactic acid ( I : l )  mixture. The embryos were cleared at 65°C for 

two hours. Cuticle preparations were examined using a compound microscope under dark 

field and phase contrast optics. 



Antibody Staining 

Antibody stainings were performed on embryos to compare the localisation of 

DE-cadhenn in Drosophila melanogaster and Drosophila virilis. 

The following antibodies were used at the specified dilution: 

Embryos were collected either ovemight or for nine hours on apple agar plates, 

dechorionated in bleach and transferred to a 20 ml scintillation vial. The embryos were 

tixrd by shaking in mixture of 5 ml heptane, 1.5 ml 37 % formaldehyde solution and 3.5 

, 

ml PEMS buffer for thiny minutes. Following the fixation the aqueous (lower) phase and 

Source 
Oda et al., i994 

Jackson Laboratories 
Jackson Laboratories 

Antibody 
Anti - DE - cadherin, DCAD2 
Cy3 - coniupated anti - n t  secondary 
Cy3 - conjugated anti - nbbit secondary 

approxirnately 3 ml of the heptane were removed and replaced with 3 ml of methanol. 

Dilution 
150 
1200 
1 A00 

The embryos were shaken vigorously for one minute and the devitellinized were allowcd 

to faIl to the bottom of the vial. Al1 liquid was removed and the embryos were washed 

twice in methanol, twice in ethanol, transferred to a microfuge tube and stored at - 20°C 

until needed. 

The embryos were washed twenty minutes in PBT for four times prior to blocking 

in PBTN for one hour. Primary antibody incubation was in PBTNB ovemight at 4OC. The 

following day, the embryos were rinsed quickly three times in PBT, washed four times 

for twenty minutes each in PBT and then blocked two times twenty minutes in PBTN. 

The embryos were then incubated in the secondary antibody ovemight at ;lac. Following 

antibody incubation, embryos were washed four times fifteen minutes in PBT and 

mounted on slides in antifade mounting medium. 



Results 

The shotgun Cene from Drosoplrila virilis 

To locate cis regulatory elements that may be involved in transcriptional 

regulation of DE - cadherin, a shotgcin homologue and tlanking sequence was isolated 

from another Drosophila species. D. viriiis. Since thcse species diverged over 60 million 

years ago, any sequence conservation in non-coding regions is likely to br of functional 

signi ficance. 

D. nrehogaster and D. virifis lambda genomic libraries were screened and a 

number of clones isolated, subcloned and sequencrd. A comparative examination of the 

shorgtin genes reveals a highly similar amino acid sequence and similar intron - exon 

organization (Figure 1). The sltotgtrrt genes are organized in two wons with similar 

lengths and separatcd by a single intron beginning at the same position but varying in 

length (1.1 kb (D. melonogaster) vs. 1.6 kb (D. virilis)). The proteins between both 

species show 77 % arnino acid identity (Figure 2). Whilr both proteins have a predicted 

signai peptide cleavage site in the amino terminus of the protein, this site is not conserved 

between the species (Figure 2). 

In addition to identifying a similar genomic organization and high sequence 

identity between both shorgiin genes, the transcript and protein expression pattems of 

both genes were also examined. Cross-sections of whole mount in situ hybridizations of 

embryos from both species stained with D. melanogasrer and D. viriiis shotgiin probes, 

respectively, exhibit similar though not identical expression pattems (Figure 3). During 

stages 9 - II ,  both D. meianogaster and D. virifis exhibit high ectodemal expression, 

downregulation in the neural primordium and absence of expression in the 



Figure 1. Genomic organisation of the sfzotgrrn genes from D. mekrnogaster and 

D. virilis. 

Overall structure of DE - cadherin and genomic organization of sliorgzrn. Exons are 

s h o w  as boxes with the coding region shaded with hatched lines. The putative location 

of the transcriptional start site for the D. melanogaster shorgrin gene was based on the 

position of the first nucleotidr of the longest cDNA (Oda et al., 1994) and is indicated by 

a dashed arrow. The transcriptional start site for D. viril is was not drtrrmined. 
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Figure 2. Alignments of amino acid sequences of D. ntelanoguster and D. virilis 

DE - cadherin. 

D. melanoguster and D. virilis sequences are on the top and bottorn row, respectively. 

Residues identical between the proteins are labelled with an asterisk (+). A colon (1) and 

period (.) indicate conserved and semi-conserved substitutions, respectively. Of the 1507 

amino acids coding for D. virilis DE - cadherin 77 ?6 or 1 155 residues are identical to D. 

melanogaster DE - cadherin. The triangle indicates the predicted cleavage site of the 

signal peptide as detennined by SignalP (Nielsen et al., 1997). 





mesoderm. The only observed difference in early embryo expression was that D. virilis 

embryos do not exhibit an increased shotgztn expression in the midline cells (Figure 3). 

Similarly, antibody stainings on D. melanogaster and D. vinlis embryos using the DE- 

cadherin antibody reveal identical expression patterns in both species (not shown). 

Conserved Elements in Non-coding Regions 

A total of 4.3 kb upstream of the start codon in D. ntelanogaster was seqiisncrd 

and compared to approximately 1 kb upstream in D. virilis. All sequence comparisons are 

in relation to the ATG translational start site since the transcription start sites wrre not 

mapped for cither g e n t  Recently, the Drosophila genomc project has providrd the 

complete sequence of the region that contains shorgzru (FlyBase, 1999). Therefore, 8 kb 

of D. melanogasrer sequence was cornpared to 4 kb D. virilis sequence upstream of the 

ATG for possible regions of high similarity. 

The sequence comparison revealed twelve regions of high sequence similarity 

(Figure 1). The regions varied in size and identity averaging 36 bp in length and 81 % 

identity. Eight conserved regions were found upstream of the putative stnrt codons 

(Figure 3). Seven of these regions were found within the 5' untranslated region of the 

shotgzrn cDNA reported in Oda et al. ( 1994). While the distance of these regions frorn the 

start codon varied between D. melanogaster and D. virilis, the order of these regions was 

conserved. The final region of upstream conservation was 5' of the shotgzin cDNA and 

was located approximately 2.6 kb upstream of the start codon in both Drosophiln species. 

This conserved region contains 2 E boxes in tandem. E boxes are DNA binding 



Figure 3. Embryonic expression of the shotgtrn genes frorn D. nielanogaster and 

D. virilis. 

Top, schematic cross section through the germband of a stage 9 - 1 1  embryo. Bottom, 

shogtn is highly expressed in the cctodenn and midline cells and is downregulated in the 

neural progenitors and mesoderm. The embryonic sho~gzrn tnnscript is labelled by in sirir 

hybridization in cross sections of stage I l  ( A )  D. melmzogasrer and ( B )  D. virilis 

embryos. Increasrd expression in the midline cells was absent in D. virilis. 
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Figure 4. Conserved regulatory elements. 

Top, schematic alignment of shotgzrn regulatory sequencrs for D. melanoguster and D. 

virilis. A dashed arrow indicates the putative location of the transcriptional start site. 

Boxes represent the coding region. Consrrved elements in non-coding regions are 

represented as a series of solid vertical lines. Dashed coloured lines join corresponding 

elrmrnts between the two species. The clements are labelled from A to L, and the 

rlement length and identity bctween species are listed. 

Bottom, sequence alignments of conserved regions. D. rnekunogc~srer and D. virilis 

sequence are on the top and bottom row. respectively. Nucleotides identical brtween the 

species are labelled with an asterisk (*). 
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motifs found to bind basic helix-loop-helix (bHLH) proteins and transcription factors of 

the Snaii zinc finger family (Murre et al, 1989; Fuse et al., 1994). This motif, also 

appearing in tandem, has been found in the E -cadherin promoter of mouse and was 

shown to hcilitate repression in mesenchymal culture cells (Hennig et al., 1996). 

Additional solitary E boxes were found upstream of the start codon (23 E boxes), within 

the intron of shorgiin (6 E boxes), and downstream of shorgzrn (2 E boxes). 

Within the intron, two regions of sequence identity were located. A 37 nuclsotide 

stretch displayed 78 % identity and a 12 base pair sequence eshibited 100% identity. The 

former sequence from both genes was predictcd to produce an RNA hairpin loop (Figure 

5). The cornparison of downstream sequences revealed two regions of identity. One 

region was within the 3' non-coding region whiie another region procetrded ihr 

transcription termination site. 

Drosophila Lines Generated 

r - 

Line 
1.5 kb ATG - lac2 
4.3 kb ATG - lac2 
10.5 kb shg rescue 
fragment 
shgJi7, 10.5 kb shg 
rescue fragment 
recombinant 

i reicue fragment - 

recombinant 

shgRbY, 1 0.5 kb shg 

# Generated 
6 
6 
5 

15 

) fragmend#5) # 1 - 7 
3 1 shgR6'. {P[Iv+. 2 0.5 kb shg rescire 

Genotype 
P[w+. 1.5 kb ATG - lacZ]#l - 6 
P[w+. 4.3 kb .4 TG - lacZ]# 1 - 6 
P[iv+. 10.5 kb shg resczre 
fragment]# 1 - 5 
shgN7, {P[iv+. 10.3 kb shg rescire 
fi-nLqrnenr]#4) # 1 - 3 
shgJt7+ {P[w+. 10.5 kb shg rescue 



Figure 5. Element I forms a hairpin loop. 

Conserved DNA sequence between D. ntelanogaster and D. virilis in the intron is 

palindromic and can forrn a potential hairpin. 



D. melan ogaster 



Characterisation of the sliotgun Rescue Construct 

A rescue constmct containing 4.3 kb of genomic sequence upstream of the start 

codon Followed by genomic shotgzrn DNA (5 .5  kb) and approximately 1.0 kb of 

downstream sequence was constructed to determine if the necessary regulatory elemenis 

are contained within these regions in order to rescue the sltotgztn mutant phenotype. 

The 10.5 kb rescue constmct \vas able to rrscue rhr mutant phenotype of the weak 

homozygous viable ~ l ~ ~ ~ % k l e  which causes parts of the anterior mûrgin or the wing to 

be missing (Figure 6). However. this construct was unable to rescue to adulthood any of 

the homoqgous letha1 shorgztn alleles tested. 

sliotgun mutant allele l Rrscues wing phenotype? / Rescues lethality? 
I i 

1 shgKb 
s h ~ ~ ~ ~ - '  

To evaluate the degree to which the rescue construct may have rescued the lethal 

mutant alleles, recombinants between the rescue construct and two embryonic lethal 

sllotgttn alleles were genented and cuticle preparations examined. 

Embryos mutant for the nul1 allele, s l ~ ~ ~ ~ ~ ,  lack most of the head and ventral 

epidermis (Tepass et al., 1996; Tepass and Godt. 1998). Recombinants with the rescue 

constnict exhibit a normal tmnk cuticle though severe head cuticle defects remain (Figure 

6). shg3" causes stronger defects than a nu11 allele (Tepass et al, 1996). The zygotic 

phenotype of this allele shows a lack of a11 head and ventral cuticle as well 

shg'" 
t 

shgR6' 
slle" 
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NIA 

N/ A 
No 

NIA 
N/A 
N/ A 

No 
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Figure 6. 10.5 kb rescue construct partially rescues sltotgrrn mutant phenotype. 

Top. schematic of the shotgltn gene and rescue construct. A dashed arrow indicates the 

putative transcriptional stan site. Boxes represent the coding region. Conserved elements 

in non-coding regions are represented by solid black lines. 

Bottom. skotgzrn mutant phenotypes in the wing (A) and cuticle (C, D) are rescurd by the 

10.5 kb rescue construct. A weak shoigzrn mutant. sligR6. is missing pan of the antrrior 

wing margin (A) that is fully rescurd by the rescue construct (B),  P[iv+. 10.3 kb shg 

rescire fragment]#I. The nuIl allele shgR6' causes the loss of most of the head and ventral 

epidemis (C), which is partially rescurd in the recombinant shgR". /P[Iv-. 10.5 kb shg 

resctre flgment]#S) # l (D) .  Recombinants exhibit a normal tnink cuticle though severr 

head cuticle defects rernain. The stronger than nul1 allele slrg3" causes al1 head and 

ventral cuticle as well as substantial portions of the lateral and dorsal epidrrrnis to be 

missing (E). Recombinants of shg3" and the rescue constnict (shgJ1'. (P[iv+.  10.5 kb shg 

resn<efr~1gment]#5/ #j) show a similar degree of rescue as with shgR6' (F). Howevrr, a 

fraction (-38%, n = 2412) of the recombinant cmbryos (shgfl: {P[io+. 10.5 kb shg 

rescue fragmenf]it4/ $3) also exhibited a failure in dorsal closure leading to a dorsal hole 

in the epidermis (G). 



10.5 kb genomic rescue 
* 



as missing substantial portions of the lateral and dorsal epidermis. Recombinants of 

shg3' and the rescue construct show a similar degree of rescue as with the (Figure 

6 ) .  The cuticle of the tmnk segments foms normally while severe head defects remain. 

However, while the ventral cuticle appears relatively normal, a portion of the 

recombinant embryos exhibited a failure to complete dorsal closure resulting in a hole in 

the dorsal epidermis. Therefore, the elements necessary for correct sitorgtut expression in 

the ventral neuroectoderm is found within this rescue construct while the regulatory 

elements For head involution and dorsal closure appears to be absent. 

sltotgirn Reporter Constructs 

In addition to sequence annlysis, a second approach in identifying the shorgir~l 

promoter is to develop lac2 reporter constructs. The construction of the shorgzin promoter 

region driving a reporter gene would be useful in delimiting the extent of the promoter 

and identifying cis-regulatory elements. As such, the initial construct should mimic the 

shotgtot expression pattern. The initial construct containing al1 the 5' non-coding 

sequencr obtained (4.3 kb from the ATG stan site and including the start codon) was 

subcloned into pCasper-@al (Thummel et al., 1988) (Figure 7). This vector contains the 

lac2 gene without a minimal promoter or start codon. To generate expression of O- 

galactosidase, the promoter and start codon from shotgzrn was inserted in the correct 

reading frame upstream of the reporter gene. This construct, however, does not contain 

either the conserved intron or the conserved 3' sequences that might contain important 

regulatory sequences. A constmct containing the intron and the 4.3 kb promoter construct 

has also been genented but transgenic lines were not established (Figure 7). 



A second injected construct is a deletion construct from the original 4.3kb 

promoter constnict. 2.8 kb of 5' sequence was deleted from the original construct leaving 

1.5 kb immediately upstream of the start codon fused to the reporter gene (Figure 7). 

From my sequence analysis data the only conserved sequence within this 2.8 kb deIeted 

region is the tandem E box. 

The 4.3 kb shg reporter construct which contains al1 the upstream non-coding 

sequence cloned in front of a lac2 reporter shows near wildtype shoigirn expression. As 

seen in cross sections of embryos, expression of the lac2 transcript was similar though 

not identical to wildtype shorgirn expression (Figure 7 ) .  Ail lines consistently showed 

high expression in the ectoderm that was down-regulated in the neural precursors and 

mesoderm. The near wildtype expression indicates that this construct contains the 

regulatory rlements required for correct expression in the ventral neuroectodenn. Only 

the increased expression of shotgirn in the midline was absent. This indicates that the 

constmct is rnissing some regulatory elernent(s) that are necessary for the upregulation of 

expression in these cells. This element(s) may be found cither upstream. downstream 

andior within the intron sequences not included in the 4.3 kb construct. 

An examination of cross sections from the facZ in sitirs of lines containing the 1.5 

kb shorgzln promoter construct also revealed a near wildtype expression pattern (Figure 

7). The expression is identical to the 4.3 kb construct with an absence of upregulation in 

the midline. 



Figure 7. Reporter constructs and embryonic expression of IacZ transcript. 

Left, schematic of genomic shotgzin and reporter constructs. Right, embryonic expression 

of reporter constructs. Cross sections of stage 1 1  rmbryos labelled by in sittr 

hybridization. The lac2  constructs exhibited ectodermal specific expression, 

downregulation in the neural precursors and the mesodem. Increasrd expression in the 

midline cells was not observed in either constmct. Transgenic tlirs were not established 

for the 4.3 kb upstream of ATG + 1 .  I kb intron construct. 
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Effect of Snail Transcription Factors on shotgun Expression 

Based on the identical near wildtype expression pattem for both the 4.3 kb and 

1.5 kb reporter constructs, the role of the tandem E box situated approximately 2.5 kb 

from the translational start site is questionable. However, @en the specific spatial and 

temporal expression during epithelial - mesenchymal transitions of the zinc finger and 

bHLH genes, the overrspression of Snail on shotgzrn was examined. 

Both the 4.3 kb and 1.5 kb shotgirn promoter ZucZ lines were combincd with 

UAS-snail and crossed with pairedGAL4. prdGAL4 is expressed in a periodic stripe 

pattem in the gastrulating embryo. If the expression of the zinc finger transcription 

factors up-regulate shotgzrn expression then a paired-likc lac2 pattem should be visible 

while downregulation of shotgirn would result in a stripe pattem alternate to pciird. 

Whole mount in sirtr hybridizations were pertormed on the UAS-s~lail combincd with  

rither the 4.3 kb or 1.5 kb reporter constmcts and driven by prdGAL4. Amongst the 

bHLH and Snail zinc finger genes, the misexpression of snail was selçcted since recrnt 

rvidence has shown that this transcription factor down-re_eulated E-cadherin expression 

in both invertebrates and venebrates (Oda et al., 1998; Cano et al., 2000; Batlle et al.. 

2000). The in situ revealed a paired-like pattern for both shotgzr~t promoter lines 

cornbined with UAS-snail indicating an upregulation of the shotgirn promoter by snail 

(Figure 8). In contrast, upregulation of endogenous shorgiîn was not detected by in situ 

hybridization. To ensure that the observed expression was a result of the upregulation of 

the shg reporter and not due to, prrhaps, a contamination of theprdGAL4 line with UAS- 

l a d ,  an X-gal staining on the GAL4 Iine was performed. The staining indicated that 

there was no endogenous expression of IacZ in the prdGAL4 driver (data not shown). 



Figure 8. Overexpression of mail upregulates shotgun reporter constructs. 

Whole rnount in situ hybridizations usine locZ (A, B) and genomic shogrn (C) probes on 

crnbryos containing pairedGAL1; UAS-mail and either the 4.3 kb ATG-lac2 or the ! .5 

kb ATG-lac2 reporter construct. The hyperactivation of 4.3 kb ./\TG-lac2 (A) and 1.5 kb 

ATG-lacZ (B) mRNA was seen in response to mail expression in a paired pattern in the 

ectoderm. (C) No misexpression of shotgiin mRNA expression was detected when UAS- 

snail was overexpressed with pairedGAL4. 





Misexpression of Da-catenin and Du-cateninAC 

Currently there are no known mutants for Da-catenin. To characterise the defects 

associated wi th misexpression, Du-catenin cDNA was cloned into pCasper-hs and 

pUAST vectors. Both vectors wi Il misexpress Du-catenin either ubiquitously via heat 

shock (Thummel and Pirrotta, 1992) or in a spatial-temporal fashion using the Galil/UAS 

systrm from yeast (Brand and Perrimon, 1993). In addition, a potential dominant 

negative construct was developed. This PUAS-DU-cateninAC construct lacks 

approximatrly 830 bp (about one-third) of the protein at the C-terminus. This conservsd 

region mediates binding to the actin cytoskeleton (Rimm et al., 1995). A similar delstion 

construct has been s h o w  to cause gastnilation defects in ,Yenoplis (Srghal et al., 1997). 

These defects have been speculated to be a result of disrupiion in adhesion by preventing 

the cadherin-catenin complex frorn binding the cytoskeleton. 

Ga14 Strain 

- -- 

No 
I 

a~teronsGAL4 1 I Yes 1 

Mutant phenotype with construct 1 
overexpression? 

Only the tmncated a-catenin construct, UAS-Du-cateninAC, produced a mutant 

Du-catenin 

phenotype when overexpressed. When driven with the aprerotisGAL4 line, the wings 

Du-cateninAC 

were consistently blistered (Figure 9). apterorrsGAL4 drives expression in the dorsal 

portion of the wing and overexpression of Da-cateninAC with this driver rcsulted in the 

dorsal and ventral layers to be separated from each other. 



Figure 9. Misexpression of DU-cateninAC results in wing blistering. 

(A) In the wild type adult wing, the dorsal and ventral epithelial sheets corne together via 

adhesion of their basal surfaces to each other. (B) Misexpression of UAS-DU-cateninAC 

in the dorsal side of the wing by the apreroitsGAL4 driver causes a separation of the 

dorsal and ventral layen. Failure of the layer to adhere to rach other produces a blistcred 

phenotype. 





Discussion 

Cells in the embryo are composed of two distinct classes that give rise to the 

many different ceIl types in the mature animal. The two ce11 types are epithelial and 

mesenchymal cells. Epithelial cells are characterised by a prominent polarity and are 

arranged in two-dimensional sheets. B y contrast, rnesenchymal cells are found as 

individual spindle shaped cells or in irregular cell clusters and lack a pronounced polarity. 

During developmrnt, the embryo undergoes a number of dramatic morphogenetic 

movements that result in simple tissues devrloping into complex organs. A frequently 

encountered rnorphogenetic process during embryogenesis is the transition of cells from 

an epithelial to mesenchymal character. In Drosophiln, the adhrsion moleculc, 

DE-cadherids horgirn. is a fundamental component in controlling cpi thelial 

morphogenesis. skotgm is rxpressed in most embryonic epithelia and decreases in ceils, 

such as the mesoderm or neural precursors, which undergo rpithelial to mesenchymal 

transitions (Tepass et al., 1996). The transcriptional regulation of shotgtrn was chosen as 

a topic of study because the regulation of adhesion is crucial for the development and 

maintenance of a multicellular organism. W ç  would like to discover how sliorgirn 

expression is regulated, identify any cis-acting elernents that are involved in the 

epithelial specific expression and examine mechanisms that control the down regulation 

of shotgzrn in epithelial to mesenchymal transitions. 

Twelve Conserved Elements Identified in Non-coding Regions of slrotgr(n 

The comparison of non-coding regions of shogin  between D. melanogasrer and 

D. virilis reveaied twelve regions of high similarity. The majority of the consemed 



elements are contained within the untranslated region of the shotgiin cDNA with the 

exception of the two most distal 5' and 3' elements. The 10.5 kb rescue construct 

encompassing al1 the identified elements was tested for the ability to rescue a number of 

shotgzin mutant alleles. 

slrotgim Mutant Alleles Rescued by 10.5 kb Genomic Construct 

The genetic analysis of shoigzrn mutants has s h o w  that epithelia which undereo 

large-scale movements that involve the breaking and reforming of adhesive contacts, as 

in the ventral neuroectoderm, are most sensitive to the loss or reduction of shotgirn 

(Tepass et al., 1996). About 30% of the cells in the neuroectoderm will delaminate to 

form neuroblasts while the remaining cells must close the gaps and rr-establish contact to 

their neighbours to form the ventral epidermis (reviewed in Campos-Ortega, 1993). In 

shotgun mutants, the procephalic and ventral neuroectoderm are severely affected by the 

reduction of shotgirn expression (Trpass et al., 1996). The defects appear toward the end 

of neuroblast delamination and are characterised by the lack of head and ventral 

epidenis in the zygotic null mutant. 

The 10.5 kb genomic rescue construct was able to rescue the ventral 

neuroectoderm indicating that the construct contains the regulatory regions for correct 

expression in this tissue. However, this construct was not able to rescue the procephalic 

neuroectoderm since the head cuticle that derives from this region remained absent. 

Furthemore, the rescue construct was able to panially rescue the phenotype of the 

stronger than null shg."' allele. This allele, in addition to the missing head and ventral 

cuticle, also lacks substantial portions of the lateral and dorsal epidermis and has been 



suggested to be a dominant negative allrle that reduces the function of the materna1 

contribution of shoigrn expression (Tepass et al., 1996). The rescue construct was able to 

rescue the ventral neuroectoderm as well as the lateral and dorsal epidermis with only a 

portion of embryos exhibiting a failure to complete dorsal closure. 

In conclusion, the 10.5 kb rescue construct was able to partially rescue the 

shotgrrn mutant alleles. Namely, the construct contained the regulatory elements to direct 

expression in the ventral and dorsal epidermis. However, at least one of the elements 

regulating shotgirn expression in the head epidermis is missing from the construct. A 

longer construct could be tested to further identify the promoter elements necessary to 

regulate expression in the head epidermis. 

The 1.5 kb Reporter Construct is Sufficient for Correct sftotgrin Expression 

The 4.3 kb fragment of genomic DNA upstream of the shoigun start codon that 

was cootained within the rescue constnict was fused to a locZ reporter gene as an initial 

step in determining the extent of the promoter. This fragment contained the necessary 

elements for correct regulation of shotgirn spatial expression in the ventral neuroectoderm 

as wildtype expression was detected. Expression of the reporter construct was absent in 

the rnesoderm, significantly downreguiated in the neural precursors and specifically 

expressed in the ectodenn. This reporter constnict confirms the presence of the necessary 

regulatory elements previously established by the ability of the 10.5 kb rescue construct 

to rescue the shotgurr mutant defects in the ventral neuroectoderm. Subsequently, a 

shorter 1.5 kb DNA fragment upstrearn of the start codon was tùsed to a reporter gene 

and similarly displayed correct ectodermal speci fic shotgzrn expression. Therefore, 1.5 kb 



of upstream genomic sequence from the translational start site or approximately 700 bp 

upstream of the presumed transcriptionai start is sufficient for correct regulation of 

shorglrn in the mesoderm and the trunk ectoderm. To further define the promoter and 

identib elements, 5' deletions or the mutagenesis of the remaining conserved elements 

could be initiated and tested by generating a similarly deleted rescue fragment. It should 

be noted that based on the inability to completely rescue the slzorgztn mutants (such as the 

head and dorsal closure defects), neither the reporter constructs nor the 10.5 kb rescuc 

construct contain all the regulatory elements required for correct expression. Therefore, 

additional çiements may be found further upstream or downstream of shotglrn that 

regulates expression. 

The Tandem E box does not Regulate sitotgun Expression 

The lone deleted element located upstream of the start codon that was identified 

from the sequence comparison between D. melanoguster and D. virilis and that is not 

contained in the 1.5 kb reporter construct, was the tandem E box. This exact element has 

been identified in the promoter of the mouse E-cadherin gene and has been shown to 

play a crucial role in regulating E-cadherin expression (Behrens et al., 199 1 ; Hennig et 

al., 1996). E boxes have been shown to bind to tnnscriptional regulators of the bHLH 

and Snail families (Murre et al, 1989b; Fuse et al., 1994; Cano et al., 2000; Batlle et al., 

2000). Members of which are expressed in a spatial and temporal pattern that coincides 

with E-cadherin expression. However, removal of the Drosophila tandem E box element 

did not affect the proper expression of shoqln.  A reporter construct that did not include 

the tandem motif though retaining al1 the other conserved elements did not alter the 



reporter construct expression. While this indicates that the tandem E box has no 

Functional significance in regulating the expression of shotgrrn in the tissues examined, 

two single E boxes found in the remaining 1.5 kb reporter construct rnay still contribute 

to the regulation of shorgrin and are potential elements to be deleted in future 

experiments. 

Upregulation of sliorgun Expression by Snail 

Though the deletion of the tandem E box did not affect shotgzm regulation, given 

the inverse correlation in expression of the bHLH and Snail family of transcription 

factors, the rffect on shotgzin was tested by the overexprcssioo of thesc proteins. Wholr 

mount in sir11 hybridization with a lacZ probe on both the 4.3 kb and 1.5 kb reporter 

constructs detected an upregulation of shotgzm in embryos overexpressing snoif. While 

the overexpression of vertebrate Snail has been shown to repress E-cadherin expression 

in cell culture experiments (Cano et al., 2000; Batlle et al., 2000). an opposite efkct was 

found in Drosophila. While snail directly repressrs neuroectodermal genes such as 

rhomboid and single minded in the mesodemal temtory of the Drosophila blastoderm 

(Kosman et al., 1991), a possibility exists that mail can function both as an activator and 

as a repressor depending upon tissue specific cofactors. For example, a coactivator 

protein may mediate transcriptional activation by an othenvise silent DNA binding 

protein. Another possibility is that snail interferes with a transcriptional repressor- 

thereby allowing transcriptional activation by an activator binding at a different site. 

Escargot, another member of the Snail family of transcriptional regulators, shares a high 

amino acid identity (77%) to Snail in the E box binding zinc finger domains and has been 



demonstrated to up regulate transcription of DE-cadherin in the tip cells of the trachea 

(Whiteley et al., 1992; Tanaka-Matakatsu et al., 1996). While Snail is generally thought 

to function as a transcriptional repressor (Ip et al., 1992). this gene has also been s h o w  

to activate gene expression in Drosophila. Snail is required for an increasr in 

DN-cadherin expression during early mesodem developrnent and for activation of the 

mesodermal genes dG.4 TA b and zjli-I (Hemwathy et al, 1997; Oda et al., 1998). 

Therefore, depending on the context of expression. Snail may be able to activate or 

repress shotgzrn. In addition, since this analysis was based on genetic data, any interaction 

of Snail with shotgzrn could be indirect. To resolve this issue, a molecular analysis of 

interaction between Snail and the shotgtrn prornoter is necessary. Binding assays, such as 

gel mobility shift or DNase protection analysis, would be benetkial in identifying - 
sequences of interactions that have not been detected by our sequence analysis and wouid 

be key to understanding the role of Snail in the regulation of shotgwt expression. 

Furthemore, whole mount in situ hybridizations should be performed on additional linrs 

overexpressing the proneural proteins. 

Misexpression of Da-cateninAC Causes Defects in the Wing 

To achieve strong adhesion, cadherins must not only make contacts to 

neighbouring cadherins but aiso must be anchored to the cytoskeleton. The classic 

cadherins, such as E-cadherin, are linked to the actin cytoskeleton via the catenins. The 

carboxyl terminus of ~ 4 a t e n i n  binds directly to the cytoskeleton (Rimm et al., 1995). In 

Xenopus embryos, the ectopic expression of a tmncated form of u-catenin lacking the 

actin binding C-terminus results in lesions in the ectodennal layer during gastnilation 



that are presumably due to a loss of intercellular adhesion (Sehgal et al., 1997). To 

examine whether a comparable effect in adhesion is observed in Drosophila, a similarly 

tmncated construct was ectopically expressed using the GAL4NAS system (Brand and 

Pemmon, 1993). 

A consistent phenotype was observed with the miseaprcssion of 

UAS-Du-cateninAC in the dorsal side of the wing by the apieroirsGAL4 driver. While 

the dorsal and ventral epithelial layers of the wing remained intact, loss of adhesion 

between these layers was observed resulting in a Fluid-filled "blister" or "bubblc". This 

disruption of adhesion between the layers and not within the dorsal surhce of the wing 

suggests that cadherin-based adhesion was not disrupted. Rather this blister phenotype is 

reminiscent of the phenotype observed as a result of an absence of integrin mediated 

adhesion (Brower and Jaffe, 1989; Brower et al., 1995). Similar to the cadherins, in ordsr 

for the integrins to achieve strong adhesion, they also must bind not only to their 

extracellular ligands but also to the actin cytoskeleton. A number of actin binding 

proteins that rnay be involved in linking integrins to the actin cytoskeleton have bern 

characterised (Schoenwaelder and Burridge, 1 999). Two OF these linker proteins are 

vinculin and u-actinin. Vinculin has an amino acid similarity to u-catenin and in 

panicular, a high identity was found within the actin-binding region (Oda et al., 1993). tn 

addition, u-catenin also binds to a-actinin and vinculin (Knudsen et al., 1995; Imamura 

et al., 1999). This suggests rhat the observed bubble phenotype rnay be due to a 

disruption of the integrin-actin link. Since the binding domains for vinculin and u-actinin 

are still present on Da-cateninAC construct, the overexpression of this tmncated protein 

may titre away vinculin and u-actinin thereby preventing stable adhesion between the 



surfaces of the wing. A possible reason why the misexpression of Da-cateninAC did not 

interfere with cadherin based adhesion is that the sufficient ectopic expression of 

truncated protein may have been attained too late to affect cell-cell adhesion in the wing 

epithelium but in tirne to disrupt integrin-based adhesion between the wing surfaces 

which f o m  later in development (Fristrom et al., 1993). Similarly, su fficient endogenous 

a-catenin may be present to negate any observable effects on cell-cell adhesion. 
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