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Abstract 

Protein kinase C isoelc1zy~11es beiong to the superfbdy of serindthreonine kinases. 

Many isoenzymes have been isolated in rnamds, and homologues have been found in 

lower eukaryotes. Three PKC genes have been isolated in Drosophih melanogaster; 

Pk53E, inaC, and Pkc98E. Pk53E is differentially expressed throughoid various stages 

of deveiopment, The predicted ORF fkom the published cDNA, is 75- Anti-PKC53E 

antibodies were madi againa a uniqpe peptide h m  the N-terminus of PKC53E. A band 

of 75kDa was visualized on Westem blots with adult head PKC-rich extram. A band of 

siniilar size was visuaIized in all three iarvd stages. In early and mid-pupal stages, a 

70kDa band was visualized, however, the 75kDa band was seen again in late pupal stages. 

Innrnuohistochemical staining detected protein in neural regions of stage 12 embryos. In 

late 3rd larvd instars, protein was detected in the brain, and in salivary glands. 
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Chapter 1 

Introduction 

Protein kinase C (PKC) comprises a family of kinases, which belong to die 

supdarnïly of serine/threonine kinases (Nishinika, 1986; Nishinika, 1992). At least l l 

mrmmalian isoenzymes have been identined, and several homologues have been found in 

lower ethyotes such as Dru,sophila meImu,ogarter (D. melamgaster ), and 

Skrchmomyces cerevr'sr'ae (S.cerevisim, Newton, 1995; Nishinika, 1995; Walsh et al., 

1996; Schaeffer et al., 1989; Lwin et al., 1990). These isoenzymes have been firrther 

classified according to th& Structure as classical, novel, or atypical isoforms. Three Pkc 

genes have been identified in D. mehogastet.; PRcS3E, inactivation-nmzfte?potentiaZ C 

(hC ), and P W 8 E  (Rosenîhal et al., 1987; Schaeffer et al., 1989). The putative 

polypeptides encoded by PM3E and UiaC have ss~ctural simimes with the classical 

isoe~lzymes, whereas the putative polypeptide encoded by Pkc98E is classified as a aovel 

isoenyme (Rosenthal et al., 1987; Schaeffer et d, 1989). 

1.1 PKC Structure 

Structurally, the PKC i s o e ~ e s ,  shown in Figure 1.1, a n  be divided into two 

regions; the regdatory region cornprishg the N-terminal h a ,  and the catalytic region 

comprising the C-tenmnal ha 'Ihe reguiatory region interacts with a variety of cofactors 

r@ed for activation, such as diacylgiycerol @AG), phosphatidylserine (PS), and 

calcium (c~B),  depending on the isoenzyme. Phorbol esters have been shown to mïmic 

DAG and activate some of the PKC isoen~ymes. The a y t i c  region, which tends to be 

highiy consewed among different isoenqmes within the srmhe species, and between 

species, contains the adenosine 5'-aiphosphate (ATP)-binding site, substrate-binding sites, 



Figure 1.1: Smiaure of the nummdian PKC isoe~lzymes, and the D. danog- 

putative homologues. The cPKCs have four conserved regions, Cl, C2, C3 and C4. Cl 

is composed of two Cys-rich repeats and binds phorbol esters and DAG. C2 bhds ca2+ 

and PS, C3 is the ATP-binding domain, and C4 is the substrate-binding domain. The 

pseudosubstrate domain is fou& in the N-teiminal portion of Cl. Separathg the 

conserved regions are variable domains, VI, V2, V3, V4 and V5, which V ~ I Y  in sequence 

fkom one isoenyme to the next. PKC53E, and inaC are similar to the cPKCs with the 

exception of a VI' region between the two es-rich repeats. The nPKCs are similar to the 

cPKCs with the exception of a C2-iike region, instead of a C2 region. PKC98E is similar 

to the nPKCs. The aPKCs iack C2, and one of the Cys-rich repeats in Cl. D. 

mlanogaster isoenzymes wiîh sùrmarity to the aPKCs have not been identifid PKCp 

has a transmembrane domain, and leader sequence in the N-terminus of the protein. The 

rea of the proteiu is sirnilar to the nPKCs, with two Cys-nch repeats and a C2-like 

domain. There are no hown D. melmoga;met. homo1ogues of this type of i s~enyme 

(Rosenthal et al., 1987; Schaeffer er al., 1989; Flybase, 1997; Newton, 1995; 

Nishhka, 1995; Walsh et al., 1996). 
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and kinase activity. A hinge region separates the two halves, and is sensitive to proteolytic 

cleavage, causing the release of a dytically active fiagrnent (PKM). The protein is 

rendered inactive when in a folded conformation at diis hinge region. PKC isoe~zymes 

have a pseudosubstrate domain in their N-terminus, and the amho acid sequence of this 

domain varies between classes of isoentymes and between species. The pseudosubstrate 

sequence for the mrmnnaAan PKCa isoenyme, IRFARKGALRQKNVHEm, shares 

some of the same amino atids (show in bols) with the D. melmogarter putative 

homoZoDpe PKC53E. The pseudosubstrate squence in al l  PKC isoenzymes resembles a 

consensus PKC phosphoqlation site (WRX1/2S/TXWR). A serine/threonine to alanine 

substitution, however, makes it suitable for interaction with the &strate-binding domain 

in the catalytic region without phosphoryiation. The production of sp&c coEactors 

required for activation causes the protein to unfold and to tradocate to eitha the plasna 

membrane, or to the membrane of an organelle within the ceL Although PKC isoenzymes 

have been show to imenux with a vâriety of phosphohpids at the membrane, they have 

also been demonstrated to bind anchoring proteins known as receptors for activateci C- 

kinases (RACKS) (Newton, 1995; Nishinùra, 1995; Walsh et al, 1996; Ron et al, 

1995; Ron and Mochly-Rosen, 1995; Mocbly-Rosen et al., 199 1). 

PKC isoentymes reqpire several post-translational modification events prior to 

obtaining a mature foxm. Upon initial translation, they are associated with the detergent- 

insoluble W o n  of ceus, and are several kDa lower in rnoIecuIar weight. The first 

phosphorylation ment occurs in the C-terminus, at Th.-500 in the marmahn j3II 

isoenzyme, by a putative PKC kinase. It is postulated this phosphorylation event is 

necessary to alter the conformaaion of the catalytic portion of the protein. This is foilowed 

by an SUIfophosphorylation event in the C-terminus, at Thr-641 in the mamnraiian PII 

isoenzyme, which stabilizes the d y t i c  coaf~lcmation. This is followed by anafher 

autophosphory1ation ment in the C-terminus, at Sa-660 in the mnmmnlian j3II isoen~yme, 



resulting in the matiire detexgent-sohible isoeqme (Newton, 1995; Nishinùca, 1995; 

Walsh et al., 1996). 

The family of PKC isoenzyme~ is separated into classes, accordkg to differences in 

their regulatory regions. There are four classes to date; classical (c), novel (n), mical (a) 

and p-like. The thee P h  genes in D. meimgarler, encode proteins with putative 

homology to mamrnalian c and nPKCs. The C-teminus, or catalytic region, is very weii 

conserved among the classes of isoeflz~mes, and between species (Newton, 1995; 

Nishizuka, 1995; Walsh et al., 1996; Ron et al., 1995; Ron and Mochly-Rosen, 1995; 

Mochly-Rosen et al., 1 99 1). 

The mnmmaiian chsical PKC isoe~lzyme~ (cPKCs); a, PI, PII, and y, have four 

conserved regions, with five variable regions interspersecl between them. Figure 1.1 

shows a schematic of the stmctmes of the varîous groups of PKC isoeqmes and the D. 

mehgas ter  putative homologues. The siructure of these isoenzymes is very welI 

consmeci, except Cl has been divided into Cl and Cl' in the D. ntehogaster putative 

homologues putatvely encoded by the genes PKc53E and inaC. The nrst comewed 

region (Cl) consists of two Cys-rich repeats, and each repeât binds two Zrt2+ ions. This 

f o m  a ~ n 2 +  butterfly structure, unlike the Z& fingers most commonly found in DNA- 

binding proteins (Newton, 1995). The Cl region has been dem011stmted to bind DAG and 

phorbol esters. The crystal structure and NMR, of the second Cys-rich repeat, from 

mammaiian PKCS and a respectively, showed that p h h l  esters can bind without altering 

the confarmation of this region. Hydrophobie residues and a string of basic amino acids 

becorne exposeci on the surfâce, which increase the affinity of the protein for various 

components ofthe membrane, such as lipids, and the polar headgroups of phospholipids. 

At the N-terminus of Cl, is the pseudosubstrate domain, which is important for 

maktaïning the pratein in an inactive c o n f i i o n  in the absence of substrates. The 



presence of activatîng cofactors causes the protein to d d  and translocate to the 

membrane (Newton, 1995; Nishinika, 1995; Walsh et al., 1996). 

The second conserved region (C2) is the @-binding domain, and as mentioned 

above, has also been postulatecl «> intema with PS. The crystal structure of a similar 

region in synaptotagmin showed a wre of five aspartate midues, important in maintainkg 

the folded region postulated to interact with ca2+. Binding ca2+ alters the conformation 

of the core binding site within C2, shifting the positions of a r o d c  anMo acids for easier 

interaction with nonpolar components of the membrane. This also alters the position of 

basic amino acids which can intenict more easiiy with the polar headgroups of 

phosopholipids such as phosphatidyISerine (Newton, 1995; Nishinika, 1995; Walsh et 

al., 1996). 

The third and fouah conserved regions (C3 and C4, respectively) have been show 

to interact with ATP and substrates, respectively. These regions are highly conserved 

among the different groups of PKC isoenzymes. PKC isoenzymes have cofactor and 

substratedependent ATPase activity, catalyzing a phospho-transfer went fiom ATP to the 

bound protein. They have ais0 been demonstrated to have phosphatase activity, in the 

presence of high ADP concentrations (Newton, 1995; Nishinika, 1995; Walsh et a l ,  

1996). 

Interspersed among the conserved regions, are five variable regions, VI, V2, V3, 

V4 and V5, which vary considerably in th& secpence between isoenzymes and between 

species. The D. melanogaster homoIogues also contain these regions, except they have an 

additional region between Cl and Cl', r e f d  to as VI'. These regions do not appear to 

confer any substrate or cofàctor specificity. The third variable region, V3, is the hinge 

region describeci eariier. It has been demo~l~erated to be sensitive to prateolyîic cleavage, 

by enymes such as caipain I and II (Newton, 1995; Nishizuka, 1995; Walsh et a l ,  

1996). 



The mammaiian novel isoenzymes (nPKCs); 6, 6, q/L, and 8, &O have four 

consemed regions, and the five variable regions as discussed above. 'Ihis is shown in 

Figure 1.1, with the schematics of all groups of PKC isoe~lzymes, and the D. me[mogastw 

homologues. PKC98E has highest amino acid sqence  homology to mammaliau PKCE. 

The nPKCs are Ca2+-iadqendent in th& rqphments for cofactors of activation. These 

isoeazymes have a C2-like region, however, it is poshilated that two of the Asp amino acid 

residues are dtered, one fhm Asp to Arg, in the core O?+-binding site (Newton, 1995; 

Wafsh et ai., 1996'). This dters the conf~rmatio~~ of this region, rendering it in an 'active' 

state, and mimics the effect of Ca2+-binding in the C2 domain in cPKCs. Therefore, îhis 

region already has an increased mty for the polar head groups of phospholipids, and 

lipid components of the membrane, and no longer requises ~ a 2 + .  M a m a n  PKCG has a 

property unique fkom the other PKC isoenzymes, as the V3 region of PKCG was found to 

be sensitive to prateolytic cleavage by ICE-like proteases (Newton, 1995; Nishinika, 

1995; Emoto et al., 1995; WaIsh et al., 1996). 

The manmukm atypical isoe~lzymes (aPKCs); 5 and h / ~ ,  are quite d-erent 

siructurally fkom the other PKC isoexlzy~lles in th& regdatory regions. They do not 

contain a C2 or C2-like domain, and hck one of the Cys-rich repeats fiom Cl. These are 

shown schematidy in Figure 1.1.  There are no known D. melann,gastey PRc genes 

encoding homologues of these isoenzymes. It has been show11 that these isoenzymes have 

rebced or no responsiveness to phorbol esters, and do not require ca2+ for activation 

(Newton, 1995; Nishinika, 1995; Waish et aL, 1996). 

Another mammalinn isoenzyme, PKCp, is stnicanaly different h m  the otha 

classes of isoenzymes, and is shown in Figure 1.1. This isoenzyme is not homologous to 

any known D. m e l a n o m  isoeqmes. It has a leader sequence, and .transmembrane 

domain at the N-texminus. The reguiatay region has amino acid seqwncx simihi@ to the 



nPKCs, as it has a Cl domain with two Cys-rich repeats, a C2-like domain. The aîdytic 

domain has amino acid secpence shhrity «, the ~a2+dependent bases (Newton, 1995; 

Nisbinika, 1995; Walsh et al., 1996). 

1.2 PKC in Signal Transduction 

PKC isoenzymes are involved in signal transduction pathways leading to a variety 

of cellular responses such as prolifêration, diffiérentiâtion, leaming and light adaptation 

(Tanaka and Nishinika, 1994; Buchner, 1995; Zuka, 1996). One of the most 

characttaized pathways mediating classical aad novel PKC activation, is through 

heteratrimeric G protein-coupled seven tmmmmbrane domain receptors, such as 

mucarinic, seroton@c and adrenergic receptors, shown in Figure 1.2. These receptors 

typicaiIy undergo a oonformational change upon ligand binding, resulting in the activation 

of downstream signalkg components. The signal is mduced through heterotrimeric G 

proteins, composed of three subunits; a, a, and y, and the a and y subunits have modi£ied 

tails which atlow them to anchor to the membrane, When the a subunit is in its inactive 

state, it is bound to guanosine S'diphosphate (GDP), and remains associated with the 

other two subuniîs. In the presaice of guanosine 5'-triphosphate (GTP), the a subunit 

wiU exchange GTP for GDP, and dissociate from the and y submits. The a or py 

subunits will then intenict with downstream effectors, dependhg on the f d y  of G 

protein. The a subunit has intrinsic GTPase activity, and &ter tirne, will hydrolyze GTP to 

GDP and inorganic phosphate, causing the subunits to reassociate (Cockcroft and Thomas, 

1992; B d d g e ,  1989; Berridge, 1993; Eug and Sarre, 1993; Neer, 1995). 

Phospholipase Cp (PLCB) is one of the dodo~neam effectors acfivated by the Gq 

or Go f a y  of G proteins. The D. Whogc~ster homologue, encoded by the no- 

reapor-porential (MW ) gene, will be discussed later in this chapter (Smith et al., 1991; 

Clapham, 19%; Zuker, 1996). PLCP hydrolyzes the substrate phospba~dylinositol-4,5- 



Figure 1.2: A schemiltic of PKC signahg pathways. One of the primary pathways is 

through heterotrimeric G protein-mediateci seven transmembrane receptors. An agonist 

activates the receptor, which in tum activates the associated heteroûinmic G protek. Upon 

activation, the G a  subunit dissociates fkom the py submits, and either a or py will 

activate the downstream effector, PLCP. PLCP activation stimulates the hydrolysis of 

PIP2 to IP3 and DAG. IP3 causes the Aease of ~ a 2 +  ions from internai stores such as the 

endoplasnEc reticulum (ER). DAG activates nPKCs, and ca2+ and DAG activates 

cPKCs. aPKCs are constitutively active, and do not require cofactors for activation. Ca2+ 

channek in the plesna membrane are stimulateci by the depletion of ~ a 2 +  ions from 

internai stores. Upon activation, cPKCs and nPKCs are translocated to the plasma 

membrane, where they associate with docking proteins, and phosphorylate substrates. 

PKC can alta gene expression, which may be important for crucial events such as 

proliferation, or differentiation. PKC activation cm &O occur through tyrosine kinases 

(receptor and non-receptor fomis). Upon Ligand binduig, receptor tyrosine bases  intaacî 

with SH2 domain-containiag proteins, initating signaling in several possible pathways. 

PLCy has an SH2 domain, and can be recniited to these receptors. As descnbed earlier, t 

hydrotyzes PIP2, to produce DAG and IP3, 1eading to PKC activation. There are several 

phospholipids in the plauna membrane which can be hydrolyzed, and other phosphoiipases 

may be involved in these pathways (Hug and Sarre, 1993; Faatl et al., 1993; Newton, 

1995; Nishizuka, 1995; Walsh et al, 1996). Abbreviations; phosphatase (PPase), seven 

transmembnue domain (TTM) feceptor associated with Go or Gq (Rx), heteronrimeric G 

proteins (G), phospholipase CP (PLCP), phosphatidyhosito1-4,5-bisph0sphate (PIP2), 

diacyIgiycero1 @AG), inositol-1,4,5=trisphosphate (IP3), protein tyrosine kinase receptor 

(PTKR), phospholipase Cy (PLCy), endoplasmic reticulum (ER), and protein kinase C 

(=c)- 
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@AG). This results in a surge of DAG, required for initial cPKC and nPKC activation. 

aPKCs do not rrquire cofaciors for activation, and are most likeIy constituîively active. 

IP3 binds to receptors in the membranes of intenial ~ a 2 +  stores, resuiting in an influx of 

ca2+, and a localized increase in ~ a 2 +  ions. CG+ ions are &O quired as a cofàctor for 

cPKC activation. Prolonged signalhg is enhanced by m e r  ca2+ release through 

Ulduced &+ chaunels in the plasma membrane. A &on (~a2+)  channel encoded by the 

aansient receptorpotential (bp ) gene in D. meZanogaster, is required for Ca2f influx bm 

the extracellular space, and is essential for repeated signaling of inaC @kirdie a al ,  1993; 

Clapham, 1996; Zuker, 1996). qp mutants were found to have decreased PKC activity, 

and a phenotype similar to the i d  mutant phenotype (Hardie et al., 1993). There are 

rrmltiple chmels involved in reguiating the transient ~ a 2 +  concentration, and a mutant m 

any one of these proteins could disupt M e r  PKC activation (Berridge, 1989; Bemdge, 

1993; Hug and Sarre, 1993; Clapham, 1996; Nishinika, 1992; NiShinika, 1995; Walsh 

et al., 1996). 

Other phosphoiipases hydrolyze diffaent phospholipid components of the PM, and 

produce cofactars for cPKC and nPKC activation, or poten& activation by DAG. 

Phospholipase D (PLD) hydrolyzes phosphatidylcholine (PC), redting in the release of 

phosphatiidic atid (PA) and choline, the former of which is c o ~ e d  to DAG. 

Phospholipase A2 (PLA2) also hy&oIyzes PC, produchg cis -unsaturatai free fatty acids, 

and lysoPC, which potentiate the DAG response. DAG production by hydrolysis of PC is 

more SUStaitZed, and resuits in prolonged PKC activation. The imtial surge of DAG due to 

PIP2 hydrolysis is suffiCient to ir&& PKC activation, however, prolonged activation 

requires sustained DAG production, due to PC hydrolysis. IP3 is not produced by PC 

hydrolysis, and is not accompanied by influxes of ca2? Therefore, nPKCs are most 



iïkely activated by DAG produced tbrough PC hydrolysis (Benidge, 1989; Benidge, 

1993; Hug and Sarre, 1993; Nishinika, 1992; Nishinika, 1995; Walsh et al., 1996). 

Classical and novel PKC isoeflz~mes may also be activated by some tyrosine 

kinases, as shown schematidy in Figure 1.2. An example of receptor tyrosine kinase- 

mediateci activation of PKC is through the platekt derïved growth factor receptor 

(PDGFR), which is actEcrated in the presence of platelet Mved growth factor (PDGF) 

(Koch et al., 1991). Upon activation, receptor tyrosine kinases homodimerize, and m s -  

amphosphorylate specific tyrosine residues in the vaplasmic tails. Proteins such as 

phospholipase Cy (PLCy), Grb2, GAP, and phosphatidyhositol 3-kinase (PU-kinase), 

mn intemct with specific phospho-tyrosine residues via SHî domains, dowing for the 

recruitment of complexes and initiated signalhg (Fd et aL, 1993). These proteins have 

been shown to have v-g &ties for different phospho-tyrosine residues. As a result, 

there is cross-talk between some of the diffefent pathways mediated by tyrosine kinases. 

PLCy hydrolyzes PIP2 in a sirdar fashion to PLCP, producing DAG and IP3, and PKC 

activation occurs as desmieci earber. PD-kinase is one of the key components of a 

pathway involved in phospholipid turnover, and this is necessary for repeated PKC 

activation. Grb2 is an adaptor, and has been show to interacî with son-of-sevenless 

(SOS), a guanine-nuc1eotide exchange factor essential for Ras-activation. In nxmmah 

cells, Ras-mediated signaling elicits cellular responses, tbrough mitogen-activated protein 

kinases @LW kinases), involved in proMeration, and differentiaîion (Satoh et al-, 1992). 

PKC has been sbown to phosphorylate and possibly reguiate Raf, the MAP kinase kinase 

kinase tupically a c t i v a  through Ras (Fantl et al., 1993; Lowy and Willmen, 1993; 

Nishizuka, 1995). 

Upon activation, the PKC isoenzymes undergo an alteration in conformation, and 

are translocated to the plasna membrane, or the membrane of an organelle. There is 

widence thaî PKC isoenymes can in- with docking proteins known as receptors for 



activated C-kinases (RACKS) at the membrane mon et al., 1994; Ron and Mochly-Rosen, 

1995; Mochly-Rosen et al., 199 1). PKC isoenzymes have a RACK binding site, which is 

in a diffèrent region of the protein than the subsfra*-binding do&. Recent work has 

shown that PKC isoenzymes also have a pseudo-anchorhg site, which putatvely interacts 

with the RACK binding site. This keeps the prateia folded in an inactive state, in 

conjunction with the pseudosubstratmubstrate domain interaction. Therefore, the presence 

of cofaam for activation may not be the oniy requirement for dtaing the conformstion 

imo an active state. RACKS may dock PKC isoenqmes for closer proximity to substrates, 

and help to maintain them in an active state (Ron and Mochly-Rosen, 1995). 

1.3 PKC Substrates 

PKC isoenzymes phosphorylate a plethma of substrates in vitro, however, most are 

not likely to be substrates ùz vivo, due ta Merential tempml and spatial patterns of gene 

expression. S e v d  nmmah PKC substrates will be discussed, as weii as substrates 

which could interact with the putative isoe- encoded by the D. m e ~ o ~  Ph 

genes. 

Some of the PKC isoemymes are directly activatecl by phorbol esters and tumm 

promoting factors. This suggests a predorninanS role for PKC in proliferation, however, 

the mdy of miitant ceii lines, and œli lines overeqressing PKC, have s h o w  t is not 

consistently oncogenic (Borner et al., 1991). Despite this finding, PKC is a key 

component in pathways leading to the reguiation and expression of oncogenes. Although 

p34~ /Cyc l in  B kinase is postulated to be the primary natotic lamin kinase, PKC may 

play a similar role, as one of the mnmmalinn isoe~lzymes, PKCj3fi has ken shown to 

locaüze to the nucleus in human leukemic c e h  @ocevar et al., 1993; Goss et al., I 994). 

In maay different tissues and ceil types, d e r  classical PKC isoeaymes have also been 



shown to localize to the nuclear mvelape, or nucleoplasn (Olson et al., 1993; Dekker and 

Parker, 1994; Buchner, 1 995). 

A pative substrate is Lamin BL an htenmdki-e filament found in the nuclear 

Lamina, which contains a PKC phospho~~lation site in the C-temhus (Hocevar et ai., 

1993; Goss et al., 1994). Phosphorylaîion alters it's solubiiity, and occurs in association 

whh miclear envelope breakdown (Hocevar et ai., 1993; Goss a al., 1994). Experiments 

have shown that Lamin B may also associate with sites of DNA replication, miring S 

phase, and it's regulation may be important for the oqanïmion of chromatin (Buchner, 

1995). Lamin, encoded by the D. m e 2 m o g ~  gene &in, is fouad within the nuclear 

laniina (Viizter et al., 1992). This protein is puhtively iuvolved in nuclear envelope 

reassembly, and it would be interesting to postdate phospho~regulation by PKC (UIizter et 

a l ,  1992). 

The myristoylated alanine-rich C kinase substrate (MARCKS) famiy of proteins 

are another group of PKC substrates (Blackshear, 1993). lhese proteins are myristoylated 

at the N-terminus, which is thought to confer higher affinity for membrane association 

(Blackshear, 1993; ~wierczynski and BInckshear, 1996). They also have a positively 

chargea phosphoxylatim site &main (PSD), whibh* has a PKC phosphorylation site. 

MARCKS can bind actin, and calmodulin (0, in a ~a2+-de~endent manna 

(Swierczynski and Blackshear, 1996). Studies have show that PKC phospho~~Mon 

resuits in memhxane dissociation, and decreased affinity for CaM-binding (Swierczynski 

and Blackshear, 1996). MARCKS bind fiiarnentous actin in a crosslinking mamer, 

causing rearrangements in the cytoskeletal network, and could play an imposant role in 

neuronal development (Seki et al., 1995). Mutants in mice have shown that MARCKS, 

which tend to be ubi~tously expressed, play a role in CNS development, and posmatal 

viability (Seki et al., 1995). Perhaps through Ca2+-dependent mechanisms, PKC and 



CaM regulate the ability of MARCKS to interact with actin, altering Tates of polymerization 

and stability in developing neurons, and axonai outgo*. 

Another potenfial PKC substrate is the microtubule-binding protein, dynamin, 

which has inirinsic GTPase activity (Sudhof, 1995). This protein plays an important roie 

in synaptic vesicle recycling, possibly in conjMction with synaptotagmin, chthrin, AP2, 

and AP1880 (Camiüi and Takei, 1996). Dynamin fomis a ring at the neck of clathrin- 

coated vesicles, and causes vesicle fission upon GTP-hydrolysis (Camilli and Takei, 

1996). However, An-hydrolysis is also required for fission, and dypamin could be 

interacting with, or signahg other proteins, through a GTP-dependent mechanism (Camilli 

and Takei, 1996). The ability of dynamin to bind and fonn rings is GTP-independent, as 

seen by the formation of rings, in vitro , around microtubules (Camilli and Takei, 1996). 

Dynamins have a Pro-rich region 'in their C-terminus, which has been shown to associate 

with proteins that contain SH3 domains, such as GrbZ, p85, and PLCy (Camilli and Takei, 

1996). This region is dephosphorylated in a &+dependent manner, upon nerve 

stinnùation and d e p o ~ t i o n ,  resulting in decreased GTPase activity (Sudhof, 1995). 

PKC has been shown to phospholylate the dynarnin protein encoded by the D. 

ntelculogastet. homologue, Shibire, which was first isolatmi as a pafafytic mutant with 

d i q t e d  endocytosis of synaptic vesicies (Kim and Wu, 1987; Robinson et al., 1993). 

PKC phosphorylation r d t e d  in increased GTPase activity, suggestiag tbat phospho- 

regdation of dynamin by PKC could be important for synaptic vesicle &sion (Robinson er 

al., 1993). 

PKC isoenymes have been shown to interact with a plethora of neuronal proteins 

such as the growth associated protein GAP43 panaka and NiShinika, 1994). GAP43 is 

phospharylatedby PKC in a number of processes, such as exocytosis, axogenesis (in the 

disial axons and growth cones of growing nemns) and long tam potestiation (LTP; 

Tanaka and NiShinika, 1994). The GAP43 homologue in D. melanoga~ter is encoded by 



the Igloo gene (Neel and Young, 1994). Muîanis of this gene had reduced nemite 

outgrowth. CharacteMon of the protein showed association with CaM, and 

phospharylation by PKC (Neel and Young, 1994). Igloo is expressed in the nervous 

tissue of developing embryos, after 12 hours, and throughout larvd, pupal and adult 

stages, aside from reduced expression during the 3rd h a 1  instar stage (Neel and Young, 

1994). Neuroblast differentiation, and initial neurite outgrowth start in embryos d e r  6 

hours, and gene products essential for this process would be expressed at, or prior to, this 

t h e  (Ashbunier, 1989A). The pattern of Igloo expression suggests it plays an important 

roie in later stages of axonal outgrowîh, in growing neurons meel and Young, 1994). 

~ h ~ ~ p h o ~ l a t e d  fomis of GAP43 are found ody a k  axogenesis has begun, suggesting 

phospbregulation aliows for the carrect esiablishment of synaptic connections, but not 

for initial stages of g r o h  (Mieri et al., 1991; He et al., 1997; Tanaka and Nishinika, 

1994). 

Several D. mehogaster mutants have shown reduced PKC activity ui association 

with the development, or fhction and maintenance of navous tissues. One example is 

turnip, a mutant isolaîed based on poor learning performance (Choi et al., 199 1). Although 

this IiaJtant had defitient PKC activity, the gene was cytogenetidy mapped to a location 

diEerent from any hown P k  genes (Choi et al ,  199 1). The protein encoded by non@ , 

belongs to the Rho subfamïly of GTP-binding proteins, and is involved in the reguiation of 

CytoskeIetal elements (Flybase, 1997). Rho proteins have been show to regulate 

polymerized actin, an iniportant camponent of growth cones (Hall, 1992; Hall, 1993). In 

S.cereviSiae, Pkcl is activated by a Rh01 GTPase, and a s i m i .  pathway could exist in D. 

mebwgaster (Kamada et el., 19%). 

A D. n t e l c m O w  PKC mutant was created though the use of an inhiiitoi 

peptide, show in Figure 1.3 (Broughton et al., 1996; Kane et al., 1997). UAS-PKC 

&'bitor P~elanent transgenic flies were made by miminjectiag a pUAST-UIaC vectm 



Figure 1.3: Amino acid sequence of the D. meZmroga~ter inhiiitor peptide. This peptide 

was used as an inhiiitor of PKC in m g e n i c  D. meZmog4~ter. Also show is an amino 

acid sequence compmison between the D. mehoguster putative isoenzymes (Broughton et 

a l ,  1996). 



D. melanogaster inhibitor peptide amino acid comparison 



constnict, with &C sequence encoding die pseudosubstrate domain (Broughton et al., 

1996). Balancer d e n  were used to mate a homozygous stock, which was then 

crossed with a homozygous hspGAU stock (Broughton et aL, 1996). This resuited in a 

stock which was heterozygous for the UAS-PKC inhiiitor, and hspGALA (Broughton et 

al, 1996). When these fies were heated to 370C, GALA was produced and bound to 

UAS, stimulahg production of the PPRC inhiiitor (Broughton et al., 1996). The 

phenotypic effects of PKC inhibition was examined in both developing neuroblasts 

dissected fiom embryos, and leamùig in adula (Broughton et al., 1996; Kane et al., 

1997). The amino acid sequence of the inhitor peptide was daived from h C  and is 

shown in Figure 1.3, with an arnino acid secpence comparison of the other two D. 

meIumga~rer isoenzymes (Broughton et al., 1996). in& has a very specinc temporal and 

spatial pattern of expression, and it is likeIy PKC53E and PKC98E were king inhriited in 

fies expressing the inhiiitor peptide (Schaeffer et al., 1989). PKC inhicbition was found to 

prwent neurobast differentiation, and neunte outgrowth on dissecteci neuroblasts in vitro 

(Broughton et al., 1996). In addt f i e s  PKC idiiition r d t e d  in the dissociation of 

leaming and memory nom p e r f i c e  of a task (Kane et al., 1997). This was tested in 

adult flies by studying courtship perfamuince, where the mated f e d e  was the key initiator 

of several parailel pathway s (Kane et al., 1997). 

1.4 Pkcl in S.cerevLriae 

P M  was first cloned in ScerevMiz h u g h  the use of probes derived fiom nit 

cDN& for PKCy and PKCf3I (Levin et al., 1990). A 2.3kb probe, made madeom one of the 

positive clones h m  the Scerevc'sz'ae genolmc 'brary, was hybridized with poly(~)+ 

mRNA and a singie band of 4kb was vismked (&min et al., 1990). The putative ORF 

spans 3453bp, and encodes a polypeptide of 1151 amino acids, with a molecular weight of 

131.5kDa &evh et al., 1990). Pkcl is homologous ta the classical PKC isoenymes, 



with the exception of an exiended N-terminus (Levin et al., 1990). P M  mutants were 

phenotypically lethal and amsted in ceU cycle aRer DNA replication with small buds (Levin 

et a l ,  1990). Later studies revealed this phenotype was due to altered cell waU i n t e e ,  

reguiated by a RhoI-mediated MAP kinase pathway (Kamada et al., 1996). This pathway, 

shown schematidy in Figure 1.4, transcriptionally regdates FksZ, which encodes a 

component of the 13-&glucm synthase (GS) complex @Cam& et a l ,  1996). The GS 

complex produces polymers required for proper formation of the ceil wall, and mutants of 

various components of the pathway result in cell lysis, which is enhRnced by stresses such 

as hïgher temperatures (Kamida a al., 1996). The Scerevisiae Rhd  gene encodes a 

homologue of the mnmmrilian RhoA protein, and has been hplicated as the key activator of 

Pkcl (Kamada et al., 1996). RhoI plays a dual role, and also directly regulates the GS 

complex independently of the Pkcl pathway (Kamada et al,  1996). 

1.5 D. melanogmter and CeIl Death 

D. mehogaster have several stages of developrnent, and each stage has a unique 

pattern of gene expression (Andres and Thlrmmel, 1992). Figure 1.5 shows a schematic of 

the Me cycle. A fertilized female Iays a diphid zygote, ttiat quicky develops into an 

embryo (Ashburner, 1989A). The embryo deveIops into a 1st b a l  instar, which hatches 

nom the eggshell after a day (Ashburner, 1989A). There are three b a l  instar stages, and 

the first two stages each take a &y, while the third stage takes aboirt 3 days (Ashbmer, 

1989A). After the third b a l  stage, the organism undergoes ~ u p ~ a t i o n  for about 4 days, 

and ecloses as an addt fly (Andres and Thiimmel, 1992). Throughout these stages, 

progirinimed oeil death plays an important developmenntal role (McCall and Steller, 1997). 

For example, diiring embryogenesis, n d  ceiis undergo programmed cell death, a 

process shown to involve gene products fkom the genes head Urvohrtion d e f i e  (hid ), 

and taper (rpr, Stem and Greîher, 1994; M e r  et al., 1995; White et al., 1996; 



Figure 1.4: The pathway leading to Pkcl activation in S.cerevr'sl'ae. Pkcl is involved in 

regulating cell wall integrity, and one of the key activators of this pathway is a Rh01 

GTPase. Rh01 interam with Pkcl in a GTP-dependent manner, allowing Pkc 1 to in- 

with PS as a cofkctor for activation. Pkcl is translocated to the membrane, where it then 

activaies a MAP kinase cascade; Bckl (MEKK), Mkklî2 (MEKs), and Mpkl (MAPK). 

This results in altered levels of FR92 gene expression, which encodes a key component of 

the Glucan synthase complex. This complex produces polymers of l,3+glucan in the cell 

wali, which is important for makenatlce of ceil wali integrity. Rh01 mn also intadct with 

the complex directiy, and may have several roles in regulating the pathway (Kamada et al., 

1 996). 



Cell wall 

nucleus c 



Figure 1.5: A s c h d c  of the lïfk cycle of D. melanogaster. The embryos take 

approximately -21 hours to hatch at 250C. There are three larval stages; 1st instars, 2nd 

instars, and 3rd instars. The first two instar stages take about a &y each, and the third 

instar stage takes about 3 days. During pupxiation, the h a  undergoes metamorphosis, 

when many amilt tissues are formed h m  the imagirial discs. The pupal stage usually la.= 

about four days, after which the addt fiy ecloses from the pupal casing. The overall cycle 

takes approximately 9 days at 250C for wild type fies (Ashbumer, 1989A; Griffith et al., 

1996). 





McCaU and Steller, 1997). Throughout the 

moulting, which are signaled through the 

Iarval stages, there are conthued periods of 

homione ecdysone (Andres aud Thiimmei, 

1992). Several pulses of ecdysone signal massive programmed cell d e -  during 

pupariation, causing the organisn to undergo a dramatic change during metamarphosis 

(Andres and ThmmeIy 1992; StelIer and Grether, 1994; McCall and Stelk, 1997). 

Mimy iarval tissues undergo massive p r w  cell death, or histoylsis. Some tissues 

r e d  untii late pupal stages, and the adult structures fomi largeIy fkom the imaginal discs 

(Anclres and Th-ly 1992; Steller aad Grether, 1994; M a  and Steller, 1997). 

Ecdysone stimuiates the expression of genes, as shown by the formation of chromosome 

puffâ, involved in metamorphosis and in the development of amilt structures (Andres and 

Thllmmel, 1992). The saliva~y glands contain polytene chromosomes in their nuclei, 

which will pufT at loci mdergoing transcriptional activity (Andres and Thrrmme1, 1992). 

Some of the loci of these pufEs have been analysed to uncover genes which are actively 

m e d  on dining ecdysone stimulation (Andres and Thummei, 1992). Many of these genes 

encode strucîural pupal proteins, transcription fhctors, steroid hormone receptors, and d e r  

putative signaling proteins (Anches and T h m e i ,  1992). There are still some genes which 

have yet to be uncovered, and many that remain to be characterized  der and Grether, 

1994). 

The massive programmed ceil death, or histolysis of b a l  tissues in D. 

melamgmer, is an interesting system to study ceil death genes. Mammalian programmed 

ce11 death pathways are dBirent in the signais they receive, and the tissues that are 

programmed to die. However, there may stül be some conserved fbnctional homology 

with components of the pathway in D. meCmtoga;rter. The D. mebwg- gene, m p r  

(rpr ), encodes a protein homologous to mramnnh'an proteins with a death domain, and is 

expressed in all celis programmed for death (Pronk et d, 1996; White et al., 1996; McCall 

and SteIler, 1997). hui and grini are also involved in D. llcelanog- ceii de& 



pathway(s), although no rmmmbn homologues are currently hown, and the pirtatve 

ORFs ermcie proteins with a simüar sequence in the N-terminus to rpr (Grether et al., 

1995; Chen et al., 1996; McCaIl and Stekr, 1997). This d d  be a novel region that is 

important for signaling in the ceIl death pathway(s) (Greîher et al., 1995; Chen et al., 

1996; M d M  and Steller, 1997). A large number of cells die during metamorphosis. 

However, cell &a@ pathway(s) have not been exîeL1sively studied during this stage. 

Preliminary d e s  show that ?pr and hid are reqyired as essential components of the c d  

death pathway in tissue histolysis during pupariation (ThlllllmeI, pers. comm. 1997). The 

Bd-Complex  mutant, bpr-5, displays a phenotype where &vaxy glands fiil to 

histoiyze (Thiunmei, pers. comm. 1997). Analyses of these salivary glands showed 

reduced expression of ?pr and hid, suggesting the same tell death pathway(s) observed 

diiring embryogenesis also occurs diiring histolysis of salivary glands (Thulllrnel, pers. 

comm. 1997). 

Mammalian PKCG has been demonstcated to play a role in the apoptosis of B 

lymphocytes. It contains an interleukin-1 Wnvathg  enzyme (ICE) protease cleavage 

sitey and cleavage results in the release of a catalytically active PKM n.dgment. Cell death is 

visualized four hom after cleavage (Emoto et a l ,  1995). Although this may simply be a 

consequence of cell death, this does provide evidence for the involvement of PKC 

isoenzymes. 

Lamins have been shown to be targeted for proteolytic cleavage by ICE-like 

proteases during apoptosis (Buchner, 1995). Mammalian Lamins are typically found in 

association with the cytoskeletai network, and L a d  BI is found at the nuclear envelope 

(Buchner, 1995). Revious studies suggested that mnmmriian Lamin BI is phosphorylated 

by PKC, and is associated with nuclear envelope breakdown (Fields et al., 1988; Hocevar 

et al., 1993). Lamins are conserved in lower edmyotes, and several homoIogues have . 



been identified in D. melanogaster (viiîzer et al., 1992). One, encoded by the Lmn gene, 

is found at the nuclear envelope, and has PKC phosphorylation sites Wtzer et al., 1992). 

1.6 Pkc genes in D. melunogaster 

Three Pkc genes have been isolated in D. mlmzogaster ; imC, Pkc53E, and 

PW8E. PPkc53E, mmed according to its cyîogenetic location on the 2nd chromosome, 

was first identified using a bovine probe to P k a  with a D. melanogaster cDNA hirary 

(Rosenthal et al., 1987). The original published cDNA sequence is 3.2kb, and was 

derived fkom two overlapping clones (Rosenthd et al., 1987). The putative ORF encodes a 

protein of approximateiy 75kDa, with highest s&ik i ty  to the xmmxdian PKCa 

isoenyme @osenthal et al., 1987). inaC was identifiai using bovine probes to Pkca, 

and P M  and was originaily named eye-Pkc according to the pattern of RNA localization 

by sim hybndizaîions (Schaeffer et al., 1989). The cwent name is derived fkom the 

mutant phenotype observed (Smith et al., 199 1). Cyiogenetically, in& maps to a locus 

withui 25kb of Ph53E, and it is likely that one of the genes arose fiom a duplication event 

(Smith et aL, 1991). The putative ORF encodes a protein of approxhateLy 80kDa, which 

is homologous to the mammaiian classical PKC is~e~lzymes (~chaeffer et al., 1 989; Smith 

et al., 199 1). Pk98E, named according to its cytogenetic location, was also discovered by 

the sarne screen used for ùlaC (Schaeffer et al., 1989). n e  putative ORF encodes a 

protein of 7lkDa with closest similarity to the nwmmalian PKCE isoenyme (Schaeffer a 

al., 1989). 

UiaC expresses one major transcn:pt of 2.4kb, as shown in Table 1.1 (Schaeffer a 

al., 1989). It was found to be expressed specincally in adult photoreceptor cells, through 

in sidr hybndizations of qostat  sections (Schaeffer et al., 1989). Smith et aL (1 99 l), 

created a mutation in the gene using EMS mutagenesis, and found the inaC isoenzyme was 

essential for Light adaptation. Its actMty was respomible for light-sensitive rethal 



Table 1.1: Transcript sizes and temporal patterns of Pkc expression in D. 

mehogmter. 



cene Transcript size Localization 

in& 

Pkc98E 

addt photoreceptors 

embryos, lawae, 

PuPa= 

addt heads 

larvae, pupae, addt 

ovanes, adult testes, 

adult heads 

larvae 

pupae, adult heads 



degeaeration in r& degener&on B (rd@ ) mutants. Several dher mutants were 

discovered with similar phenotypes, and these gaies were found to e n d e  essemial 

components of a heterotrimeric G protein-rnediated pathway (Smith m al ,  199 1 ; Hardie et 

al., 1993). The schematic is showa in Figure 1.6, and involves several proteins which are 

highly conserved in mnmmaiian heteroîrheric G protein-mediated signal transduction 

pathways (Smith et al., 199 1; Clapham, 1996; Zuker, 1996). 

Rhodopsin acts as the receptor for the pathway, which is activatecl by photons of 

light (Smith et al., 199 1; Clapham, 1996; Zuker, 1996). Rhodopsin is associated with a 

heterotrixneric G protein, and in the absence of signal, Ga is coupled to GDP (Smith a al., 

1991; Clapham, 1996; Zuker, 1996). In the presence of signal, rhodopsin is ahaed to 

rnetarhodopsin, which s h d a t e s  G a  to exchange GDP for GTP, and to dissociate nom 

the py subunits (Smith et al., 199 1; Clapham, 1996; Zuker, 1996). This activaies n o m ,  

the downsûeam efféctm (Smith et al., 1991; Clapham, 1996; Zuker, 1996). norpA is 

homologous to the mimmaiian PLCP enzyme, and hydrolyzes PIP2 to produce the 

products DAG and IP3 (Smith et al., 1991; Clapham, 1996; Zuker, 1996). IP3 stimulates 

the release of ~ a 2 +  from i n t a  stores, via the activation of IP3 receptors in the 

membranes of these stores (Smith et al., 199 1; Clapham, 1996; Zuker, 1996). This initial 

increase in ~ a 2 +  is coupled to a second influx of ~ a 2 +  ions, through stomoperated 

channels (SOCS) in the plasria membrane (Clapham, 1996; Zuker, 1996). One of the 

channels identifïed in this pathway is encoded by the ap gene, which putatively senses, 

and is activated by, the depletion of ca2+ ions fkom interna1 stores (Clapham, 1996; 

Zuker, 1996). 'Ihere is much debate conceming the mecMsm by which SOCS sense the 

depletion of ~ a 2 +  ions fiom intenial m e s  (Clapharn, 19%; Zuker, 1996). The bct ion 

of the protein encoded by the Q gene, was Hiitally identifïed by its nnrtant phenotype, 

which resembled that of mutant W C  and novA phenotypes (Hardie et al., 1993). inaC is 

activated in a m a ~ a  similar to the classical PKC isoenymes, in the presence of ~a2+,  



Figure 1.6: inaC activation in the rhabdomeres of phatoreceptor ceb  in adult D. 

melanogmtw. Light activates rhodopsin (Rh) to metarhodopsin, and stinnilates G a  to 

exchange GDP for GTP, and to &ssociate fiom GPy. Ga-GTP activates norpA (PLCP), 

and produces IP3. ~a2%ons are released fiom intenial stores, through IP3 R activation. 

C& binds to inaC, causing translocation to the plasna membrane where it interacts with 

DAG, and is activatecl. inaD is a putative inaC substrate, and is shown associated with 

activated inaC. When internai ~ a 2 +  stores are depleted, trp, a ~ a 2 +  chamel in the plasma 

membrane, results in an inaux of ~ a 2 +  nom the extracelIular space. DAG is converted 

back to PA by rdgA @AG kinase), and is subsequently recycled by a series of rdg 

enzymes to restore PIP2 lweis (Clapham, 1996; Huber et al., 1996& Huber et al., 

1996B; Zuker, 1996). 



Light 
extracellular 



DAG and phosphatidylserine, whereupon it translocates to the membrane (Schaeffer et al., 

1989; Smith et al., 1991; Chpham, 1996; Zuker, 1996). A putative submte for inaC 

was identified as inaD, based on the maD mutant phenotype and on the presence of PKC 

phosphorylation sites wuber et al., 1996A; Huber et al., 1996B; Shieh and Zhy 1996). 

~ o p r e c i p i t a t i o n  studies suggest maD forms a cornplex with norpA, bac, and trp, in 

the presence of cofactors of inaC activation puber et al., 1996A; Huber et al., 1996B; 

Shieh and Zhu, 1996). In the absence of these cofiictors, inaC does not associate with the 

complex, and remains in the soluble fraction (Huber et al., 1996A; Huber et al., 1996B; 

Shieh and Zhu, 1996). It has been suggested that upon inaC activation, inaD is 

phosphorylated and signals trp to open its ~ a 2 +  channel (Huber et al., 1996A; Huber et 

al., 1996B; Shieh and Zhu, 1996). mer mutants, such as rdgB have been i d d e d  

based on the requirement for active inaC to elicit the mutant phenotype (Smith m al., 199 1). 

Some of these genes are now h m  to encode e-es imrolved in phospholipid turnover 

(Clapham, 1996; Zuker, 1996). Pm comprises a low proportion of the phospholipids 51 

the plasma membrane, and midence suggests îhat a localized PIP2 population is 

specincally produced when PKC signalhg pathways are stimulateci (Clapham, 1996; 

Zuker, 1996). This is most likely bctionally conserved in mnmmaiian PKC pathways, 

and provides an example of the benefit of studying a edmyote whose genetics are well 

understood. 

Liale is known about PKc98E, as the gene has not ben chanicterized beyond the 

level of the RNA, and mutants have not been discovered. A transcript of 5.5kb is found 

throughout development, however, two tmxripts of 4.3 and 4.5kb are more abundant 

during earlier stages (Table 1.1). Pl siru hybridizâtions to cryostat sectiom of aduit heads, 

show transcripts are fomd predominmtly in adult heads, in panicuIar in the cell bodies of 

the CNS. The putative protein encaded by this gene is homologous to the mammrriirrn 
- 

PKCE isoenyme, and is Ca2+-independent (Schaeffer et al., 1989). 



PkcS3E has been studied extensively at the lwel of RNA, and at the level of 

protein. There are s e v d  devebpmental and tissuespecific transcripts (Table 1.1). 

IniWy, Northem blot analyses identified the presence of 4.3,4.0 and 2.4kb transcripts in 

adula, and none in 0-3 hour embryos (Rosenthal et al., 1987). Fiirther Nortbern blot 

analyses demonstrated the presence of mscrïpts predominantly in adult heads, and Di situ 

hybridhtions to ayostat sectioned adult heads showed a ubiquitous pattern of expression 

(Schaeffer et al., 1989). RNA was found localized in most tissues of the head, including 

the CNS, and photoreceptors (Schaeffer et al., 1989). Further Northem analyses identified 

the presence of a 2.4kb transcript in ad& gonads, as well as the 4.3, 4.0, and 2.4kb 

transcripts f m d  in adult heads (Natesan, 1991). The 4.3, 4.0 and 2.4kb îranscripts were 

found throughout pupal stages, however, th& proportions varied significantly (Natesan, 

1991). Transcripts of 3.4, 3.0 and 2.4kb were also identifid in aü three mal stages 

(Natesan, 1991). Although transcript was not wident in embryos of varying stages, 

transcript abundance increased foiiowing 12-O-tetradecanoylpborboi-13-acetate P A )  

treatrnents. Pl situ hybndizations were perfonned on stage 12 embxyos, and expression 

was seen in develaping neural tissues, possibly in the CNS and PNS (Hughes, 1993). in 

sibc hybndizations were also perfomred in developing oogo&a, and transcripts were 

found, startirtg around stage 8-9, in the nudei of nurse cells, and follicle ce& (Hughes, 

1993). Later stages show evidence of m c r i p t  king deposited into the maîuring oocyte, 

ftom the nurse ceus, and altexme probes suggest altexmie transcripts are being produced 

(Hughes, 1993). Tmscript was also visualized in testesy in the apical ends of sperm, as 

well as in the sheath, and in sperm bundles @@es, 1993). Cryostat sections of ad& 

showed staining in the CNS regions within the adult heads. Some staining was ais0 

in the thorax, most Ucely in CNS regions, and possibly associated PNS regions 

(Hughes, 1993). 



Further RNA analyses, such as RNAse protection assays, RT-PCR, 3'RACE, and 

S'RACE, were perfomed on transcripts from the adult heads and gonads (Nutter, pers. 

comm). Using either prirners to the polyA tail, or by selecting poly(~)+ RNA, it became 

evident the rnscript in testes was not polyadenylated With total RNA extracted fiom 

testes, gene-specïfic primers intenial to the polyA tail are able to ampl@ Pkc53E -specific 

trartscripts. The 2.4kb mscript in ovaries is abundant. However, after selecting poly(~)' 

RNA, or amplifying using a primer to the polyA tail, it seems a proportion of this message 

is also not polyadenylated. The 4.3kb and 4.0kb transcripts do not seem to vary 

signincantly in th& proportion of polyadenylated RNA. RNAse protection assays iwly  

the presence of aitemate messages, with variation occuxrïng primarily in the portion of 

transcxïpt encoding the N-terminus. 5' RACE analyses revealed altanative splicing in the 

5' unmslated region. The 4.3 and 4.0kb transcripts appear to have intron 1 spliced into 

the message, which increases their length by 600bp nom the cloned 3.2kb cDNA 

(Rosenthal et al., 1987). The difference between the 4.3 and 4.0kb tmnscripts could be 

due to the use of an alternative +l site, as with the two h a 1  mscripts of 3.4 and 3.0kb. 

The 2.4kb transcripts do not contain intron 1, and experiments have not yet detemined 

whether any exons are spliced out. The cloned cDNA is 32kb; however, aside from 

larvae, transcripts close to this size are not visualized by Noahem blot analyses. This 

clone was denved from two overIapping partial positive cDNA clones, and each was most 

Urely de- fkom different transcripts (Rosenthal et al., 19 87; Nutîer, pers. comm.). 

The putative Pk53.E ORF is 75kDa, and encades a C& and phospholipid- 

dependent protein (Rosenthd et al., 1987). During the research leading to this thesis, 

polyclonal antibodies were made to a small portion of the N-t- of PKC53E. The 

amigen is shown in Figure 1.7, with an amino acid seQuence cornparison between the D. 

melanogarte~ putative PKC isoenzymes. These ant'bodies were used to andyze p a m  

of PKC53E protein expression in D. melmogaster, as outiïned in the objectives. 



Figure 1.7: Amino acid sequence of the antigen. Also shown is a cornparison of this 

region between the D. melmtogaster PKC isoenzymes (Schaeffer et al., 1989). 



D. melanogaster antigen PKC amino acid cornparison 

TJnderline=pseudosubs trate d a i n  



1.7 Objectives 

One of the goals of this project was to generate antibodies to PKC53E. These 

antiodies needed to be unique, to avoid cross reactivity with the other D. melm~astey 

PKC isoenzymes. They also needed to be able to detect PKC53E by Western analyses, 

and immunohÏstochemical analyses. The second goal of this project was to use the 

a n t i i e s  to detemine patterns of PKC53E protein expression. This was to be 

accomplished by Westem analyses on extram obtained from various adult tissues, and on 

extracts obtained nom fies of various developmental stages. Anotber method of 

determining protein expression was to perfomi immrinohistochemical studies on various 

adult tissues, and fies fiom various dwelopmental stages. Disceming temporal and spatial 

patterns of PKC53E protein expression will lead to a better understanding of its possible 

function in the overail organism. 



Chapter 2 

Materials and Methods 

2.1 Materials 

2.1.1 Chemical and Reagent Suppliers 

AU chemicais, reagents and supplies were obtained fiom GibcoBRL, Phanizacia, 

Boehringer Mannheim, VWR, Fisher, Qiagen, and Amershm Some reagents and 

supplies were obtained fiom various individu&; Dr. S.L. Wong, Department of Biology, 

The University of C a l g v ,  Dr. M. Lohka, Department of Biology, The Universiity of 

Calgary, Dr. M. Maloney, Departient of Biology, The University of Calgary, Dr. D. 

Storey, Department of Biology, The University of Calgary, Vanessa Auld, Department of 

Biology, The University of British Columbia, Dr. M. Walsh, Departmient of Medical 

Biochemistry, The University of Calgary, and Dr. S. Lees-mer, Depariment of Biology, 

'Ibe University of Calgary. The vedor used for cloning, pGEX-4T1, was generously 

provided by Dr. S.L. Wong. AU enymes,  and buBers used for cloning were fkom 

GiicoBRL. The primers used for PCR amplification were purchased from Dr. M. 

Maloney's lab, and the primers used for sequencing were purchased fiom the UniversiSr 

Core DNA Senrices (University of Calgary). Qiagen columns were used for preparing 

sequencing-grade DNA (Qiagen). The T7 Secpencing kit fiom Phamiacia was used for 

preparing sequencing reactions, and radioactive isotopes were obtained nom Amersham. 

Isopropy1-~D-thiogalactosi& @TG) for protein induction was purchased nom 

GibcoBRL, and anti-GST anaibodies were generously provided by Dr. D. Storey. A 2ml; 

colmm was bmowed fiom Dr. S. Lees-Miller, and the glutathioneaupled Sepharose 4B 

sluny was purchased h m  Pharmacia. Reduced glutathione was purcifiased f b m  

GiicoBRL. Coomassie Brilliant Blue R-250, nitrocellulose and phenyhethyl-sulfonyl 



fluoride (PMSF) were purchased Born OibcoBRL. The rabbits used to raise polyclonal 

anbMes were purchased and cared for through the University of Calgary, Ammal Care 

Senrices @irectm Dr. D. Morck). AU blood samples were taken by, and al l  injections 

were caxried out by the Anirnal Care Senrices. Anti-rabbit alkaijne phosphatase (AP) 

anticbodies were purchased fkom GibcoBRL. Thrombin and Ponceau S stain (Sigma) were 

kindiy provided by ?k. M. Lohka. Protein A-coupied agarose (Sigma) was also kindly 

provided by Dr. U Lohka The PKC assay kit, general anti-PKC antibodies, and 

substrate peptide were purchased fiom GibcoBRL. PhosphoceIiulose units were 

purchased fkom Pierce. bPKCapy was kiudy provided by Dr. M. Walsh. Anti-rabbit 

fluorescein isothiocyanate (FïïC) mniodies, anti-rabbit biotin-conjugated antiiodies, 

streptavidin-Texas red, and Fluorescent Mounting Media were pwchased fkom GibcoBRL. 

Goat senun and anti-mouse Texas red antibodies (Jackson Lab.) were kindly provided by 

Dr. M. Lohka. A monoclonal mouse a n t i i y  was kindly given by Vanessa Auld, as a 

positive conaol for stainÜig embryos. Compounds used for preparing cryostat sections of 

D. meZiznogaster tissues were purchased from VWR. AU microscope slides used for 

whole mounts, and cryostat sections were fkom Fisher. 

2.2 Methods 

2.2.1 Molecular Biology Techniques 

2.2.1.1 Absorbence Readings 

A &clmian DU-640 spectrophotometer was used for DNA and protein 

quantitation. DNA cpntitaîion using UV light (260/280nm) was foliowed as otrtIined 

(Gallagher, 1994). BioRad Rotein Assays for protein quantitation were p e r f m d  as 

outliaed by the manufactura, ususing visible light (595nrn), and plotting a standard curve 

with l@mL bovine s a u m  albumin @SA). 



2.2.1.2 PbenoYChloroform Extractions 

This method was used to enhance the cpMy  of DNA used in squencing and 

ligaîion reactions. An equal volume of buffer-saturated phenol was added IO the microfige 

tubes, vortexed, and centrifuged at 12,000xg for 5 minutes. The aqueous phase was 

removed, transferred to an& microfuge tube, and an equal amomt of chloroform was 

added Again, the mYdrrre was vortexed, and centnfuged at 12,OOOxg for 5 minutes and 

the aqueous phase was drawn off and kept. The DNA was then reprecipitated from 

solution. 

2.2.1.3 DNA Precipitations 

DNA was precipitated by adding 2.5 times the volume 95 or 100% ethanol viv, and 

0.1 times the volume 3M sodium acetate (or potassium acetate), pH 4.8-5.2. The 

microfiige tubes were placed at -20°C for at least haif an hoiir, then centrifuged at 12,OOOxg 

for 15 minutes at 4OC. The supernatant was removed, and pellets washed with -70% 

ethanol v/v. They were recentrifbged briefly for 2-5 minutes, then the b o l  was 

removed, and pellets allowed to air d q  for about 15 -30 minutes. The peilets were 

resuspended in appropriate amounts of TE (pH 7.5-8.0) or -20 (Phamiacia; Moore, 

2.2.1.4 Agarose Gel Electrophoresis 

Aliquots of lûuL fiom each PCR d o n  were electrophuresed in 2.0% agarose 

gels, and pGEX-4T1 digested with EcoRI a n d h  XhoI was electrophoresed in 1 .O% gels. 

These gels were made by dissolving the reqyired amount of agarose in 1 X TAE b-er in 

the microwave for 2-5 minutes, dependhg on the fiaal volurne used Agarose was 

dissolved in 50mL 1 X TAE for the P m c i a  Model GNA-100, and dissolved in 25ûmL 



for the Phamacia Models GNA-200. Once the agarose solution had cooled to 

approxhately 50°C, O S I L  lOmg/mL ethidiun bromide (GibcoBRL) was added regardless 

of volume. The solution was then mixeci, and poured into a taped tmy with the weU 

comb(s) in place. After gel polymexization, the comb(s) and tape were removed, and the 

tray was pIa.ced in a gel box fUed with 1 X TAE ensuring the wells were immersed. 

400mL 1 X TAE was required for the GNA-100 gel box, and 1-1 .5L 1 X TAE for the 

GNA-200. As per man&acturer9s instructions, the 123bp DNA ladder (GibcoBRL) was 

used as a mrker for the 2.0% gels, and the lkb DNA ladder (GibcoBRL) wwas used as a 

d e r  for the 1.0% gels. The markers were usually set up in a rnicrofuge tube, with H20 

to a nnal volume of 1 M ,  and loading dye added in a 1 (dye) : 5 (solution) ratio 

(Sambrook, 1989; GibcoBRL). DNA loading dye was also added to each sample, and a l i  

were loaded into a separate weU in the gel, and electrophmesed using a Péamiaca 

Electrophoresis Power Supply EPS 500/400. The weil sÏze varied from lûuL to 4ûuL, 

depending on the comb used. The gels were nia at 80V, for 1-4 hours, until the dye fronts 

indicated the gels had nin an appropriate amount of tirne. The gels were then exâmined 

under UV light, and a photoimage was taken if necessary (Voytas, 1988). 

DNA loading dye 

50 X TAE 

0.25% biomophenol blue w/v, 0.25% xylene cyan01 

FF w/v, 30% glycerol v/v. Store at 4% (Sambrook 

et al., 1989). 

For IL, 242g Tris base, 57. lmL glacial acetic acid, 

37.2g Na2EDTA-2H20 pH8.5 (Sambrook et al, 

1989). 



2,2.1.5 G e l  Purification 

Bands at 80bp were art out of the gel, and p e e d .  A 100ughL silica m&rk was 

used to bind DNA, and 6M guanidine was used as the binding solution. Binding soluîion 

was added to the gel slices in microfige tubes in a 3 : 1 (volume to weight) ratio and were 

melted at 50°C. 50uL silica was then added to each tube, and the soIutions were mixed for 

5 d u t e s  at RTemp. The tubes were cenaifuged briefly at 12,00Oxg, îhen washed with 

500uL cold wash buffer. The pellets were resuspended, recentrifuged, and the supernatant 

was removed This was repeated twice. A final cenmfbgation was perfonned aRer the last 

wash b e e r  had been removed. 25uL TE were added to each tube, and the silica pellets 

were resuspended and heated at 50°C to el- the DNA. The tubes were centrifirged, and 

the TE with eluted DNA was collected into new microfige tubes. SmaU aliquots were nin 

on agarose gels to check for quantity, and quatiîy of DNA (Boyle et al ,  1995). 

Gel purification wash buff' SOmMNaC1, lOmM Tns-HCl pH7.5,2.5mM EDTA 

pH8.0,50% ethaml v/v (Boyle et al., 1995). 

2.2.1.6 DNA Polymerase I 

As per manufactura's instructions, the amplifieci 80bp PKc53EVI PCR product 

was treated with DNA polymerase 1 to rnodify any T/A overhangs (GibcoBRC). The 

modined 80bp fizigment was then phenoYchloroform extracted and reprecipitated pria to 

performing RE digests. 

2.2.1.7 Restriction Enzyme Digests 

As p a  manufacturefs instmctions (GicoBRL), the modified 80bp PKc53EVI 

fkagment, and the pGM-4T1 vector were digested with restriction enzymes. The enzymes 

used were EcoRI, and WoI, and these were generaUy left overnight at 37°C to ensure 



complete endonuclease cleavage (GibcoBRL). The products were nin on agarose gels, and 

gel piirified prior to setting up the ligation reaction. 

2.2.1.8 Ligation Reactions 

As per manufacturer's instructions, the RE digested 80bp Pk53EVI fragment, 

and the RE digested pGm-4T1 vector were ligated with T4 DNA Iigase (GiicoBRL). The 

ligations were directional, and due to the small size of the insert, the ratios were altered 

accordingly. A ratio of 3 parts insert : 1 part vector was most successfbl; however, due to 

PCR amplification of the 80bp hgment, the concentration was much higher proportionally 

than the vector. The concentration of DNA is essentid in achieving a successfid ligation, 

and it varies depending on both the size and sequence of the vector and insert. Several 

Iigations of v m g  amouats of vector and insert were always set up simultaneously. A 

total reaction volume of lOuL was used, and the ligation reactions were incubateci at 

RTemp overnight The addition of IuL lOmM ATP per lûuL volume was found to 

enhance ligation efficiency. Ligation reactions were dilrrted five tirnes prior to 

transformation (GibcoBRL). 

2.2.1-9 Transformations 

Ligation reactions were tninsformed into E.c& DHlOB conipetent cells, made 

competent with CaQ. The procedure entailed adding five times diluted ligation reactions 

to a tube of tbawed cells (200uL), and letting t h e .  sit on ice for 30 minutes. After this 

the,  they wae heat shocked at 42OC for 90 seconds, then 800uL of SOC (GibcoBRt) or 

LB were added, and they were placed at 379C for at least 45 minutes. This is the minimiim 

length of time reqlled to achieve growth with ceUs able to confer ampicillin raistance. It 

is also advantageous to provide oxygen to the growing cultures by shaking; however, this 

is not necessary due to the short incubation time. The celis were then plated on D A m p  



plates and placed at 37OC for 12-16 hours. Varying volumes of cek  were used for plating. 

It was beneficial to plate 200uL on one plate, and the remaining 800uL on another 

(Seidman, 1994). 

LBAmp plates 

LB plates 

LB broth 

SOC medium 

For IL, log tryptone, 5g yeast extract, 5g NaCl, 15g 

select agar and 1mL IN NaOH. Mer aiuoclaving, 

the medium is cooled to 50% before adding 

ampicillui to a concentration of 100ug/mL, then 

poured into plates (Lech and Brenf 1987). 

For IL, log tryptone, 5g yeast extract, 5g NaCl, 15g 

select agar and 1mL IN W H .  After autoclaving, 

the medium cooled to 5O*C, and poured into plates. 

Store at 40C, for a few rnonths (Lech and Brent, 

1987). 

For IL, log ayptone, 5g yeast extract, and log 

NaCl and 1mL 1N NaOH. Make fkesh before use, 

or can store at 40C (GicbcoBRL). 

2% tryptone w/v, 0.5% yeast extract wh,  lOmM 

NaCl, 2.5mM KCI, lûmM MgC12, lOmM MgSOd 

2ûmM glucose (GicoBRL). 

2.2.1.10 Inoculating LB 

Current protocols emphasizes the use of aseptic techniques in inoculating cultures, 

and plating. AU cdtures were handled in the pre~extce of a fiame, and all  reagents were 

sterile prior to their addition. A flamed loop was typically used to inoculate LBAmp with 



colonies, or to make a streak plate. Vectm and constnicts were stored as fiozen stocks 

(Lech and Brent, 1987). 

Frozen Stock solution 

For IL, log tryptone, 5g yeast extract, and log 

NaCl and ImL 1N NaOH. After autoclaving, the 

medium is wofed at Ieast 500C, and ampicillin is 

added to a f i a i  concentration of 100ug/mC 

(Pharmscia). 

Dilute fksh overnight culture in 65% glycerol vhr, 

0.1M MgSOd 0.025M Tns-HCl pH8.0. Store at - 
70% Gech and Brent, 1987). 

2.2.1.11 Minipreps 

The procedure used to prepare plasmid DNA from 1 .Sr& sannated dture of ce& 

was followed as outliaed in the GST Gene Fusion System msnual Phmacia), with some 

modifications. After the first precipitation, the peileted DNA was resuspended in 20uL of 

TE, pH 7.5, and 4uL were used in a digest with 1 unit (U) of RE. RNAseI (Phaxmacia) 

was not added in the first solution, but luL of a lOmglmL stock was added to the lOuL 

restriction digest. In order to achieve cleaner DNA, the peilet was resuspended in 200uL of 

TE, and a series of phenol/chloroform extractions were perfomed- 0.1 times the volume 

3-5M sodium acetate @II 4-8-52), or potassium acetae, was used to precipitate the pellet 

with 2.5 tinaes the volume 95, or 100% ethanol vhr. This procedure can ah0 be upscaled 

to achieve higher amounts of DNA, by startïng with lOmL of cens, and increasing the totai 

volume of TE for resuspension. DNA was quantitateci by W spectmphotometry, and 

checked for quality on an agarose gel (PhamWa). 



Solution JI 

Solution UI 

l O O m M  Tris-HCI pH75, IOmM EDTA pH8.0, 

40- heat-wted RNAse Y .  Store at 4OC 

(Phda). 

0.2M NaOH, 1% SDS wh.. Make fkesh before use 

(Pha~njlcia)- 

For 100mL, 60ml, 5M Potassium Acetate, 1 1 SmL 

giacial acetic acid, 28 SmL. H20 (Pharmacia). 

2.2.1-12 Extraction o f  Genomic DNA 

Genomic DNA was obtained h m  adult D. meZanogustm OR flies and utilized as a 

template for the above PCR reaction. 50 adult E e s  were collecteci, 250uL of Buffer A 

were added, and the flies were homogenized using a sterile homogenizer. Another 250uL 

of B e e r  A were added, and the homogenate was încubated at 65OC for 30 minutes. 75uL 

of 8M potassium acehite were added, and the solution was mixe& chilied on ice for 20 

minutes and centrifigeci at RTemp for 5 minutes at 12,OOOxg. The supernatant was 

recovered, and recenmfbged. 2.5 times the volume of 95% ethanol v/v was added, kept at 

RTemp for 5 minutes, îhen centrifûged at 12,000xg for another five minutes. The pellet 

was washed with 70% -01, and resuspended in 325uL of TE overnight at 4OC. The 

eluted DNA was cenaifuged for 1 minute at 12,000xg at RTemp to remove any excess 

insoluble material. A series of phenol, pheno1/chloroforrn, and chlorofoxm extractions 

were perfonned, then 0.1 thes the volume 3M sodium acetate pH 5.2 and 2.5 times the 

volume 95% &and vh were added. After sitting at RTemp for 5 niinutes, the DNA was 

centrifûged at 12,OooXg for 5 minutes, washed with 70% ethan01 v/v, and resuspended in 

lOM of TE. 5uL aliquots were run on a 0.8% agarose gel to check for pur@ and yield 

(Nutter, pers. comm). 



For 10mL, 1mL 1M Tris-HCI pH7.6,2mL 05M 

EDTA pH8.0, I d  1M NaCl, 0.5mL 10% SDS whr 

(Nimer, pers. comm). 

1 OmM Tris-HCl pH7.5-8.0, ImM EDTA pH8.0 

(Sambrook et al., 1989). 

2.2.1.13 Primer Design 

b e r s  were designed using both the NEB d o g u e  (with 2 bases preceding an 

BORI site, and 4 bases preceding an WoI site) and the compter program Amplify 1.2 

(Engels, 1993). Test PCR reactions were nin using this program to check for possible 

primer dime& or other secon* structures which may impede amplification. The 

primers used for PCR aqMcation are shown in Figure 2.1, as well as the resulting 

amplined sequence- 

2.2.1.14 PCR 

An 80bp piece fiom P M 3 E  was ampaed by PCR, to f m e  cloning, and to 

ensure that only a region specific to PKC53E was used as an &tigen to raise polyclonal 

antibodies. The prima were designed through the use of the program Amplify 1.2, which 

checks for primer cornpatiiility, and given the tempterriplate sequence, whether a theoretical 

amplincation is possibIe (Engeis, 1993). The prirners are shown in Figure 2.1. They were 

designed to introduce an EcoIU and an XhoI cut site into the amplified piece of DNA for 

directional subcloning into pGEX-4T1, in firune. The PCR reactiom were set up with a 

total reaction volume of lOM per 0.5d microfige tube, and the protocol is 1isted below . 

Sevaal controk were mai, such as a &on without primers, anotha lacking Taq DNA 

polymerase (GhBRL), and a ttiird without tanplate. AU reactions were set up on ice, 



Figure 2.1: &ers used for PCR amplification, Additional bases were inserted as 

outlined by the NEB catalogue for RE digests, and genomic DNA extracted nom D. 

melanogaster was used as a template. Pk53E sequence is shown in bol& and the EcoRI 

and XhoI cirt sites are underlined. 



Bold=Pkc53E 

Underlinea=RE cut sites 

AMPLIFIED DNA SEQUENCE 

Bold=Pkc53E 

Underlinea=FiE cut si tes 



and the appropriate amount of 

manufacturer's instructions, just 

(GENE E) with a heated lid 

Taq DNA polymerase was added, according to the 

prior to perfonning PCR. A Techne Thexmal cycler 

was used for this procedure. The machine was 

preprogrammed with the desired cycles. The program used was 1. denaturation at 95'C 

for 5 minutes 2. 30 cycles of a) denatinaton at 9S°C for lminute b) annealkg at 65OC 

for 1 minute (Temperature wili Vary depending on GC-rich content For amplification of 

vectors, 55-6OoC is acceptable.) c) extension at 72OC for 1 e u t e  3. polishuig at 7Z°C 

for 10 minutes. The reacîions were applied to the machine after it had been heated to 9S°C, 

as a method of hot-starting the reactiom to prevent nonspecific hybridization of primers. 

lOuL of each reaaion were then loaded on a 2% agarose gel with the 123bp DNA ladder 

(GiiwBRL) as a d e r s  and electrophoresed (Carpenter, M.S., University of Calgasr, 

Cohen, 1995; GibcoBRL). 

PCR reactions lOûuL per tube (0.5mL microfuge tubes), lOuL 10 

X buffêr (G~~coBRL), lûuL 10 X dNïP (2mM each 

dNTP), 1-5 uL 50mM ~ ~ 2 +  (GibcoBRL) (note that 

1 -5-2uL gave the best amplification), 5uL each of 

pRmers 1 and 2 (each 2ûuM), SUL (template should 

be about lng, obtained fkom genomic DNA isolated 

nom aQlt OR flies), add a 2 0  to a volume of 

99uL, luL of diluted Taq DNA polymerase (lu) 

(GiicoBRL). 

2.2.1.15 Plasmid Construction 

Primers were designed which would q i i f y  DNA SeQuence encoding VI and the 

fkst part of Cl fiom PKC53E, while incorporating RE cut sites for âirectiody 



subcloning this piece in h e  in the pGEX-4Tl vector. Genomic DNA fkom D. 

m e l a n o g ~  was used as a tempIte, and an 80bp piece was amplified by the polymerase 

chah reactioxi (PCR). Protocols for genomic exüactions and PCR reactions were 

descriied in 2.2.1.12 and 2.2.1.14, respectively. This pi- was gel pirrified, and treated 

by DNA po1ynierase 1 (GibcoBRL) to remove any excess bases. Gel purification 

procedures and DNA modifications with DNA poIyrnerase 1 were desmiîbed in 2.2.1.5 and 

2.2.1.6, respectively. Mer phenoVchiorofm extractions, the 80bp hgment was cut 

with EcoRI (GibcoBRL), and WoI (GïbcoBRC). Phenovchlorofonn extractions and RE 

digests were descriied in 2.2.1.2 and 2.2.1 -7, respectively. The -grnent was subjected 

to another phaioi/chlorofom exiraion and reprecipitation. Liegaiion reactions were then 

set up with gel p d e d  pGEX-4T1, that had been previously cut with EcoRI and XhoI. 

DNA precipitations and ligations were desaibed in 2.2.1 -3 and 2.2.1 -8, respectively . The 

iigation reaaions wae transformed into competent E.c& DHlOB cells, and plated on 

ILBAmp plates. Transformations were described in 2.2.1.9. Colonies were screened by 

PCR using the same gene-specific prima used for the initial amplification of the 80bp 

Pk53EVI fizigment. A positive colony was selected, midi-prepped using a Qiagen column 

(Qiagen), and sequenced Figure 2.2 shows the plasnid map of the pGEX-Pkc53EV.Z 

construct (PhamaiCa). 

2.2.1.16 PCR Screen 

PCR was used to screen transformed E.coZi DHlOB colonies to v e w  successfui 

subcloning of the 80bp fbgment into pGEX4TI. Colonies were picked, simultaneously 

plated on UAmp plates, and inoculated into rnicrofbge tubes set up for PCR reactions. 

The reactions were prepared as d e s m i  earlier, ushg the same gene-specific primers for 

a m p m g  the 80bp piece from genomic DNA, as shown in Figure 2.1. A standard 



Figure 2.2: A piasnid map of the pGEX-Pkc53EVI construct The vector, pGEX-4TI 

was used for subcloning of a region of Pkc53E which encodes V1 and part of Cl. This 

8Obp nzigment was amplifiai by PCR, using mers with EcoRI and XhoI cut sites 

designed for directional subcloning. The h p m t  was subcloned direcily into these sites 

within the MCS of this vector, in firrune with the GST ORF, and sequence encoding the 

thrombin cleavage site. This results in the expression of a GST-PKC53EV1 fusion 

protein, when induced with IPTG. 





concentration of 2uL of 5ûmM ~~2~ (GibcoBRL) was used in aii of the reactions. The 

same Techne Thermal cycler, and program was used as desmied earfier. The products of 

the reactions were electrophoresed on a 2.0% agarose gel to v e  amplifiCafion of the 

80bp fragment. Negative coatrols were Wonmed as desmied earlier, to ensure all 

amplification products were specinc. 

2.2.1.17 Dideoxy Sequencing 

pGEX-Pkc53EVI was prepared for sequencing using a midi-prep Qiagen column 

purification procechire (Qiagen). AU solutions used for this protocoi are descriied below. 

The procedure was followed as ouuined (Qiagen). Atter the DNA was pelleted, 

resuspended, and a series of phenoVcblorofoxm extractions were performed, alipots of 

DNA were checked for quaüty and qwmtity on an agarose gel. The prima used for 

sequencing were made to the same seqpence published in the Phannacia catalogue, which 

have been designed for optimal sequencing of the pGEX vectors. In the npnual 

accompanying the T7 Sequencing kt (Phannacia), part C and part D were followed to 

dename the template, and prepare the sequencing reactions. Once the sequencing reactions 

were completed, they were placed at -20°C until needed. Published protocols were used to 

pour a seqpencing gel (Slatko and Albright, 1991). The s d e r  plates (36cm) were used to 

obtain about 200-3OObp of sequencing data The short plate was treated on one side with 

repelSilane (Phammcia). Afta the mat dried, Ït was washed with 70% ethano1 v/v as 

describeci in the pratocol (Slatko and Albright, 1991). Spacers and clamps were used to 

help keep the plates in place. &ce a good seal had been obtaJaed, the bottom and sides 

were Sealeci with gel sealing tape, to decrease the amount of leaking. Since urea was 

diffiCU1t to dissolve, 60mZ. of a 6% acrylamide/bi~ac~ylatni& gel solution was made while 

preparing the plates (Slatko and Albnghf 1991). ARa the solution was degassed, 50uC 



tetramethylethylene-diamhe ( E A E D )  and 500uL 10% annnonium p e d a t e  (APS) w/v 

were added, mixed, and the gel solution was pomd (Slatko and Albright, 1991). A 

syringe was used to pour the gel solution into the plate 'sandwich', tilted such that the 

solution filied the bottom part of the gel fkst The gel polymerized for 45 minutes, then 

residue was cleaned nom the gel plates, and the clamps and tape h m  the bottom were 

removed (SIaîko and Albright, 1991). The gel sandwich was placed in the Mode1 SA 

seqpencing apparanis (GibcoBRL) and nrn according to manufacturer's specifications 

(40W, 1,400V for a 3 2 c q  0.4mm thick gel), with a Model 4000 power supply 

(GibcoBRC). The gel was prepared, pre-wanned, and run as outlined (Slatko and 

Albnght, 1991). 3uL samples from the sequencing mctions were aliquoted per lane, and 

heated at 75-80°C for 2 minutes prior to loaning (Slaîko and AIbrighS 199 1). The second 

set of reactions was added when the dye ftont from the fïrst set had run to the boaom of the 

gel The gel was stopped when the dye h n t  fiom the second set of &ons had run to 

the bottom, and was treated as outlined, except it was not fixed pnor to M g  placed in the 

gel drier. The gel was dned on a BioRad Model 583 Gel Dryer, with Gel Blot Paper 

(Schleicher and Schuell), according to mmufacnirer's instructions. The second program, 

which takes 2 hours, was used Mer the gel was dned, it was wvered with Saran Wrap, 

removed, and placed in a film casseae with Kodak ScientEc h g h g  X-OMAT film, for 

72 hours (Slatko and AIbright, 1991). Meanwhile, the area was cleaned and swiped 

according to safety regdations for radioactive work, using organic scintükion fluid for 

swipes, and aqueous scintihtion fluid for the buffer. 1OOuL of b a i  were removed to 

count the radioactivity in radioactive waste. The film was developed according to 

specifications given for the developer and fixer used in Dr. M. Maloney's dark room. The 

fih was read, and sequence recordecl for each miction. 



Buf5er P3 

Buffer QBT 

6% denaniring acxylamide gel 

10 X TBE 

38% acryIamide w/v, 2% bisacryhnide wh. Do not 

heat above SOC. Store at 4OC in da.& (Slatko and 

Albright, 1991). 

100ug/mL RNAse A, 50mM Tris-HC1 pH7.5, 

lOmM EDTA pH8.0. Store at 40C (Qiagen). 

200mM N a 0 6  1% SDS wh. Make fkesh before 

use (Qiagen). 

3 .OM potassium acetate, pIF5.5 (Qiagen). 

750mM NaCl, 50mM MOPS, 15% ethanol v/v, 

pH7.0,0.15% Triton X-100 v/v (Qiagen). 

1 .OM NaCl, 5ûmM MOPS, 15% ethanol vh, pH7.0 

(Qiagen) 

1.25M NaCI, SOmM Tris-HC1 pH7.5, 15% ethan01 

v/v, pH8.5 (Qiagen). 

For 60mL, 252g urea, 9 . W  40% 

acryIsmide/bisacrylamide, 6.0mL 10 X TBE, 24mL 

H20. DissoIve, then f i k  and degas, prior to adding 

500uL 10% APS w/v and 50u.L TEMED (Slatko and 

Aibnght, 199 1). 

For IL, lO8g Tris base (890mM), 55g bric  acid 

(890mM), 40mL 0.5M EDTA (20mM) pH8.0. 

pH8.3-8.9. Will precipitate out of solution over time 

(Slatko and Albright, 199 1). 



2.2.2 Biochemicd Techniques 

2.2.2.1 Protein Assays 

Protein assays were carried out using the BioRad Protein Assay system, with 

bovine serum dbrlmin (BSA) as a control. The concentration of BSA was lm&&, and 

dilutions of hg, h g ,  4ug, and 8ug were made in a total volume of lmL, with 20hL  of 

the dye reagent nie solutions were read using visible wavelength (595nm) on a Beckman 

DU640 spectrcphotometer, a d  a standard curve was derïved. A dilution of the protein 

sample to be detemrined was prepared as above for the standard, and read with visible 

light The concentration was then detemiin& by extmpolating the value fiom the standard 

m e .  

2.2.2.2 SDS-PAGE 

Proteins obtained through the course of this project were r u  on SDS-PAGE. 

Rotocols for preparing, running, stahing, and destainhg SDS gels were followed as 

outlùied (Sambrook et al-, 1989). The acrylamide concentration of the gel was adjusted 

fkom 8-20% to accommodate the size of the desired proteins. A BioRad Mini 2-0 gel 

apparatus was used for all protein gels, with a Ph- Electrophoresis Power Supply 

EPS 500/400. A continuous Tris-Glycine ninning bmer was used for this apparatus as 

per m s l n u f ~ e r ' s  protocoL The separating gel was prepared with a volume of lOmL per 

gel sandwich (20mL total for both) (Sambrook et al., 1989). The stacbg gel was 

prepared in a volume of 5mL for both gel sandwiches (Sambrook et al., 1989). ïhe 

apparatus has a gel casting system, and the plates were cleaned with water and 70% ethanol 

v/v (Sarnbrook et al., 1989). The separating gel was p o d  kst, and overlaid with 0.1% 

SDS (Sambrook et al., 1989). Afta polymaization, the overlay was removed, and the 

stacking gel was poured on top, with weii combs placed accordingly (Sambrook et al., 

1989). Afterpolymerization, the wells were rinsed with H20, and the plates were placed 



in the apparatus with ninning b e e r  (Sambrook et al., 1989). The BioRad Muii 2-D gels 

have well &es of about 30-40uL and prior to ioading, 6 X SDS loading b e e r  was added 

to the samples in a 1 : 1 vhr ratio, heated at 65°C for one minute, and placed on ice briefly to 

cool (Sambrook et al., 1989). 3uL of high molecular weight standard d e r  (CiibcoBRL) 

were used per gel, and made to a nnal loading volume of 20uL. The gels were nin at 50V 

until the samples had entered the separating gel, then increased to 120-150V mtil the dye 

fiont had run off. After the gels were stopped, they wae either added to Coomassie stain, 

or placed in ûansfer buffer, for transfer to nitrocellulose (Sambrook et ai., 1989). 

30% acryiamidehisacrylamide 29% acrytamide whr, 1% bisaaylamide w/v. Do not 

heat above SOC. Store at 4OC in dark (Sambrook et 

al., 1989). 

12% SDS-PAGE (separating) For 1 OmL, 4mL 30% acrylaniide/bisacxylamide, 

3.3mL H20,2.5mL 1.5M Tris-HCi pH8.8, O.lmL 

10% SDS w/v O.1mL 10% APS w/v, 5UL TEMED. 

Make 10% APS w/v fkesh before use. This can be 

SDS-PAGE (stacking) 

rnodified for différent gel concentrations (Sambrook 

a al., 1989). 

For SmL, 3.4mL H2OYO.83mL 30% 

acryiamide/bisaaylami&, 0.63mL 1M Tris-HC1 

pH 6.8,0.05mL lO%SDS w/v, 0.05m.L 10% APS 

w/v, 5uL TEMED. Make 10% APS w/v fkesh 

before use. Concentration wiii not change regardless 

of the concentration of the separating gel (Sambrook 

et al., 1989). 



Coomassie stain 

5 X Tris Glycine buffer 

Destain 

6 X SDS loading dye 

For I O W ,  025g Coomassie Brilliant Blue R250, 

90mL. 1 part methano1 : 1 part H20, lOmL glacial 

acetic acid (Sambrook et al., 1989). 

For IL, 15g Tris base, 72g glycine, and 5g SDS 

(Sambrook et al., 1989; BioRad). 

For 1 OûmL, 90mL 1 part methanol: 1 part EI20,lO 

mL glacial acetic acid (Sambrook et a', 1989). 

For 5mL, 0.35M 1M Tris-HCl pH6.8, 10.28% SDS 

w/v, 36% giycerol v/v, 5% p-mercaptoethanol v/v, 

0.012% bromophenol blue w/v. Store in 0.5mL 

aliquots at -8OOC (Sambrook et al., 1989). 

2.2.2.3 Protein Induction 

pGEX-4T1 is 4.9kb in size, and contams the open reading frame (ORF) for GST 

adjacent to sequence encoding a thrombin cleavage site, which is next to the multiple 

cloning site (MCS). This is under the control of the ptac promoter, which consists of a 

fusion between the lac and taq promoters. This promoter is inducible by IPTG and 

repressible by glucose. The vector aiso contains the pkmmase gene, which confers 

ampiciih resistance. An 80bp Gagment encoding a smaii portion of the N-teirminus of 

PKC53E was subcloned into the MCS of pGEX-4T1 in frame with îhe GST ORF. This 

reSUIted in the production of a GST-PKC53EVI fusion protein upon expression. The GST 

moiety is about 27kDa, and the PKCS3E portion encodes a peptide of about 4kDq 

redting in a M o n  protein of approxhate1y 3 lkDa. T&e protoc01 and reagents used for 

induction, are anlined in the GST Gene Fusion System msvluai (Pharmacia). Cultures 

were grown in 200-250 mL 2 X YTGAmp with shaking at 370C until the Absorbante at 

was 0.6-0.8. IPTG was added to a concentration of O. lmM, and the cultures were 



incubated at 3TC for another 2-4 hoins. A higher yield of protein was obtained if the 

cultures were le@ for at least four hours d e r  induction. The cells were then centrifuged in 

Nalgene bottles at 4000xg using the Sorvail RC-SB Refngerated Superspeed Centrifbge, 

with the GSA rotor. The supernatant was poined off, and the pelleted cells were stored at - 
20°C oveniight. The ceIls were maintaineci at -20°C for a few days if necessary, which 

was fomd to enhance cell dimption after sonication. The ce& were resuspended in 20mL 

of GET lysis buffer, and ImM PMSF was added prior to sonication. The resuspended 

cells were transferred to 50mL centrifuge tubes, and sonicated using a Kontes Micro 

TJltrasonic CeLl Disuptor on ice for 4-6 puises at 45 seconds per pulse. Sonication was 

complete when a clear laya becarne visible on top of the mixture, iudicating the rnajanty of 

ceils had lysed. Oversonication can cause problems with protein denaturation. The 

sonicate was centrifiiged at 9500xg for 30 miautes and the supanatant was then applied to 

a glutathione-coqled Sepharose 4B column for purification by &ty chromatography 

(Phamiacia). Upon induction, the fusion constnrct conipnsed of a large proportion (20%) 

of overall protein produced by the cens. The fusion protein was soluble, and cpmtities of 

2-3m~200mL cek were easily obtained through column purification (Pharmacia). 

For IL, 16g ûyptone, log yeast extract, 5g NaCl 

and after autoclaving, and cooling to SOOC, 20% 

glucose w h  is added. Make kesh before use, or can 

store at 4OC. Ampicillùi is added after the medium is 

cooled to 500C to a final concentration of lOOug/mL 

(Pbarrnacia) . 

For IL, 16g tryptone, log yeast extract, 5g NaCl 

and a f k  autoclaving, and cooling to 50OC, 20% 



glucose wlv is added Make fiesh before use, or can 

store at 4oC (Piamiacia). 

2.2.2.4 Protein Purification 

Purification of the GST-PKC53EV1 fusion protein was accomplished by affinity 

column chromatography with a glutathone-coupled Sepharose 4B column (Phmcia). 

The col- was set up accordùig to manufacturer's instnictions, resulting in a bed volume 

of 2 mL with a 50% slirrry. It was rnaintained at 4OC, and eqdiirated wïth 1 X PBS when 

not in use. Due to the small size of the column, the flow rate was slow enough to not 

recpire the use of a pump. The fusion protein was expressed, and prepared as discussed in 

the above protocol, resulting in a sonicate volume of about 20mL. The sonicate was 

applied to the column, and a series of washes were performed as outlined in the GST Gene 

Fusion Systemmanual (Pharmacia). The bound GST fusion proteins were eIuted with an 

equal bed volume of glutathione elution buffer, and fiactions of piinned protein were 

coilected off the colunm. Although only 2mL of elution buffa was useci, tbree fractions of 

about 1mL each were collecte& due to carry-over h m  the wash buffer. ïhe third fiaction 

was the rnost concentrated (lmg/mL), and the frst fkaction of wash I1,usually contained 

some eluted protein as well. The elutions were assayed with the BioRad Rotein Assay 

system to check for quantity. Samples were collected throughout protan purification, and 

these were subjected to 12% sodium dodecyl &te-polyacrylarnide gel eletrophmesis 

(SDS-PAGE), which was staiaed with Coomassie Blue to check for quantity and for the 

presence of contaminating proteins. The fint purifkation through the colunm reSUIted in an 

abundance of puified protein, however, contamination wiîh high molecular weight E.coli 

proteins was evident. Therefare, the fÎactions of purifieci protein collected in the first run 

through, were dixuted with 1 X PBS, and nui fhrough the colunm again. The eluates 

coiiected fkom this second purification still had a high concentration of purified protein (0.5 



mg/mL), however, the proportion of E. coli proteins was reduced so they were no longer 

visible on Coomassie-stained SDS-PAGE (Pha~macia). 

GET lysis b s e r  

Glutatfiione elution buffer 

10 X PBS 

1 5 W  NaCl, 50mM glucose, 25mM Tns-HC1 pH 

8.0, lûmM EDTA pH8.0 (Phamucia). 

1 OmM reduced-glutathi~ne~ 50mM Tris-HC1 pH 8 .O. 

Store in 4mL aliquots at -20°C ~bannacia). 

For IL, 80g NaC1(137mM), 2g KC1(2.7mM), 

1 1 .5g Na2HP0497H20 (4.3mM), 2g KHzPO4 

(1.4mM) pH7.3 (Sambrook et al., 1989). 

2.2.2.5 Thrombin Cleavage 

Purified GST-PKC53EVl fusion protein was incubated in 1 X PBS, with 

appropnate amounts of thrombin at 37C for 2-4 hours, and subjected to 20% SDS-PAGE 

to visualùe cleavage. The cleaved d g e n  was also checked by a Western blot with anti- 

GST antiiodies. The protoc01 for thrombin cleavage is dependent on the manufacturer. 

The appropnate uni% of activity were used for Thrombin (Sigma) accordïngly. 

2.2.2.6 Raishg Polyclonal Antibodies 

Purified GST-PKC53EVl protein was used to gengdte polyclonal antiibodies in 

rabbits. The preparation of antigen for injection was foilowed as outlined @r. M. Lohka, 

University of Calgary). Two adult female New Zealand white rabbits were pmhased and 

milintained through the Uoiversity of Calgay Animal Care Services. Rebleeds of 10 mL 

per rabbit were ob.tained upon th& arrivai, for use as preimmune seni. Afk  a period of 

rest, the initiai injections were given. 200ug of protein was adjusted to a volme of 3 W ,  

per rabbit, with sterile water in 1.5mL microfige tubes, and an equivalent amount of 



Freund's coqlete adjuvant (GibcoBRL) was added per tube. The mixmes were 

sonicated on ice for about 5 pulses of 45 second duration, with intermitient coohg. Upon 

completion, the mixtures were white and th&. The mkîures wae then drawn into 3cc 

Becton Dickinson (B-D) LuaLok syringes. This was accomplished using 18G1 IL? 

PrecisionGlide syringe needles (B-D) with sawed off bottom, and by continually 

recentcifbging the mixtures. After the m g e s  were fUed with a final volume of about 

0.5mL per syringe, the needles were repiaced with a new needie of the same size for 

intramuscular injection. Three weeks after the inib'al injections, each rabbit was given a 

boost with an emdsion prepared as above, but with 150ug of protein per rabbit mixed with 

Freund's incoqlete adjuvant Booster injections were given every two weeks using 

emulsions prepared as for the initial booster, with 150ug of protein per rabbit and Freund's 

incompkte adjuvant. Test bleeds of lOmL were obtained fiom each rabbit about 8 days 

after each injection. Antisera was separated fkom blood that had coagulated ovemight at 

4OC, by centrifugation at 5,000xg for 15 minutes. The blood was kept in the viais in which 

the blood was origindy obtained, as they fit in the rotor head of the centrifuge. After 

centrifugation, the antisera, visible as a clear liquid at the top, was drawn off and aliquoted 

into microfige tubes and m e d  at -20°C fm fimne use. Antisera was used as a primary 

antiiody in Western blots to check for specintiv and Mer to the antigen. Afkr the third 

test bleed, a dilution of 1: 10000 of the primary antiody was required to detect 0.02ug of 

antigen, for both rabbits 1 and 2, although the first rabbit gave a stronger signal than the 

second. Another injection was given, and the first rabbit was bled out. The second rabbit 

was given a fBh injection and conseguently bled out after 7-10 &YS. 



2.2.2.7 Western Blots 

GST-PKC53EVl was used as an antïgen to raise polyclonal anticbodies in rabbis, 

as descnied in section 22.2.6. These antiiodies were used as anti-PKCS3E antisera, in a 

series of Western analyses on different D. melanoganer tissues and developmental stages. 

Table 2.1 lists several difFerent amisera used houghout these experiments. Westem blots 

were also p e r f o d  with ad-GST anhiodies, pre-immiine antiserq and anti-PKC53E 

antisera which had been pre-inabated with either the GST-PKC53EV1 fusion protein, or 

GST. SDS-PAGE was set up as desmied above, with proteins fkom the different exnacts 

in the correct concentrations. ûriginally, 12% SDS-PAGE was used for the GST fusion 

protein with 0.02ug per weli, and PKC-rich extncts fiom D. meCmogaster tissues and 

developmental stages were subjected to 8-10% SDS-PAGE with 20-40ug per weU. 

However, since both the GST fusion protein and PKC-rich exaacts could be separated by 

100A SDS-PAGE, this became the standard gel concentration use& Mer electrophpsing, 

the gels were placed in transfer buffer for 20 minutes (Sambrook et al., 1989). A piece of 

nitrocellulose, and six pieces of Whataian 3MM Chromatogrzlphy paper were cut to size 

(5.5cm X 8.5cm), per gel. TG nitroceilulose was placed in distilled water for 20-30 

minutes (Sambrook et al., 1989). T'he P M a  LKB Multiphor II Electrophoresis was 

used to perEonn a semidxy transfer of proteins to nitrocellulose, and was set up according 

to manufacturer's instructions. Pharmacia Electrophoresis Power Supplies EPS 600 or 

EPS 500/400 were used as a power source. The typical current, in mAmps, for 

transferring, is 0.8 times the surface area (cm?) of the blot. Roteins were transferred for 

50-60 minirtes (Sambrook et al., 1989). The electrodes were wet lightiy with transfer 

buffer, then three pieces of Whataiim 3MM Chromaîography papa were wet with transfer 

buffer, and placsd on the apparatus, such that no bubbles were present (Sambrook et al., 

1989). The ni~oceUuiose was placed dom, then the gel, followed by three more pieces of 

wet Whatmsln 3MM Cbromatography paper. The bottom plate is attached to the positive 



Table 2.1: A lia of prïmary and secondary antibodies used for Western blot analyses, 

and immtmohistochemistry. 



Gnhfbody Description 

anti-PKC53El polyclonal primary antiiodies against 
GST-PKC53EV1 antigen nom rabbit 
I 

anti-PKC53E2 

~~1ti-PKCapy 

anti-rabbit FITC 

anti-rabbit biotin 

anti-rabbit TR 

polyclonal primary anbiodies against 
GST-PKC53EV1 antigen fiom rabbit 

wmmercially available polyclonal 
primary anticbodies against PKCah 
(19-3 6; pseudosubstrate domain) 
(GibcoBRL) 

commercially available 
secondary anticbodies againa rabbit 
senun, conjugated to FITC 
(GibcoBRL) 

commercially available 
secondaTy antiiodies against rabbit 
serum, conjugated to biotin 
(GibcoBRL) 

moue monoclonal antibodies 
against a motor nemm protein, 
found in embqos later than stage 
12 (Auld) 

commercially available secondary 
antibodies against moue 
antisenun, conjugated to TR 
(Jackson Lab.) 

commercially available secondary 
antitbodies amst rabbit 
antisenim, conjugated to TR 
(Jackson Lab.) 



electrode, and the top plate is atîached to the negative electrode, so the current transfers the 

negatively charged proteins dom (Sambrook et al., 1989). After the transfa was 

complete, the blot was checked with Ponceau S staui, and rinsed with water (Sambrook et 

al., 1989). The blot was marked with a pen where the high molecular weight standards 

had stained, and cut into strips. The blots were then blocked ovemight at 4'C, and 

incubated with the primary and secondary a n h i e s  as Outlined (Sambrook et al., 1989). 

The blots were incubated with primary and secondary anticbodies in blocking buffer. The 

dilution factors for al I  commercially obtained antiiodies were used accordhg to 

manufacturer's instructions (GibcoBRZ). A 15000 dilution of primary antibody was used 

to achieve consistent remlts, however, a 1:10000 dilution was also successfbl with adult 

head extracts, and resulted in lower background, Antiiodies were blocked with antigen 

and GST by pre-incubating 15000 anti-PKC53E antisera with 10-20ug protein at R T q  

for 1-2 hours. AfEnity-plzrified anticbodies were made as descricbed tater in this chapter, 

and 1:25-150 dilution factors were use& depending on the titer obtained. The blots were 

developed as outlined for AUraline Phosphatase-conjugated secondary anti-rabbit antïbodies 

(GibcoBRL) according to manufacturer's instructions, and the blot was left to develop at 

RTemp in the dark After the r d 0 1 1  was compleîe, the blots were rinsed with water, and 

dried on paper towels. 

Western blots were scanned in with the Microtek ScanMaker DI, and a Power 

Macintosh 7600/120, using Adobe Photoshop. AU blots were modified using the same 

histogram, and levels of brightness and contra% They were scanned in at a 300dpi 

resolution, stored as PICT files, and printed on a black and white laser p ~ t e r  with a 

120Odpi. 

lOOmMTri~-HC1p~.S,lOOmMNaC1,and50mM . 

MgC12. For IO& 44uL NBT, and 33uL BCIP are 



Blocking bmér 

TBS 

TBST 

added just @or to incubatùig membraue. M e r  

should be made fkesh (GibcoBRL). 

10% non-fat milk w/v, 0.3% Tween-20 v/v in 1 X 

PBS. Make fi& before use (Sambrook et al., 

1989). 

lOmMTris-HClpIIS.0, 15OmMNaC1. Store at 40C 

(Sambrook et al., 1989). 

TBS + 0.05% Tween-20 v/v (Sambrook et aL, 1989; 

Phannacia). 

For IL, 2.920 glycine, 5.81g Tris, 0.375~ SDS and 

20% methanol vh (Dr. M. Lohka, University of 

Calgary; Sambrook et al., 1989). 

0.3 % Tween-20 v/v in 1 X PBS (Sambrook et al., 

1989; Pharmacia). 

2.2.2.8 Extraction of D. nefanoguster Pro teins 

Adult heads were dissected in cold Ringer's solution, and placed microfhge tubes 

on ice. The Ringer's solution was removed, and 400 aduit fly heads were homogenized in 

about 600uL of e x m i o n  bufTer. The homogenate was incubated on ice for 30 minutes, 

then centrifbged at 10,OOOxg for 3-5 minmes (Broughton et al., 1996; GibcoBRL). About 

300uL of supernatant was collectai and qwntitated using the BioRad protein assay system. 

This method was used for the extraction of various D. mellanoga;rter proteins. Similar 

concentrations were achieved with about 50 fèmaie ovaries in lOOuL buffer, 300 male 

testes in 5ûuL buffer, 100 embryos in 50uL extraction bufkr, 10-20 adult flies in 2 0 U  

extracton buffer, 10-20 pupae and 3rd instar iarvae in 200uL extraction buffer, 20-40 2nd 

instar Iarvae in 2OhL extraction buffer, anci 50-70 1st instar iarvae in 20ûuL extraction 



b e e r .  Several repoaed PKC-rich extraction procedures were perfonned; however, the 

best exbraction procedure utiliz;ed a M e r  with 20mM Tris-HC1, O JmM EGTA, 0.51nM 

EDTA, lOmM PmercaptoethanoI, 0.5% Triton X-100,25ug/mL PMSF and 25ug/mL each 

leupeptin and aprotinin (Broughton et a l ,  1996; GibcoBRL). A PKC assay kit was 

purchased firom GibcoBRL, with stock solutions of the above reagents (except PMSF). 

Ail dissected tissues used for exfraction were collected as d e s m i  earlier. About 20-40ug 

of PKC-rich extracts were run per weU on SDS-PAGE, which were transfared to 

nitroceliulose, and analyzed by Western bloüing. 

PKC-rich extraction buffer 20mM Tris-HCl pH7.5,OSmM EGTA, O S m M  

EDTA pH8 .O, l OmM PmercaptoethanoL, 0.5% 

Triton X-100 vh, I d  PMSF and 25ug/mL each 

leupeptin and aprotinin. Make fie& each time before 

use (GibcoBRL). 

2.2.2.9 Immunoprecipitations 

As per manufactureYs instructions fkom a PKC Assay kit ((GibcoBRL), 

immunoprecipitations wae pdoxmed on PKC-rich extracts fiom adult heads. Adult heads 

were dissected in cold Ringefs solution, and pIaced in microfige tubes on ice. The 

Ringer's solution was removed, and they were hornogenized in a b a e r  consisting of 

20mM Tris, pEI7.5, 0 . 1 N  NaCl, 2mM EDTA, ImM EGTA, 1.0% Triton X-100, 

25ug/mL each aprotinin and leupeptin, The homogenate was incubated on ice for 30 

minutes, then centrifugecl at 10,OOûxg for 5 minutes and the strpernatant was coUezîed. 

Microfige tubes with 50-I00ug of supernatant were incubatecl with either 5uL of SilSrti- 

PKC53E1, or with lOuL of anti-PHCam mibody (GibcoBRL). These antiiodies are 

iisted in Table 2.1. They were incubated at 4OC ovemight, with rocking. During the 



incubation, protein Acoupled agarose (Sigma) was prepared according to ~anufacturefs 

i n d o n .  An aiiquot (10WmL) was transfared to a rnicrofiige tube, cenWged, and 

equiliebrated in the same buffer used for the above protein extractions. This was repeated 

several times, then aliquots of protein A-coupled agarose were added to the microfige 

tubes containkg the anticbody-protein samples, for incubation with roclang at RTemp for 

one hour. The mixture was briefly centrifUged, and washed twice in the buffer used above 

for extraction. An SDS-PAGE was run at this point, and transferred to nitroceiiulose to 

check for proteins that were specifidy buund by the miodies. 

Immunoprecipitation buffer 20mM Tris-HC1 pH7.5, O. 1 SM NaCl, 2m.M EDTA 

pH8.0,lmM EGTA, 1.0% Triton X-100 v/v, 

25ugh1L each aprotinin and leupeptin. Make fresh 

before use (GiicoBRL). 

2.2.2.10 PKC Assays 

Immunoprecipitated pellets of PKC53E were collected as descnbed above, and 

assayed for PKC activity. They were resuspended in an elution buffer of 50mM Tris 

pH7.5, 055M NaCl, 1 .O% Triton X-100, 25ughL each 1eupepti.u and aprotinin, 2mM 

EDTA, and 1mM EGTA at a volume of 20uL per reaction. A PKC assay kit fiom 

GibcoBRL was utilized for the assays. Two different substrates were used, one was the 

[Ser 251 19-36 pseudosubmte peptide, and the d e r  was an acetylated peptide from 

myelin basic protein. Negative controls were nin with each assay, using the 19-36 

pseudosubstrate domain peptide as a specific PKC inhiebitm. Essentidy, the incorporation 

of radiohbelled phosphate groups fkom [y-32P]~TP into the substrate peptide was an 

indicam of PKC activity. Phosphocellulose d t s  obtained from Pierce were used to 

collect the substrate-incorparated mdiolabelled phosphates, and placed in scintillaiion vials 



for counting the radioactivity. 

phosphocellulose units. 

PKC assay buffer 

1% phosphoric acid v/v was used to wash the 

50mM Tris-HCL pH7.5, 0.55M NaCl 1 .O% Triton 

X-100 vh, 25ug/mC each leupeptin and aprotinin, 

2mM EDTA pH8.0, and ImM EGTA at a volume of 

20uL per reaction. Make hsh before use 

(GibcoBRL). 

2.2.2.1 1 Blot-affinity Antibody Purification 

Anti-PKC53El antisera were f ider  p d e d  by a blot-affin@ purification method 

(Tang, 1993). Three SDS gels were nui with large wells, each holding 100ug-250ug of 

antigen, resulting in a total of approximateIy 300-750ug antigen. The proteins were 

transferred to nitrocellulose, and detected with Ponceau S stain. The blots were cut to 

make antigen strips, and pIaced in blocking buffer ovdght  at 4°C with gentle rocking. 

The strips were then inaibated with l 0 M  primary antiibody, diluted in lOmL Tris- 

buffered saliney 0.05% Tween-20 P S T )  with l O U  10% BSA fiaction V, and lOOuL 

5% sodium azide, 12-16 hours at R T q  with gentle agitation. The strips were then 

washed 3 X 10 minutes with TBST, and the antibdies were eluted on iœ using glycine 

elution buffer. ImL glycine elution buffa was incubated with the stnps over ice with 

gentle mixing for 3 minutes, then transferred to a tube with O.I5mI, 1M Tris-HCI, pH8.1. 

This was repeated, then the strips were incubated with 2mL TBST for matlier 3 mlinutes, 

and ail eluates were pooied together. The sîrips were then pl& between Whamuin 3MM 

1. Finai dilutions Chromatography paper for storage at -20°C, and were feused several times 

of 1:25-150 were used successfully in Western blots. 



Glycine elution buffér 

2.2.3 h u n o  histochemical Techniques 

2.23.1 Maintenance of D. melunogaster stocks 

The Oregon-R wild type strain (OR) was used to obtain protan samples, and 

organisrns fiom different stages of devebpment were examined for the 

immrlnohistochemfcal studies of PKC53E. This stock has been mintained in Dr. M. 

Bentley's lab for mriny years, and was Onginally derived fkom flies collected at Roseburg, 

Oregon. Stocks were rnsiintained on a medium composed of 92-58 agar, 1225g commeal, 

440g yeast, 435g sucrose and 850g dextrose, in 16L Hz0 ( Add 1251nL acid mix (418mL 

propionic acid, 41.5mL 55% phosphoric acïd v/v, in 1L H20) pnor to pouring) (Lewis, 

1960). They were kept at room temperatme (RTemp), or at 25°C. 

2.2.3.2 Collection of Developmental Stages 

A schematic of the Me cycle is shown in Figure 1.5. Embryos typically hatch after 

21 hours at 25"C, pupariation occurs after 5 days, and eclosion afta 9 days. Virious 

stages of deveiopment were coilecîed for obtaining protein extram, or for 

imntmohistoch~cal staining. Various stages of embryos wae collected, by placing -4 

&y old adult OR fies on Embryo collection plates for 1-2 hours at RTemp. After the 

adults were removed, the embryos were lefi for varying pexiods of time to 'stage' them 

For example, a 2-4 hour embryo was left on the plate an additional two hours a f k  the 

aduits were removed, and Wcewise, a 6-8 hour embryo was Mt on the plate an additional 

four hours. Embryos collected for protein extzaction were placed dnecty into harvesting 

solution in a microfige tube. The solution was then removed, and the appropriate buffers 

were added for protein extraction. Embryos coUected for irnmiinohistochemical staining 



were placed on double-sided scotch tape, and mecMcally dechorionated by rolling across 

the tape. Atta dechorionation, they were piaced d k d y  into microfige tubes with the 

appropriate fixing solution. 1st and 2nd instar h a e  had been previousiy collected by 

L a y 1  Nutter, and kept at -80°C. They were sinipLy placed in the appropriate buffa for the 

extraction of proteins used in Westem blots. Tmmu~.ohistochemistry was not perfomed on 

these developmentd stages. Early 3rd instar h a e  were coUected by taking larvae still 

crawling in the media, and placing them into 20% surrose whr. They were then dissected 

in i X phosphate-buffered saline (PBS) for coiiection of brains, and salivary glands, and 

piaced d i r d y  into microfuge tubes with 1 X PBS on ice. Late 3rd instar h a e  were 

coiiected by taking lasvae crawling on the wu, and placing thern into 20% sucrose w/v. 

Braius and saiïvary glands were then dissected and placed directly into microfuge tubes 

with 1 X PBS on ice. 3rd instar larvae, used for Westem blotting, had been previously 

collected by Law1 Nutter and kept at -80°C. Early (white) pupae, eye (tan) pupae, and 

iate (dark) pupae were previously wilecîed by Latnyl Nutter, and kept at -80°C. They 

were placed in appropriare buffers for protein extraction7 and used in Western blots. 

Tmmiinohistochemistry was not perfomied with these developmentai stages. Four &y old 

d e  and fernale adult OR fiies were collecte& and tissues were dissected in cold Ringer's 

solution. Tissues were placed in Ringer's solution, in microfbge tubes, on ice. Heads 

were collected ftom both maies and f d e s ,  and grouped together, and ovaries and testes 

were oollected nom fernales and males respectively. The Ringer's solution was replaced 

with the appropriate buffers for protein extraction. Ovarïes and testes coiiected for 

immunofluorescence were piaced in I X PBS as described for the lami tissues 

(Ashbumer, 1989A; Ashbunier, l989B; Hughes, 1993). 

Embryo co1lection plates For 400 mL7 200mL IÏesh grape juice, 192d H20 

Save some for after agar added to help cool), 16g 



Hawesting sohîion 

Ringefs solution 

agar, 42mL 95% ethanol v/v, and 4.ûmL glacial 

acetic acid. Heat grape juice and water to boilxng, 

and stir in agar slowly, then reduce heat and let agar 

dissolve completely. When dissolved completely, 

and cooled to 6WC, add ethan01 and glacial acetic 

acid and pour plates. Wrap and store at 4% @r. D. 

Clark, University of New Brunswick). 

0.7% NaCl wk, 0.4% Triton X-100 vlv (Hughes, 

1993). 

l82mM KCl, 46mM NaCl, 3mM CaC12, lûmM 

Tris-HCl pH7.2, filter sterilized and autoclaved 

(Ashbunier, 1989B). 

2.2.3.3 D. melumguster Tissue Dissections 

All dissections of larvae and aduits were d e d  out as demomtraîed by Dr. M. 

Bentley (Univenity of Calgary), and Lauryi Nutter. Schematics for morphology can be 

found in mso~hücr. A Laboratw Handbook (Ashbunier, 1989A). k a e  were collectecl 

in 20% sucrose wh, and dissected in cold 1 X PBS. Adults were etherized, and dissecred 

in cold Ringefs solution, or cold 1 X PBS (Hughes, 1993). 

2.2.3.4 Immunofluorescence with Whole Mounts 

Tmmunofluorescence was pafomed with tissues dissected fiom larvae and adults 

as d e s c r i i  earfier. The tissues were nXed by removing the dissection buffer, replacing it 

with h s h  fixative (4% pdonnaldehye (PF)/1 X PBS), and incubating for 20 minutes 

with gentle agitation at RTemp. Afkr collection, ovaries were treated with coliagenase at 

370C for one mimite, ththen washed with 1 X PBS, and indaîed with nxative. After 



fixing for 20 minutes, the tissues were washed by &g with 1 X PBTB at RTemp, three 

h e s  for 10 minutes each The tissues were then incubated with blocking b u f k  for 2 -16 

hours at 4OC, with gentle mixing. Merent types of buffm were used for blockuig, and 

the most effective were 2% skim mik in 1 X PBTB, and 10% nomial goat s e m  in 1 X 

PBTB. Anti-PKC53El antisera were then added to the tissues in appropriate dilutions, and 

incubated at 4OC overnight with niixing. 1 :SU& 1 : 1 O00 were effective dilutions of an& 

PKC53E 1 antisera. Affinity-purifed antiiodies were used with a 1 5  dilution, however, 

this titer may not have ken  appropriate for some tissues. The tissues were washed again, 

with 1 X PBTB, tbree times for 10 minutes at RTemp with gentle m g .  Blocking buffer 

was added to the tubes a f k  the last wash, and the tissues were incubated at RTemp widi 

mixing for 30 minutes to one hour. Secondary a n t i i e s  were added to the tissues at a 

dilution of 1 :2000, for biotin-conjugated, and APoonjugated mti-rabbit antiîiodies fiom 

GibcoBRL. These antibodies are listed in Table 2.1. However, the Texas red-conjugated 

secondary mti-rabbit annibodies (Jackson Lab.), requked a 1:1000 dilution. If the 

antibodies were directly conjugated to a fluorochrome, they were kept in the dark by 

wrapping the tubes in foiL The tissues were incubated with secondary antiiodies for 1 - 2 

hours at RTemp with mixing, then washed 3 times for 10 minut& each in 1 X PBTB. A 

Texas red-streptavidin conhate (GibcoBRL) was used with tissues which had ken 

incubated with biotin-conjugated secondary anti-rabbit antiiodies. These tissues were 

blocked for 30 minutes, then the streptavidin-conjugate was added, and incubatd in the 

d& for one hour at RTemp with mïxhg. These tissues were washed as before, 3 times 10 

minutes with 1 X PBT at RTemp, with mkhg. DuDng the washes, the tissues were kept 

in the da&. Afta the last wash, Fiuorescent Mcrunting Media ( G i B R L )  was added to 

the tissues, and they were pipetted ont0 glass skies, and covered with glass coverslips. 

Taey were immediatdy wrapped in foil, and placed at -20°C until visualized with the 

microscope. A Mca Aristoph microscope was used to visuaüze fluorescence, uîüizing 



the 40X objective and Texas Red filter. The Mca Wild MP546 camera m h e d  to the 

microscope was used to take pictures with 400 speed Kodak Ekiachrome film, and ail 

exposures were taken in dark field (DF) with a sefting of 50. 

Slides of whole mounts were scanned in with the Polaroid SprintScan 35, and a 

Power Macintosh 7600/120, using Adobe Photoshop. AU images were modified using the 

sarne levels of brightness (-35) and conaast (10). They were scanned in at a 300dpi 

resoliition, stored as PICT files, and printed on a color DyeSubIunation printer. Copies 

were made by color laser photocopying. 

PBT 

PBTB 

4%PF/ 1 XPBS 

1 X PBS, 0.3% Triton X-100 v/v (Phannacia; 

Sambrook et al., 1989). 

i X PBS, 0.3% Triton X-100 vfv, 0.2% BSA w/v 

@@es, 1993; Tang, 1993). 

Dissolve 4g PF in 100 mL 1 X PBS by heating over 

low heat (not past 600C,) add lN NaOH drops to aid 

solubility. Make fkesh before use (Hughes, 1993). 

2.2.3.5 Immunohistochemistry with Embryos 

Embryos were stained by a numba of différent procedures. One is similar to the 

procedure described above, however, the initial fixation steps were different. Eknbryos 

decharionated by hand were placed in microfige tubes with 1 part fixative (4% PF/l X 

PBS) : 1 part heptane, and incubated for 20 - 45 minutes at RTemp with shaking. The 

q e o u s  layer was removed with a pipette, then replaced with methanol. The contents of 

each microfige tube were mixed for a minute, then the solution was rernoved, and rephced 

wiîh methanol. The mdhan01 was then removed, and replaced with 3 parts methan01 : 1 

part PF/PBS, and embryos were incubated for 5 mirnrtes at RTemp with mixing. This was 



repeated using increasing amounts of PF/PBS (1 : 1, then 1 :3), mtîl the 1st step when only 

PFRBS was added The embryos were incubated for another 20 minutes with PFPBS, at 

RTemp with mixing. Then, they were washed 3 times 10 minutes with PBT, as descrïbed 

above, and placed in blochg buffer 2 hours - o v e g h t  at 4°C with gentle mimng. The 

rea of the staining procedure is desmbed above. Another procedure for fixing embryos 

used die solution PEM-FA as a fixative. Embryos were collected as described eariier, 

however, they were placed in 1 part PEM-FA : 1 part heptane, and incubaied for 20 

minutes at RTemp with mixing. Then the PEM-FA was removed, and replaced with 

methanol. The e-os were mixed for one minute, then the solution was removed, and 

replaced with methanol. The embryos were washed with methano1 several times, and if 

desired, the &vos can be kept in rnethmoI for several weeks at 4OC. The methanol was 

then replaced with 1 X PBTB, and washed t h e  times for 10 - 30 minutes at RTemp with 

mixing. The embryos were then blocked with 1 X PBTB, and 5% nomial goat senun for 

30 minutes - 1 hour at RTemp with shaking. Anti-PKC53El antisera were then added to 

the embryos, and they were incubated ovemight at 4OC with m g .  Monoclonal 

anti%odies, listed in Table 2.1, were used in a 1:30 dilution. The rest of the procedure is 

as desmiecl above, however 1 X PBTB was used for washing, and 1 X PBTB + 5% 

nonnal goat serum was used as the blocking buffer. An anti-mouse secondary antibody 

conjugated to Texas red (Jackson Lab.), listed in Table 2.1, was used in a 1: 1000 di1ution. 

rrrrmirnohistochemical staining in embryos was also perfmed by colorimetric 

procedures. The ernbryos were treated as descnbed above, except they were incubated 

with 1:2000 dilution of secondary antiebody conjugated to AP (GiicoBRL), and after the 

detergent washes, they were washed twice with TBS. Then, they were incubated in AP 

substrate with nitro blue tettazolium chlonde (NBT) and 5-brorno4chloro-3-indoIy1 

phosphate @CD) in the dark for a half hou. The substrate was washed off with water, 

and the embryos were placed on a slide for viewing under light microscopy. 



Slides of embryos were scamed in with the Polaroid SprintScan 35, and a Power 

Macintosh 7600/120, using Adobe Photoshop. Ail images were modined Üsing the same 

levels of brightness (-35) and con- (10). lhey were scanneci in at a 300dpi resolution, 

stored as PICT files, and primed on a color DyeSubIimation printer. Copies were made by 

color laser photocopying. 

PEM 

PEM-FA 

0.1M PIPES, 2mM EGTA, 1mM MgSOd 

pH6.S. Store at 4oC (Auld, University of 

British Columbia). 

9 parts PEM to 1 part 37% f d d e h y d e  

w/v. Make just before use (Auld, University 

of British Columbia). 



Chapter 3 

ResuIts 

3.1 Cloning 

The pGM-PkcSiEVI construct was made by subcloning a putative unique poaion 

of P M E  into pGEX-4TL, as shown in Figure 2.1. This was accomplished by using 

PCR to ampw an 80bp fragment from genomic DNA, with EcoRI and WoI cut sites 

designed in the primes to allow for in fhme-directional subcloning. The sequence of the 

primes used is shown in Figure 2.2, and the 2.0% agarose gel showing the a~xlplified 

products is shown in Figure 3.1. The first lane shows the 123bp ladder, and all other 

laues show the amplifiecl products using vaqrïng ~ ~ 2 +  concentrations. The most 

successful, s h o w  in ianes 1, 2, and 5, resulted in the amplification of an 80bp band- 

Lanes 3 and 4, had no visible product. Controls were also perfomd without primers, 

without template, and without Taq DNA polymerase, and are shown in Figure 3.1. This 

80bp fragment encodes the V1 region, and nrst part of Cl, including the pseudosubstrate 

domain, of die putative ORF for PKC53E, as shown in Figure 2.1. M e r  amplification, 

the fiagrnent was subcloned into pGEX-4T1, using the unique EcoRI and WoI cut sites. 

The transfoxmed DHlOB Emli  colonies were screened by PCR with the same gene- 

specific primers used to amplify the original 80bp hgment, as shown in Figure 3.2. The 

fini lane shows the 123bp ladder, the adjacent lane is without template, and all subsequent 

lanes are amplified products, with different colonies as templates. AU colonies show gave 

positive results, and to ensure this was not due to contamination, a negative conaol without 

template, is shown in Figure 3.2 lane (1). Negative comrols without primer, and without 

Taq DNA poiymerase, are show in Figure 3.1. Products were not visualized, indicating 



Figure 3.1: A 2.0% agarose gel with PCR products (A). Also shown is a 2.0% agarose 

gel with negative controls (B). In gel (A), genomic DNA nom D. m e l a n o g ~  was used 

as template, and P M 3 E  gene-specinc primers were used to ampw an 80bp fhgment. 

Lane (M) shows the l23bp ladder, and all d e r  hues are the products of PCR reactions, 

using varying ~ ~ 2 +  volumes b m  a 50mM stock solution (GiibcoBRL). Lanes 1, 2, and 

5, are samples fkom PCR reactions where 1.5uL, 2uL, and 2.5uL 5ûmM ~~2~ were used 

per lOOuL total reaction volume, respectively. An 80bp band was seen as indicated. In 

Lanes 3 and 4, 3 and 3.5uL 50mM ~ ~ 2 +  were use& respectively, and a band was not 

visible in these lanes. In gel (B), Lane (M) shows the 123bp ladder. Controls were 

perfoxmed without primers, shown in Lane (1). without tempiate, shown in Laae (2), and 

without Taq DNA polymerase, show in Lane (3). 





Figure 3.2: A 2.0% agarose gel with PCR products from a colony screen. Transformed 

DHlOB E.coli colonies were used as tempiate, with the same PKc53E gene-specific 

primen as used previously. Lane (M) is the 123bp ladder, Lane (1) is without tempiate, 

and aii subseqyent ianes are PCR reactions with different colonies as templates. An 80bp 

band is visuaIized as indicated, 
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the bands in Figure 3 2  were due to amplification of gene-specific sequences. A colony 

was chosen, midi-prepped, and sequenced by the dideoxy sequencing method The 

Pk53E sequence was 100% identical to the published sequence using the Natiod Centre 

Biotechnology Information (NCBI) Basic Local Aligni.aent Search Tm1 (BLAST) search, 

and both EcoRI and XhoI cut sites were present (Altschul et al., 1990). The surrouding 

vector sequence was identical to pGEX-4T1 published sequence, and the position i n c i i d  

successful nibcloning into the MCS. 

3.2 Expression and Purification 

IPTG was added to celk transfomied with the pGEX-Pkc53EVI construct, 

resulting in the expression of a GST-PKC53EVl fusion protein. The GST moiety is 

approximately 27kDa, and the PKC peptide is about 4- resul~g in a fusion protein of 

about 3lkDa on SDS-PAGE. The cmesponding anMo acid sequence of the putative 

GST-PKC53EVl fusion protein encoded by the pGEX-Pkc53EVI coI1StTi1ct is shown in 

Figure 33 .  The amino acid sequence in bold corresponds to the PKC53EVI portion, and 

the underiined sequence shows the pseudosubstrate domain. Figure 3.4 shows the 15% 

SDS-PAGE and Westan with anti-GST anbiodies pdormed to test bactena1 lysates, 

immfanned with pGEX-4TI and pGEX-PkcS3EV1, for the presence of the GST and 

GST-PKC53EVl fusion proteins respectively. Lane (1) in both the SDS-PAGE and the 

Western blot, showed a protein of about 271dDa, the predicted size of GST, and Lane (2) in 

both the SDS-PAGE and Western blot, showed a protein of about 3 lkDa, the predicted 

size of GST-PKC53EVI. There appears to be a doublet, which the anti-GST antibodies 

rewgnize. This could be due to partial cleavage of the GST-PKC53EV1 fusion, or due ta 

the usage of alternate translation fkames. 



Figure 3.3: Amino acid sequence of the GST-PKC53EV1 fusion protein. The N- 

tenninal portion, encoduig a protein of approxhately 27kDa, is the GST moiew. The C- 

temimi, in bold fke type, encodes a protein of approximately 4- from the V1 region 

of PKC53E, and the first part of Cl. The underlined portion is îhe putative 

pseudosubstrate domain, which is less conserved fiom the mammdïan isoeflzymes. 



MSPILGYWKIKGLVQPTRLLLEYLEEKYEE 
HLYERDEGDKWRNKKFELGLEFPNLPYYID 
GDVKLTQSMAI IRYIADKHNMLGGCPKERA 
EISMLEGAVLDIRYGVSRIAYSKDFETLKV 
DFLSKLPEMLKMFEDRLCHKTYLNGDHVTH 
PDFMLYDALDWLYMDPMCLDAFPKLVCFK 
KRIEAIPQIDKYLKSSKYIAWPLQGWQATF 
GGGDHPPKSDLVPRGSPEFDPQQQGAEGE 
AVGENICMKSRLRKGALKKKNVFNVKDHC 
F 

Underlined sequence = pseudosubstrate 
domain 
Bold = PKC53EVlICl 



Figure 3.4: SDS-PAGE and Western blot of transformed Ecoli lysates. (A) is a 

Coomassie stained 15% SDS-PAGE with lysates fkom E.coli DHIOB transformed with 

pGEX-4T1 (l), and pGEX-Pkc53EVI (2). @) is the correspondùig Westem blot for the 

gel in (A), using 1:5000 mution of anti-GST antiiodies. Lane (1) is with lysates fkom 

EcoZi DHlOB transfonned with pGEX-4T1, and Lane (2) is with lysates fiom E.cdi 

DH1 OB transformed ~ i i h  pGEX-Pkc53EVI. 





The GST-PKC53EVl fusion protein was then expressed in larger cultures of the 

transfoimed bactena1 snain. The protein was p d e d  by afIinty-colllmn chromatography, 

using a giirtritfiione-coupled slurry, foilowed by elution with remiced giutathione. Figure 

3.5 (A) is a 15% SDS-PAGE showing the washes and eluates as they were collected fiom 

the second column purification. Lane (M) is the high molecular weïght protein marker 

(GibcoBRL). Lane (1) shows the diluted eluates coUected fiom the nrst column 

purification, and Lanes (24) are subseqtent washes coIIected at various times fkom the 

second column purification. Little protein was visualized in Lane (I), as the eluates 

coilected eom the fim purification were dïluted prior to the second purification. Small 

amounts of protein were found in subsequent washes. Lanes (3, (6) and (7) show the 

eluates as coiected fkom the second column pinification, following reduced glutathone 

addition. The eluates obtained were of high purity, as seen by the single band a 

approrrimately 3 lkDa Lane (8) shows the post-wash, when 1 X PBS had been added to 

wash the cohmm afk r  collection of the ie eIuate shown in Lane (7). A &kt band is 

visualized at 3lkDa, indicating tIiere was dl some protein coming off the column when 

the wash buffer was added. The eluates were then checked by a Westem blot using anti- 

GST antibodies, and one sample is shown in Figure 3.5 (B). 

3.3 Thrombin Cleavage 

The purified GST-PKCS3EVl fusion protein was ais0 checked by thrombin 

cleavage to ensure the GST and thrombin cleavage sites had been comctly encoded. 

Figure 3.6 shows a 20% SDS-PAGE and conespondmg Westem blot of the fusion protein 

before and a f k  cleavage. Lane is the marker lane, with the high molecular weight 

protein marker (GiicoBRL). Lane (1) is the GST-PKC53EV1 fusion protein prior to 



Figure 3.5: SDS-PAGE with samples fkom GST-PKC53EVl protein purification (A). 

Also shown is a Westem blot to O2ug eluate with a 1:2500 dilution of anti-GST anticbodies 

(B). Samples were wllected during ~ t y - c o l u r ~  pufification, and LW of each were 

nin on a 15% SDS-PAGE. Lane (M) is a high rnolecular weight protein marker 

(GiicoBRL). The Laue (1) shows the diluted ebte  collecîed nom the fint column 

purification, and after applying to the column for a second purification, Lanes (2-4) show 

fractions nom subsequent washes. Lanes (5, 6 and 7) are eluates as colIected off of the 

column fiom the second purification, immediately after the addition of reduced glutathione. 

Lane (8) is a post-wash hction, collected after the third eluate. 





Figure 3.6: SDS-PAGE and Westem blot of GST-PKC53EVl fusion protein cleaved 

with thrombin. (A) is a 20% SDS-PAGE showing GST-PKC53EVl fusion before and 

after cleavage with thrombin. Lane @d) is the high molecular weight protein d e r  

(GibcoBRL). Lane (1) is 0.5ug protein prior to cleavage, and Lane (2) is 5ug protein afkr 

cleavage. (B) is the conespondhg Western Mot with 12500 dilution anti-GST antibodies. 

Lane (1) is the fusion protein @or to incubation with thrombin, and Lane (2) is the fusion 

protein after incubation with tlirombin. 





incubation with thrombin, and Lane (2) is the fusion protein after incubation with 

tbrombin. A band at approximateiy 3 lkDa is show ia Laue (1) prior to cleavage, and after 

cleavage, a band of 27kDa is visualized, shom in Lane (2). As shown in Lane (2), not a l l  

of the protein was successfidiy cleaved. AnMST anbcbodies were utilized in the Westem 

Hot, and recognized both the fusion protein before and after cleavage as shown in Lanes 

(1) and (2) respectiveiy. 

3.4 Polyclonal Antibodies 

The purified GST-PKC53EVl fusion protein was then used as an antigen to 

generate polyclonal antiiodies in New Zealand female white rabbis. They were bled prior 

to starring injections, and this pre-immune antisexa was used in Westem blots with D. 

meZànoglt~ter extracts and the antigen to ensure no or ]ide cross reactiviis, during the 

experiments paformed tbroughout this project. An immune response was seen after the 

f h t  booster injection, and the antigen was detected with a 1: 1000 dilution of anti- 

PKC53E1 and anti-PKC53E2 antisera (rabbits 1 and 2, respectively) afkr only two 

injections. D. melanogaster extracts were also immiinoblotted with these antisera, but little 

protein was detectable at this thne. After the fourth injection, 0.02ug antigen was 

detectable on a Westem blot, using a 1: 10000 dilution of aTlfi-PKC53E1 antisera. The first 

rabbit gave a be&er signal than the second, so it was bled out, and a fïfth injection was 

given to the second rabbit, and subsequently bled out Anti-PKC53El antisera, were used 

for al l  Westem blots, immunoprecipitatiom, and immmohistochemical analyses. 

3.5 Protein Extraction 

A variety of extraction procedures was attempted in -der to achieve a PKC-rich 

extract lkom D. meZamgaster tissues. Fi- 3.7 shows an example of a PKC-rich extract 

obtained ftomaduit heads on 8% SDS-PAGE (A). Westem blots (B) were perfbmed on 



Figure 3.7: SDS-PAGE and Westem blot with O. tlfelmgarter head extracts. (A) is 

an 8% SDS-PAGE stained with Coomassie, showing the proteins obtained using a PKC- 

nch extraction procedure wirh adult heads. Lane (M) is the hi& molecular weight protein 

d e r  (GibcoBRL), and the adjacent lane shows -2Oug of proteins &om head extracts. 

Western blots (B) to O.Oîug antigen (l), with a 15000 dilution of anti-PKC53El antisera, 

and to 20ug D. melanogasrer head extract with a 15000 di1ution of anti-PKC53El antisera 

preiacubated with 10-20ug antigen (2). Western blots to 20ug D. m Z m ~  head 

exnacts with a 1:5000 dilution of preinnnune amisenmi (3) and with a 15000 dilution of 

anti-PKC53El aatisera preincubated with 10-2ûug GST protein (4). Western blots were 

also perfomed to 20ug D. mellmroga~ter head extracts with a 1:5000 dilution of anri- 

PKC53E 1 antisera (5). 
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antigen (l), and D. llzehogastw head extracts, using &er mti-PKC53El antisera 

preincubated with antigen (2), preimmme anthera (3), anti-PKCS3El antisaa 

preincubated with GST (4) or anti-PKC53El antisera (5). The Westem blot (5) shown in 

Figure 3.7 (B), resulted in the detection of a band of approximately 75kDa with a PKC-nch 

extraction procedure, using EGTAEDTA, and Triton X-100 in the extraaion buffer. Other 

extraction procedures that were attempted resulted in liale or no detection of this 75kDa 

b d  Ifeither Triton X-100, EGTA, or EDTA were not included in the extraction buffer, 

the 75kDa band would either decrease in intensity, or disappear. The combination of these 

redts suggests the specific detection of a 75kDa protein with the anti-PKCS3El antisera, 

due to detection of PKC53E epitopes. Figure 3.8 shows the resultant PKC-nch extracts 

obtained nom a variety of D. melmiogacler tissues and developmental stages. These 

extracts were subjected to 10% SDS-PAGE, and were obtained fkom ad& tissues such as 

ovaries and testes, and developmental stages such as embryos, lawae, and pupae. 

3.6 Immunoprecipitations 

Tmmunoprecïpitaîions were perfomied by incubating D. llfeZanogarter adult head 

extracts with anti-PKCS3El antisera and protein-A agarose. This was followed by 

electrophoresis of protein bound to the protein-A beads on a 10% SDS-PAGE, and 

Western blotting using ad-PKCaSy antisera, Figure 3.9. This commerciaUy available 

polyclonal aatisenmi was raised against a 19-36 pseudosubsmte peptide which is highly 

conserved among the classicai PKC isoenymes. UnfortunateIy, it was derived nom 

sepence for the xnarm&an isoenzymes, and although there are some similririties in the 

conserved regions with D. tnellcmogas@r isoe~lzymes, there was stiil some variance in the 

sequence. A Westem blot with mti-PKCS3El antisaa and antigen is shown in Figure 3.9 

(1). Also shown is a conlrol (2), where anti-PKC53El antisera were used to 
. . 

immiuioprecrpitate the antigen, and a Western blot was performed using anti-fKC53Eî 



Figure 3.8: SDS-PAGE with PKC-rich D. m e l m i o g m  extracts. PKC-nch extraas 

were obtained fiom mirent D. meImwgasfer tissues and developmental stages and 

subjected to 10% SDS-PAGE and subsequently stained with Coomassie Blue. Shown in 

Lane @id) is the high molecular weight protein marker (GibcoBRL), and in Lane (1) is 2ug 

antigen. Lane (2) shows proteins fiom adult head extracts, and Lane (3) shows proteins 

fkom ovaries. Lane (4) is from testes, Lane (5) is fkom 2-4 hour old embryos, Lane (6) is 

from 2nd instar iarvae, Laue (7) is fkom 3rd instar larvae, and Laue (8) is from eye (tan) 

pupae. Concentrations of 20-4Oug proteindweil were nin on SDS gels for M e r  West= 

blot anaiyses although concentrations of proteins fkom testes were consisrently Iowa ;it 

lûug/well. All gels used for Western blot andyses were tramferreci to nitroceUulose, and 

the membranes were checked with Ponceau S stain to enswe successful transfer. 





Figure 3.9: Western blots of antigen and immunoprecipitations. Western blot (1) 

shows 0.02ug antigen detected With a 15000 dilution of anti-PKC53El antisera. Western 

blot (2) shows 5ug antigen immirnoprepitated with anti-PKC53El antisera, and detected 

with a 1:5000 dilution of anti-PKC53E2 antisera. Western blot (3) shows PKC53E 

immiinoprecipitated from 50ug adult head extract with anti-PKC53El aatisaa, and detected 

with anti-PKCapy anticbodies (GibcoBRL). Western blot (4) to 20ug addt head extract 

with anti-PKCapy antibodies (GibcoBRL). 
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antisera Some bands are apparent in the 75kDa size region, in the Westan blot (3) on 

head extract immiinaprecip- with anti-PKC53El antisera, and detected with anti- 

PKCafIy antisera. A Westem blot to D. me[mogasrer head extracts with anti-PKCapy 

antisera done (4) d t e d  in the detection of faint bands in the 70-80kDa site range. This 

was expecied due to homology in this secpence with the inaC isoenzyme, as shown in 

Figure 1.7. 

PKC assays were perfonned on D. melmoganer adult head extract protàns 

immunoprecipitated with the anti-PKC53El antisera. The negative controls, using the 

pseudosubstrate peptide as a conpetitive inhibitor, fSfa to result in any significant 

Merence in the incorporaîed r;tdioaCtivÏty (&ta not shown). 

3.7 Western Blots with Anti-PKC53El Antisera 

PKC-rich extracts were obtained kom whole addt male and female flles, ovaries 

and testes. These extracts were electrophoresed on a 10% SDS gel with PKC-rich head 

extram, and a Western was perfomed with anti-PKC53El antisera. The results are 

s h o w  in Figure 3.1 O (A). Lane (1) is with proteins exmcted fkom whole adult males, and 

Lane (2) is with proteins fkom whole addt fernales. Faint bands were apparent in the 

75kDa region, and these were consistent when subject to controls. Westem blots to 

extracts from whole males and fernales with preimmiuie antiserum and anti-PKC53El 

antisera subjected to an antigen block, are shown in (B). (A) Lane (3) is with extracts fiom 

adult heads, and the 75kDa band was predominant. Controls shown in Figure 3.7, 

indicated this band was specinc to the anti-PKC53El &sera. Two bands of higher 

moiecuiar weight (80-95kDa) were visible; howeva; these only appeared afta prolonged 

exposure. These bands were no longer visi'bIe afkr afIinity-purifying the anti-PKC53El 

antisera, as descricbed in section 3.8. (A) Lane (4) is with extracts fkom testes, and no 



Figure 3.10: Westem blots with various PKC-rich extracts obtained from adult D. 

melanogmer tissues. (A) shows a Western blot with a 15000 dilution of anti-PKC53El 

antisera. Lane (1) is with 20-40ug extracts obtained fkom whole adult males, and Lane (2) 

is with 2040ug extracts obtained fiom whole ad& females. Lane (3) is with 20ug exhacts 

nom adult heads. Lane (4) is with 1 h g  extracts fiom testes, and Laue (5) is with 20-40ug 

extracts Born ovaries. Shown in (B) are controls with Westem blots to the same exaacts 

used in (A) with a 1:5000 dilution of preimnnme antisera, and anti-PKC53El antisera 

preincubated with 10-20ug antigen, respectively. Westem blots to extracts fkom whole 

adult males are show in (1) ami (2), to extracts fiom whole addt females are shown in (3) 

and (4), to emcts fbm testes are shown in (5) and (6), and t* extracts fiom ovaries are 

shown in (7) and (8). 





bands in the 75k.a size range were detectable. Two bands of higher molecular weight 

(80-95kDa) were visible, but controk suggest they were not specinc to the anti-PKC53El 

antisera. Western blots to extmts from testes with preimmune antisenun and ami- 

PKC53E1 antisera subjected to antigen block, are shown in (B). (A) Laue (5 )  contains 

extracts nom o v e  and a very faint band in the 75kDa size region was visible as well as 

the two bands of higher molecular weight (80-95kDa). The 75kDa band was not always 

consistent when subject to cmtmls, and it remains inconclusive as to whether or not it is 

specifically recognized by the anti-PKCS3El antisera. Western blots to exttacts ftom 

ovaries with preimmune antisaum and anti-PKC53El antisera subjected to an antigen 

block, are shown in (B). The two bands of higher molecular weight did not appear to be 

specific to the antisera recognizing the PKC epitopes. 

Westem blots were performed to pupd extmcts with anUi-PKC53El antisem As 

show in Figure 3.11 (A), a band at approxknately 70Ha wai apparent in Lane (l), with 

proteins h m  pqal  extracts. Lane (2) shows the 75kDa band, with proteins from whole 

adult fernale extracts. A smaUer band was also visible in Lane (2), and this was most likely 

due to dêgrâdâti~n~ S d e r  bands were oRen visualized after an extract had been stored 

for a prolonged length of t h e .  Fiame 3.1 1 (B) has identical k e s  of protein extracts, 

however the anti-PKC53El antisera had been preincubated with antigen prior to incubating 

with the blot. The bands were no longer visible, suppoaing specificity to the anti- 

PKC53E1 antisera. 

Western blots were also p d o d  with bovine PKCaPy isoenzyme, and a 1:2500 

dilution of anti-PKCS3El antisera. Bands were not visible a f k  prolonged deteaion (dm 

not shown). As mentioned before, t h e  is some variance in seqpence between isoenzymes 

in the consmed regions, and high variance in sequence between isoenzymes (and species) 

in the variable regions. 



Figure 3.1 1: Westem blots with PKC-rich extracts fiom D. mlanogaster pupae and 

f e d e s .  Westem blots were p&ormed using a 15000 dilution of anti-PKCS3E 1 antisera 

with PKC-rich extracts obtaiued fkom D. nzelanogas~~- tan (eye) pupae, and whole amit 

f e d e s .  Western blot (A) has 20-40ug pupal extracts in Lane (l), and 20-40ug f d e  

exaacts in Lane (2). Westan blot (B) has the same extracts in Lanes (1) and (2), however, 

the ad-PKC53E l antisera were preincubated with 1 0-2ûug antigen. 
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3.8 Affinity-Purification of Antîsera 

Anti-PKC53El antisera were affinity pirrined using the bIot-aff?nity purification 

procedure, in an attempt to reduce some of the cross-reacting bands. Figure 3.12 shows 

the resulting Western blots using a£finity-punfied anti-PKC53El antisera to detect proteins 

f?om adult head exnacts. Blot (1) shows the -3 lkDa antigen recognized by the e t y -  

purified anti-PKC53El antiserê Proteins fkom adult head extracts were used in the 

adjacent blots, and no bands were visiile in the Blot (2), when the anti-PKC53El antisaa 

had been previously preincubated with antigen. The 75kDa band was visible in Westem 

blot (3), when the anti-PKC53El antisaa had been preincubated with GST protein. The 

75kDa band was also visible in Western blot (4), with anti-PKC53El antisera. 

3.9 Developmental Western BIots 

Utilizing the same PKC-rich extraction procedure as with adult heads, proteins 

were emacted fkomD. melanogaster diiring various stages of development in an attempt to 

elucidate when protein is first detectable. Figure 3.13 shows Western blots, uskg a 1:25 

dilution of aff'rnity-prncified anti-PKC53El antisera, with extracts ftom lst, Figure 3.13 

(A), 2nd, Figure 3.13 (B), and 3rd, Figure 3.13 (C), larval instars . In these Westem 

blots, a band of 75kDa was apparent, although the htensity of the signal varied (Figure 

3.13 (Al), pl), and (Cl)). Also shown in Figure 3.13, are Westem blots with the same 

extracts; however, the ety-pinined mti-PKC53El antisenim was preincubaîed with 

antigen. In these, the band is no longer apparent (Figure 3.13 (AZ), @2), and (C2)). 

Figure 3.14 show Westem blots using a 1% diidilon of atfinty-pufifieci anti-PKC53El 

antisera with extracts f?om early (white), Figure 3.14 (A), eye (tan), Figure 3.14 (B), and 

late (dark), Figure 3.14 (C), pupae. h these Westem blots, a band of a p p m ~ l y  

70kDa was apparent in the early, Figure 3.14 (Al), and eye, Figure 3.14 (Bl), pupae, 

however in the late, Figure 3.14 (Cl), pupae, the band seemed to shift, and a larger band 



Figure 3.12: Western blots with aff?nity-pinrified anti-PKC53E 1 antisera on PKC-nch 

extracts fiomD. melanogaster heads. Blot-afkity p&ed anti-PKCS3El were used at a 

dilution of 150. Western blot (1) is with 0.02ug antigen. Westem blot (2) is with 2Oug 

PKC-rich extracts obtained fkm D. meZmoga~rw amult heads, with affinity-purified an& 

PKC53E1 antisera preincubated with 10-20ug antigen. Western blot (3) is with 20ug of 

the same head however, the anti-PKC53El antisem was preincubated with 10- 

2- GST protein. Western blot (4) is with 20ug of the same head extract. 
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Figure 3.13: Western blots with PKC-rich extracts fiom D. mehogaster larvae. Blot- 

affinity puTifieci anti-PKC53El antisaa were used at a dilution of 1:25. Western blots (A) 

to 20-40ug 1st instar b a l  extracts (1) and to the same extracts with aflhity-purified 

antisera preincubated with 10-20ug antigen (2). Western blots (B) to 20-40ug 2nd instar 

b a l  extracts (1) and to the same extracts with affinity-purifiai anti-PKC53El &sera 

preincubated with 10-20ug antigen (2). Western blots (C) to 20-40ug 3rd instar b a l  

extracts (l), and to the same extracts with affinity-purifid anti-PKC53El antisera 

preincubated with 1 O-20ug antigen (2). 
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Figure 3.1 4: Western blots with PKC-rich extracts fkom D. melmogaster pupae. Blot- 

aflWty purifiecl anti-PKC53EI a n t i s a a  were used at a dilution of 1:25. Western blots (A) 

to 20-40ug white (early) pupal extracts (1) and to the same extract with &ty-purifieci. 

anti-PKC53El antisera prehcubated with 10-20ug antigen (2). Western Mots (B) to 20- 

40ug *m (eye) pupal emacts (l), and to the same extract with affînity-purSed anti- 

PKC53E1 antisera preincubated with 10-20ug antigen (2). Westexn bhts (C) to 20-4ûug 

dark (late) pupd extract (1), and to the same smrict with affiinity-purified anti-PKC53El 

amisera preincubated with 10-2ûug antigen (2). 
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ais0 became apparent. Also shown in Fimiire 3.14, are Western blots with the same 

extram, however the affinity-puflfjied anti-PKC53El antisera were preincubated with 

antigen (Figure 3.14 (M), (B2), and (C2)). The bands were no longer visible in any of 

the extractS. 

3.10 Immnnohistochemistry 

Immirnohistochemid studies were perfonned on D. m e l a n o g ~  ovanes, testes, 

numerous stages of embyos, 3rd instar h a 1  brains, 3rd instar divary glands, cryostat 

sectioned larvae, and qostat sectioned adults. The studies on ovaries and testes were 

inconclusive, k it was rtiffidt to detemMe whether the signal was specific, due to high 

cross reactivw with secondary antisera (data not shown). Embryos d e r  than stage 12, 

also failed to result in a specific signal. Figure 3.15 shows the colorimeQic 

irnmunohistochernical staining visualized in stage 12 embryos. Controls were pafomed 

wiîh preimmune antisera (A), and wiihout anti-PKCS3El antisera (&ta not shown). Anti- 

PKC53E1 antisennn was used for coIorimetric staining of embryos with anti-rabbit AP 

secondary antiiodies, shown in (B). In these developing embryos, specific signal was 

seen associated with cell clusters in a Symrnetfical pattern running the lena of the embryo 

and into the anterior portion. In cornparison with an embryo stained for motor neurons, 

which lie in close association with the CNS, it appeared as though these clusters were most 

iikely in the developing CNS. In the developing head region, srnall clusters of staining 

were also obsewed. This staining was not visualized when negaîive contrds were 

paformed. Embryos were ais0 visualized with immiinofluorescence. Controis were 

perfimned without anti-PKC53El antisera, with anti-rabbit biotin, and with streptavidin- 

Texas Red (C). The same conditions were used with anti-PKC53El antisera (D). 

Segmentally-specific staining was visualized, which could be due to the fannation of &y 

nervous tissues. Stage 14-16 embryos were stained with immiinofluarescence using 



Figure 3-15: Tmmyohistochemical m g  of stage 12 embryos fiom D. mIanogasteraSter 

Ernbryos were visuaxized with fluorescence microscopy or üght microscopy at a 

magnincation of 4OOX. Embryos were dected and stained after incubation with a 1500 

dilution of anti-PKC53El antisera, a 1:30 dilution of anti-motor neuron antisera, without 

anti-PKC53EI antisera, or with a 1500 dilution of preimmune antisera &lier stages 

failed to reSuIt in deteaion of signaL Panel (A) îs an embryo stained colorimetndy, &er 

incubation with preirnmune anthdies, and a 1:2000 dilution of secondary anti-rabbit AP- 

conjugated antibodies. Panel (B) is an embryo stained coIorimetrically, with anti- 

PKC53E1 antisera and a 1:2000 dilution of seconClary anti-rabbit APanjugated 

antiiodies. The arrow points to the staining seen in a very small subset of cek in the 

developing CNS regions. These ceil clusters ftmn a pattan ninning the length of the 

embryo and &O the anterior partion, or head region. Panel (C) is an embryo without anti- 

PKC53E1 antisera, and incubatecl with a 1 :2000 dilution of anti-rabbit biotin-conjugaîed 

antisera and a 1:1000 dilution of Texas Red-streptavidin. Panel @) is an embryo stained 

and visualized after incubation with a 1500 dilution of anti-PKC53El antisera. The arrow 

points to segmentally specific staining. Panel (E) is a stage 14-16 embryo incubated with 

monoclonal anti-motor neuron antisera, followed by a 1: 1000 dilution of secondary mouse 

Texas Red-conjugated antisem The arrow points to the motor neurons f m d  adjacent to 

the W. 





mouse monoclonal anticbodies to a proiein specincally found in motor neurons (E). 

Secondary anti-moue Texas Redconjugatd antisera wae used, and the embryos were 

subsequently vi&d by fluorescence microscopy. The staining shows the outhe of the 

develaping cenirai nervous system, as the motor neurons nui adjacent to the CNS celis. 

rmmilnofluorescence of 3rd larval instar brains is show11 in Figure 3.16. Optic lobes and 

ventral ganglia were incubateci with anti-PKC53El antisera (B,D), and controls were 

performed without anti-PKC53El antisera (A,C). The optic lobes displayed staining m 

concentric circles, with bands of staining in the centre, and not on either side @). This is 

indicative of CNS staining. The ventral ganglion also showed CNS staining, as visualized 

by ubiquitous staining, and the punctate pattems ninning dong the length of the ganglion 

@). Unfortunately, when controls were performed, it was Hdt to detexmine whether 

this staining was specinc, due to the high leveis of background (A,C). There was a lot of 

cross reactivity with the secondary aatisera, and controls with pïmmme antisaa gave the 

same result as with only secondary antisera. Figure 3.17 shows immiinofluorescence of 

3rd larvd instar salivary glands dissected just prior to pupanation. Afnnty-purified anti- 

PKC53E1 antisera were used, with secon* anti-rabbit biotin antisera, and streptavidin- 

TR (C). Controls were perfomed without anti-PKC53El &sera (A), or with anti- 

PKC53E1 antisera that had been preincubated with antigen (B). These tissues showed 

unique staining, as seen by locaümtion to the nuclei of the tells. The pattern seems to be 

pmctate, and it is diflicult to discern whether the staining is associated with the nuclear 

envelope or whetha it is intanal. Since the staimng does not result in the appearance of 

rims, the staining is more likely intemal. 



Figure 3.16: Tmmunofiuorescence with D. m e l r o g e  3rd b a l  instar brains. AU 

whole mounts were visualized with fluorescence microscopy at a mllmiification of 400X, 

after incubation with a 1:2000 dilution of secondary anti-rabbit biosin-conjugated antisera 

and a 1:1000 diluiion of streptavidin-Texas Red. Panel (A) shows an optic lobe without 

the addition of anti-PKC53El antisera Panel (B) shows an optic lobe visualized after 

preincubation with a 1:500 dilution of anti-PKCUEl antisera. An mow points to staining 

foilowing the p a m  of a concen~c ring around the mid-portion of the lobe. Panel (C) is a 

ventral ganglion without pnor incubation with anti-PKC53El antisera Panel @) is the 

ventral gangLion visualized after incubation with a 1500 dilution of anti-PKC53El antisera. 

An arrow points to staining in a distinct punctate pattem ninning paralle1 to the length of the 

ganglion. A punctate pattern of staining also nuis through the miche pomon of the 

ganglion, although this was aIso sometimes seen in the controls. 





Figure 3.17: Immunofluorescence of salivary glands fkom D. meIanogm#r late 3rd 

iarvai instars. Salivary glands were visuallzed with fluorescence microscopy at a 

magnincation of 400X, after incubation with a 1:2000 dilution of secondary anticrabbit 

biotin-conjugated antisera and a 1:1000 dilution of streptavidin-Texas Red. Panel (A) 

shows salivary glands without âfnnity-pmîfied anti-PKC53E1 antisem Panel (B) shows 

salivary glands visualized after incubation with mty-purif ieci  anti-PKC53El antisera 

preincubated with 50ug antigen. Panel (C) shows the staining of saiivary glands afta 

incubation with a 1 :5 dilution of affinity-pufified anti-PKCS3El antisem An arrow points 

to staining visualiized at the nuclei, in a punctate pattern. 





Chapter 4 

Discussion 

4.1 Cloaing 

A GST-PKC53EVl fusion protein was made by subc1onÏng part of PkcS3E, wwhich 

encodes V1 and the first part of Cl, into pGEX-4T1. This pomon of the protein is mique 

to PKC53E, as shown in the amino acid secpence cornparison between the D. 

meIanoga~ter PKC isoenzymes in Figure 1.7, and contains the pseudosubstrate domain. 

PCR was used to ampl@ an 80bp PRc53E fiagrnent nom genomic DNA, with cut sites 

designed for directional subcloning in fhme into the pGEX-4T1 vector, as shown in 

Figure 22. Figures 3.1, and 3.2 show the results of PCR, and the PCR s e n  that was 

used to check successfully transformed colonies, respectively. Figure 2.1 shows the 

coxresponduig plasmid map of the fusion construc% pGEX-Pkc53EVI. Figure 3.3 shows 

the amino acid sequence of the GST-PKC53EV1 fusion protein. The entire fusion protein 

was used as an antigen for generaiing polyclonal a n t i i e s  as will be discussed later. A 

protein of at least 20kDa is desirabIe for eliciting an antigenic response, and due to the 

small size of the PKC53E peptide, it was more advantageous to retain the GST moiety. 

4.2 Protein Expression, Purification, and Generation of Poly clonal 

Antibodles 

The GST-PKC53EV1 fusion protein was expressed in E. coli DHlOB ceils, by 

induction with the iactose analogue IPTG. Figure 3.4 shows the GST-PKC53EV1 fusion 

proiein redting fkom induction of the pGEX-Pk53EVI construct, in comparison to the 

GST protein resulting fiom induction of pGEX-4T1. The size of GST is 27kDa, and the 

GST-PKC53EV1 fusion protein is about 3 lkDa Anti-GST antibodies were used for the 

Western blot in Figure 3.4. Thae appeared to be a doublet in the lane with the GST- 



PKC53EVI fusion protein, which is most likely due to endogenous cleavage (Pharmacia). 

The GST-PKC53EV1 protein was then purified by afnnisr-column chomatography using 

a glutathione-coupled Sepharose 4B column. GST bas a binding site for giutathione, 

which is advamgeous for p-g GST fusion proteins (Pharmscia). The GST moiety 

binds the column via glutathione, and is then eluted with reduced gluîathione (Phamacia). 

Figure 3.5 shows the SDS-PAGE correspondhg to the rd t ing  protein eluates colIected 

âom a second column purification. As shown in Figure 3.6, when the GST-PKC53EV1 

fusion protein was cleaved by thrombin, the 3 l k . a  protein prior to cleavage, and die 

resulting 27kDa protein were recognized by anti-GST antiiodies. A concentration of 

approximaely ImghiL was achieved after protein purification, and this pinineci protein 

was used as an antigen for generating polyclonal antibodies in rabbits. A high antibody 

titre was achieved after the second boom.  After four injections, the fia rabbit was bled, 

and anti-PKC53E 1 antisera used in various Western and immunohistochemical analyses. 

4.3 Tissue Extracts, Western Blots and Tmmunoprecipitations 

The predicted size of PKC53E is 75- as postulated by the open reading fmne 

from the 3.2kb cDNA cloned by Rosenthal et al. (1987). As shown in Figure 3.7, a 

predominant band of approrritnately 75kDa was consistently visualized on Western blots 

with proteins fkom D. melanogaster head extracts. PKC-rich extracts were obtained using 

a procedure for the classical PKC isoenymes, which included the use of ~a2+-chelators 

such as EDTA and EGTA, as welI as membrafle solubilin'ng detergents such as Triton X- 

100, in the buffer (Epand, 1994; GibcoBRL). This provides evidence that the putative 

open reading fiame for PKC53E encodes a PKC with properties siniilar to the classical 

PKC isoenzymes, which are both ~ a 2 +  and phospholipiddependent. This procedure was 

also used to obtain PKC-rich extmcts fkom various tissues and develapmental stages from 

D. melmogaster, as shown in Figure 3.8. 



Immunoprecipitations were perfomed using anti-PKC53El antisera with PKC-rich 

addt head extractS. The immim~precipitations were electiophoresed on SDS gels and 

transferred to nitrocellulose, for detection with anti-PKCapy antisera (GibcoBRL). As 

shown in Figure 3.9, a band of approximateiy 75kDa was visualized, however, other 

bands were also apparent. This was most likely due to non-specific binding of proteins 

during the immiinoprecipitation step, or cross-reactiivity with inaC. Westem bfots 

pafomed on adult head emcts using the appropriate diluîion of anti-PKCaB antisera 

resulted in the faint detection of several bands in the 70-8OkDa size range, show in Figure 

3.9. This was expected, given the amino acid sequence i&ntity in the pseudosubstrate 

domain between the PKC53E and inaC isoenzymes, a s  shown in Figure 1.6. The a d -  

PKCey antisera were raised against a pseudosubstrate peptide (19-36) fiom the chsical 

mammniian isoenzymes. Although there is some amino acid sequence homology to the D. 

melunogasrer PKC53E and inaC isoenzymes, there is some sequence variance, and a 

strong detection was not expected. Westem blots and immunoprecipitations were also 

pdormed using bovine classical PKCaPy isoenzymes, with mti-PKC53E antisera, and 

anti-PKCafky antisera (data not shown). The anîigen used to generate anti-PKC53E 

antisera, shown in Figure 3.3, was unique to PKC53E, and has fow amino acid sequence 

simiMy to m?rmmaiian PKC isoenzymes. Although parc of this antigen includes the 

pseudosubstrate domain, the diversity in this region, and in the surrouding sequence, 

would still make it diniculr to detect atha PKC isoenzymes (Rosenthal et al., 1987; 

Schaeffer et al., 1989). This açbually supports the ab- of the antibodies to detect 

PKC53E specifically. 

PKC assays were pexformed on immiinoprecipitated proteins obtained k m  PKC- 

rich adult head extrac@ incubated with anti-PKCS3El antisera. 'Ihe pseudosubsmte 

peptide, which is used as a competitive inhiitor to aüow for negaiive controls in PKC 

assays, faied to result in a deam& signal (data not shown). Che of the reasons this 



assay faüed to work could be due to the nature of die anti-PKC53El antisera, which 

recognire epitopes in the pseudosubstcate domain. If they bound to this portion of 

PKC53E, during the immunop-iMon procedure, it could render the protein 

constitutively active, preventing it &om being susceptiIbIe to inhibition. Previous studies 

have shown similar resuits, where incubation of PKC isoenzymes with antisera to the 

pseudosubstrate do- resulted in activation, by causing the pseudosubstrate domain to 

dissociate fiom the substrate/kinase domain (Newton, 1995). 

4.4 Western Blot Analyses 

Multiple PRc53E transcripts have b e n  visualized in whole ad&, adult heads, 

adult gonads, and various kirval and pupal stages through a variety of RNA analyses 

(Rosenthal et al., 1987, Schaeffer et al., 1989, Natesan, 1991, Hughes, 1993, Nutîer, 

pers. cormil). At least five différent aanscripts have been visualized by Northem analyses 

as shown in Table 1.1. Adult heads have three aanscripts of 4.3, 4.0 and 2.4kb, adult 

gonads have a predominant m c r i p t  of 2.4kb, pupae have three transcrîpts of 4.3, 4.0 

and 2.4kb, which Vary in proportion according to stage, and larvae have m c r i p t s  of 4.3, 

3.4 and 3.0kb, which also alter in proportion accmding to stage. Recent RNAse protection 

assays, RT-PCR, and 3' and 5' RACE suggea both the use of alternative promoters and 

alternative spiicing in the untranslated region upstream of the ORF (Nutter, pers. comrn.) . 
The 4.3 and 4.0kb transcripts appeâr to have intron 1 spliced in, and are larger than the 

original cDNA clone of 3.2kb (Rosenthal et al., 1987; Nutter, pers. comm). This original 

cDNA was derived fiom two overhpping clones, using a bovine Pkca probe with a D. 

nrelrmogmer H A  hcbrary derived Born ernbxyos, pupae anci adults @osenthal et al., 

1987). The use of dtemaîive promoters couid result in the production of dtiple 

transcripts, and account for size differences. The 3.4 and 3.0kb transcripts are close in size 

to that predicted by Rosenthai et al. (1987), when the cDNA was nrst characterized, The 



2.4kb transcript does not contain the est intron, and it appears that this traascript is not 

polyadenylated in testes mutter, pers. comm.). Given the diffaence between total RNA, 

and poly(~)f-selected RNA, some of the 2.4kb tmmcript found in ovaries is also not 

polyadenylated (Nutter, pers. comm). 

A series of Westem blot analyses was perfomed with PKC-rich extmts obtained 

from whole adults, addt heads, and gonads, using the polyclonal antiiodies raised against 

PKC53E, as shown in Figure 3.10. A predohant band of 75kDa was visualized with 

adult head emcts ,  and extracts fiom whole ad*. However, a 75kDa band was not 

visualized with extrans fkom testes, and a fàint 75kDa band was visualized with ewacts 

from ovaries. Two bands of higher molecular weight (80-95kDa), were seen with exnaas 

fkom heads, ovaries and testes. Controls with preimmune antisera and antigen blocked 

anti-PKC53El antisera, suggest these two bands are not specific to anti-PKC53El 

antisera. The 75kDa band from ov&es was not consistent, suggesting possible 

contamination fiom head emcts. Another possibility is that protein levels are low, or vary 

with age. The intensity of the 75kDa band was very low in whole adults in cornparison to 

adult heads, suggesting the protein is expressed primarily in adult heads. The detection of 

one specific band at 75kDa, suggests that despite the presence of multipli transcripts, only 

one PKC53E isoenzyme is present. If otha PKC53E isofoms exist, rhey lack the 

epitopes recognizable by the anti-PKC53El antisem The 4.3 and 4.0kb tcanscripts couid 

encode the 75kDa protein visualized predominantly in adult heads, and the 2.4kb transcript 

may encode another isoenzyme (Rosenthal et al., 1987; Natesan, 199 1; Hughes, 1993). 

This would explain the failme to detect signifiant ammts of protein in ovaries. The 

2.4kb transcript in testes is not polyadenylated, which couid explain the iack of detectable 

levek of protein @utter, pers. corn).  It is also possible that the polyadenylated 2.4kb 

transaipt in ov& is not stable, and is not able to encode significant amounts of protein. 

The reason for this is not clear, perhaps the 2.4kb transcript is poLyadenylated at a different 



site, which lowers its stability. There is evidence to suggest there are two polyadenylation 

sites within 20bp of each other, and although the use of one over the other wouid not affect 

size, it could affect stabiiity. The hi& level of PKC53E expression in adult heads miply it 

plays an important role in maintenance, or in the general operation of the C N S ,  and 

associated tissues. Potential roles for PKC53E in the nenrous system wilI be discussed 

later in this chapter. in situ hybridizations to cryostat sections of acNt heads showed the 

PKC98E isoepyme is &O present in neural tissues, and there could also be some 

redundancy between the isoenymes (Schaeffer et al., 1989). 

Western blots were perfonned with extracrs fiom tan (eye) pupae, using an& 

PKC53E1 antisera, as shown in Figure 3.11. A srnaller band of approximately 70kDa was 

visualized with tan (eye) pupai extram. A Western blot was perfonned with adult whole 

f d e  emcts for comparison, and the 75kDa band was detectable. Further RNA 

analyses have not been perfonned with pupae, larvae or emblyos, and these different shed 

isofoms codd result fkom developmental-spdc alternative splicing. The 4.3kb 

transcript is predominizntiy expressed during the tan (eye) pupal stage, m a h g  it a 

candidate for the m c n p t  encoding the 70kDa isoenzyme visualized at this t h e  (Natesan, 

199 1 ; Hughes, 1993). However, the 4.3kb transcript is also fond in other tissues, which 

do not encode an isoenzyme of this size. This suggests there are post-translational 

mechanisms which may alter the isoenzyme. PKC isoemymes have immature fomx, prior 

to phosphorylation of key residues, which can have moiecular weights up to SkDa lowa 

than their mature forms (Newton, 1995). Perhaps the PKC kinase responsible for initial 

phosphorylaîion of PKC53E is not expressed, or is not active, during the white (eariy) and 

tan (eye) pupal stages, preventing mature fomis of the protein h m  being formed This 

wouid render the protein inactive during these stages, suggesting the protein plays one or 

more important developmentally-sppecinc roles. 



Anti-PKC53El antisera were blot-affinity purifie& and Figure 3.12 shows the 

redting Westem blots utikhg a 150 dilution of this antisem with PKC-rkh adult head 

extractS. The 75kDa band was detectable, and this band was still visualized when the 

aaaity-pinified antiiodies were preîncubated with GST protein. Westem blots ushg this 

blot-affinity p w e d  anti-PKCS3El antisera on proteins fkom Iarval and pupal extracts, 

showed a differential pattern of PKC53E expression. Although consistent signals wae not 

obtained by Western blot analyses of protein extracts h m  various embryonic stages, 

PKC53E was detectable in stage 12 embryos by immiinohistochemical analyses, and will 

be discussed later. 

A 75kDa protein was detectable throughout h a l  development, with affinity- 

purifïed anti-PKC53El antisera, as shown in Figure 3.13. As descnbed earlier, Northem 

blot analyses showed the presence of 3.0, 3.4, and 4.3kb tra~scxïpts in Iwae, and the 

proportions of these transaipts seemed to Vary chiring different h a l  stages (Natesan, 

1991; Hughes, 1993). Since the 75- protein was the ody detectable protein during 

these stages, they could all encode the same isoenyme. It is also possible that altemaîive 

splicing Cesults in one or more transcripts encoding a PKC53E isoenzyme which does not 

possess epitopes recopizabie by the ami-PKC53El antisera. One or more of these 

transcripts could be unstable, and the PKC53E isoenyme is primarily encoded by one of 

the mscripts. It is also possible the 75kDa isoenyme in larvae varies fkom that found in 

heads, but stU contains the same epitopes, and is similar in size. Immmofluorescence 

studies were performed on several larvai tissues, and are discussed below. Evidence fiom 

these results suggests th& could be rrmltipIe isofomis of PKC53E in larvae, and since 

protein has been found in tissues other than neural regions, these proteins could have 

As shown in Figure 3.14, bands of différent &es were dekctable thmughout the 

pupal stages examine& ushg afnnity-puSed anti-PKC53El antisem. A smalier protein 



of about 70- protein was visualized in white (&y) and tan (eye) pupae. However, 

dark (late) pupae displayed a 'smeary' band, where the protein seemed to shifi to a higher 

size of about 75kDa. As discussed earlier, there are several explanations for the presence 

of alternate isoforms. It is possible the protein is inactive during eady pupal stages, and is 

required at a later stage dining the development of specific adult tissues. The Iife cycle of 

D. melmogaster , as shown in Figure 1.5, is unique in that the larval stages are very 

différent from the adult (Ashbumer, 1989A). There are many genes which are adult- 

specific, or are larval-speciiïc, and have either completely different roles in the different 

stages, or are not expressed in these different stages (Ashburner, 1989A). Afta the 3rd 

k a t  instar stage, the organism undergoes puparïation, when the larval tissues are 

histolyzed, and the imaginai discs develop to form the adult structures (Ashbumer, 

1989A). If the altemate isoform expressed during pupal stages is active, it could have a 

specific role in the development of adult structures fbmthe imagina1 discs. I f  this isofomi 

is indeed an immatlire, inactive farm of the protein, then this would indicate that signaiing 

through PKC53E is not re@d for proper development of adult tissues, until lata stages 

when the higher molecular weight isofom is prochced (Newton, 1995). It would be 

interesthg to see if protein localued to any of the unaginal discs during the late 3rd Iarval 

instar stages. The protein could ais0 have analogous functions in the developing embryos, 

as with fomtion of adult structures. Sine protein has been found in adult heads, 

PKC53E couid have a role in the developing CNS structures in both the lama, and in the 

ad&. This will be discussed fiirther with the imrmlnofluorescence studies perfonned on 

larval tissues. 

4.5 Immunohistochemical Studies 

TmmiinohistochemicaI studies were perfanned in an attempt to localue the protein in 

vivo. in situ hybridïzations using a n i r o b e  to cryostat sections of adult heads 



deIrn011~b;ated tbat the PRc53E transcripts are expressed ubiqyitously (Schaeffer et al, 

1989). Further RNA in situ hybridizations perfhned with cryostat sectioned ad*, also 

showed that tmnscripts were present in the central nervous system (Hughes, 1993). m 

sim hybridizations were also Cam& out with ovaries, and mscrïpts were first seen 

predorninantly in the nurse and follicle cells of stage 9 oocytes (Hughes, 1993). This 

staining uicreased with stage, until stage 13-14, when the transcript was seen in the mature 

oocytes (Hughes, 1993). When different nioprobes were used, mature oocytes showed 

distinct banding patterns, suggesting the presence of alternate transcripts, and a specific 

role for PKC53E in the development of oocytes, siniilar to a matenial effect gene (Hughes, 

1993). However, a specific signal was diBcult to obtain with immrinohistochemical 

staining. Protein appeared to be present in the cytoplasrn of stage 9 nurse ceus, but the 

later staged oocytes were inqienneable to specinc siaining, due to die formation of chorion 

coats (Ashburner, 1989A). Also, the large size of the nurse cells seemed to bind secondary 

antibody non-specifically, and iî was difncult to d i s c a n  whether the staining visualized 

was unique to the anti-PKC53El antisera recognizing the PKC53E epitopes (data not 

shown). Further snidies also showed staining in the developing oocyte, however, the 

secondary antibody bound non-specificdy (data not shown). It is possible that anti- 

PKC53E1 anhiodie~ are unable to detect the isofonn encoded by the transcripts found in 

ovaries. Anather explanation is that protein is -expressed at levels too low to detect, and 

this is enhanced by non-specinc binding of secondary a n t i i e s  to other proteins. Ur situ 

hybndizations were also performed with testes, and transcripts were visuaiized in the 

sheath, spem bundles (Cysts of deveIoping spermsttids), and when broken open, the apical 

ends of sperm (Hughes, 1993). The use of altemate nioprobes, suggested the mence  of 

a singe transcript (Hughes, 1993). Protein was not detectable when immiinofluorescence 

was performed to testes (data not shown). Evidence suggests the transcript in testes is not 



polyadenylated, and if this were the only transaipt produced, this supports the lack of 

detectable protein (Nutter, pers. CO-). 

Tmmiinohistochernical smining was performed on embryos, and protein was not 

detectable prior to stage 12. However, by this stage, staining was seen in smaIl clusters of 

ceils in the deveioping CNS which runs the length of the embryo as shown in Figure 3.15 

(B). The motor neurons were visualized by imrnunofluorescence using anti-motor neuron 

antisera, also shown in Figure 3.15 (E). This embryo is a later stage, but clearly shows the 

outline of the C N S  as the motor neurons form comminnes-adjacent to the developing C N S  

(Ashbultler, 1989A; Auld, pers. corn) .  Anti-PKC53E1 antisera stained SIMU clusters 

of ceils which seem to be at the centre of the developing CNS. This could expiain why it 

was difECUft to deîect protein on Western blots, and to deteci RNA with in situ 

hybridizatiom. There was also some segmental-specific staining, however this was 

diffiCUIt to discern since anthdies could be bhding non-specincally to the dwelaping 

folds and denticle belts as shown in Figure 3.15 @) (Ashbumer, 1989A). This segmenta- 

specifïc staining could be indicative of PNS nemes associateci with developing segments. 

Aithough banscripts were not detectable in embryos by Nonhem blot analyses, nor were 

they were found with in situ staining in embryos, aan~cripts were induciile with phorbol 

esters (Natesan, 1991; Hughes, 1993). TPA response elements V A )  may be found in 

the promoter region of the P M 3 E  gene (Natesan, 1991). Since the transcripts are 

induciMe in the presence of the right factor, perhaps they are spatially and temporally 

induced, when rquired for a devebprnentai process. The pattern of staimng vimaked 

upon induction of transcripts was siPrmar but miich stronger, and more predomhmt than 

that seen with imraiinohistochdcal staining of the protein (Hughes, 1993). There could 

be v a y  low lwels of tmscript expression, which are not ùetec&bte by in situ 

hybridization, until stimulated. Perbaps transcript and protein Ieweis are kept to a minirmmi 

imtil r@ed, at which point they are induced, then later subside. It is also iikely that only 



small arnounts of protein are recpired until the embryos reach a very specinc stage, at 

which point protein expression is upreguiated. Embryos can not be effectively stained afkr 

the formation of cuticle, which occurs around 16 hom, makùig it difficult to pinpoint 

when this 'upregulation' cuuid occur (AuId, pers. comm). h a e  possess a cuticle, 

which is a protective outer covering they periodically moult as they pass through the 

different instar stages (Ashbumer, 1989A). Since PKC53E is detectable by Western blot 

analyses in the first larvd instar stage, increased protein expression would have to occur 

just prior to hatching fkom the egg, which occurs at 21 hours (Ashbunier, l989A). There 

is evidence to suggea a PKC isoenzyme plays an important role in neuroblast 

dlfferentiation in stage 6-7 embryos (Ekoughton et al., 1996). PKC53E i s  not detectabIe at 

this stage, aithough given the small proportion of cells which are neuroblasts, it would be 

very diffidt to detect any protein nom extracts, if it were being expressed (Ashburner, 

1989A). 

Immunofiuorescence snidies were also perfonned on whole mounts of 3rd instar 

IârvaI brains. The h a I  brains showed pattenis of staining indicative of the CNS. 

Concentric &cles were visualized in the optic lobes and a symmetcical pattenx was 

visualized dong the length of the ventral gartgiion, as shown in Figure 3.16 (B,D) 

(Ashbumer, 1989A). High background due to non-specinc binding of preimmune, and 

anti-rabbit biotin antisera, made it di£ficu.lt to conclude if there was aay specifîc staining. 

PKC53E could be ubiquitous, as seen with patterns of Pk53E RNA expression in the 

addt brain (Schaeffer et aL , 1989; Hughes, 1993). As discussed earlier, there are several 

tmnscripts which are larval-specific, and thae may be different isoforms encoded by these 

altemate transcripts (Rosenthai et al., 1987; Natesan, 1991; Hughes, 1993). However, a 

singie 75kDa band is detected by Western blot analyses. If altemate isoforms exist, they 

miy not contain epitopes recogaizable by the anti-PKC53El mtisera. PKC53E expression . 

in h a 1  brains raises interesthg questions regarding its function. In the latta part of this 



chapter, potential roles for PKC53E in the deveiopment of the (=NS and in learning, are 

discussed, 

immunofluorescence studies were aïso perfonned on salivary glands, dissected 

fitom 3rd h a 1  instars. These tissues showed protein lodhtion to the nucleus, or 

perhaps even to scafTold proteins at the nucieus, as show in Figure 3.17 (C). This 

staining was visualized with ami-PKC53El antisera, before and after ;iffinity-pURficationf 

was specifically blocked with antigen, and was not visualized when preimmune antisera 

were utilized. The presence of PK53E at the nuclear envelope of cells in salivary glands 

raises interesting hypotheses as to its function during this stage. 

Salivary glands are an important tissue in larvae. They 

chromosomes, which aIlow for visualization of active gene expression 

also undergo progiammed celi death as larvae enter pupariation to begin 

possess polyîene 

by 'puffs'. They 

metamoqhosis, at 

the end of the 3rd larval instar stage. I>rning metamorphosis, the or@m undergoes 

dramatic changes, and mmy genes involved during this process are regdatecl by the 

homme ecdysone. Many of these genes have been identifie& initially by examining 

chromosome pufFs in response to ecdysone. Some of the genes induced during early 

ecdysone puises encode transcription factors that are invoived h the reguiaîion of other 

genes. Ecdysone has also been dernonstraîed to regdate genes encoding signahg 

proteins, such as a calcium binding protein homoIogous to c a i m o d ~  Although Pk53E 

is not lmown to be transCnptionally reguiated by ecdysone, the production of one or more 

proteins involved in a calcium-rrilediated signaling pathway could remit in turning on a 

pathway which imiizes PKC53E. This signaling pathway could be intimaîely associated 

with cell death pathways, or could be invoived in the development of pupal and adult 

structures (Andres and Thununel, 1992; Andres and Tbummel, 1995). 

Several homologues of the ceil death pathway have been found in D. nzeZàrwgostey, 

and evidence suggests this pathway is consewed, at least paaially. ûne recently isolateci 



gene, r p ,  encodes a protein with a death-domain. Mhmmabn proteins with this 

domain are receptm, which oligomerize and inmice apoptosis upon ligand-bhding. r q e p  

is specifïcally expressed in cells about to undergo apoptosis, and unpublished resuits have 

shown it is upregulated in salivary glands h m  late 3rd b a l  instars (Thummel, pers. 

conun). Br-C mutants, with salivary glands that fail to histolyze, have redllced levds of 

reoper expression (T1ime1, pers. comm.). Two other recently identifid genes, g h  

and hid, aiso play important roles in eliciting cell death in D. meimogaster. The proteins 

encoded by all k e e  gens  have skdarities in th& N-tenirina1 14 amino acids, suggesting 

this portion plays a role in signaiing apoptosis. Two or more of these proteins seem to be 

closely associated in eliciting die celi death response. hid was originally identified by its 

mutant phenotype, with reduced levels of ceU death in the head region of developing 

embryos. CeU death is seen during many stages of D. mlanogaster development, in 

paniCUfar, in nerve cek of developing embryos. PKC53E is found in developing CNS 

tissues, and in adult heads, however, a possible function has not yet been discernecl. The 

localization of PKC53E in salivay glands raises a new hypothesis for the fuaction of the 

protein, which may involve cell death (Steller and Grether, 1994; Steller, 1994; McCall 

and Steller, 1997). 

Recent sftidies have uncovered putative roles for PKC isoenzymes in programmed 

cell death. PKCG has been shown to play a role in apoptosis in B lymphocytes (Emoto a 

al., 1995). PKCG is proteoIytiicaly cleaved in the V3 region b y interleukin-lwnverting 

enzyme @CE), resulting in the release of a catayticaiiy active hgment. Ceil death is 

visualwd within four hours a& this fiagment is generated @moto et al., 1995). 

Cleavage of PKCG could be a consequence of activating the ceil de& pathway, where ICE 

and ICE-iike proteases specificaiiy target PKC. PKC isoenzymes have been shown to 

have a plethora of substrattes, and are involved in a number of tignaling pathways. 'Ihe 

release of a catalytically active fiiagment with no regulation could remit in saturahg the ceU 



with signals it utn no longer interpret. However, it could a h  result in the massive 

phosphoryhtion of a specific target substrate, such as Lammi B, which plays an @ortant 

strucnnal role in the nuclear envelope (Fields et al., 1988; Hocevar et al., 1993; Steller, 

1995). Lamin phosphorylation and subsequent destabilization has been demonstrated to be 

an important step in eliciting the apoptotic pathway (Fields et OZ., 1988; Hocevar et al., 

1993; Steller, 1995). It has also been demomted that prolonged PKC activation wiil 

lead to its degradation (Newton, 1995; Nishinika, 1995). The release of a catalyticalty 

active fiagrnent could r e d t  in a @ck binst of signalùig, followed by downregulation, and 

t h i s  dowmegulation of signaling couid be involved in apoptosis. Another possible 

exphnation for PKC activation, is that it plays a role in a signaling pathway which directly 

regdates gens involved in programmed ceU death- If the protein were proteolyticaily 

cleaved, then the regulatory domain, which is recogMed by the anti-PKC53El antisera, 

could be trans10câted to the nuclear emrelope where it codd play another role. This 

'secondary' role could involve interacting with another protein at the nuclear envelope, 

altering its regulation. This could cause a signal to be wsduced into the nucleus, and in 

tum alter gene expression (Steiler and Grether, 1994; SteIier, 1995; McCall and Steiier, 

1997). 

Lamins are targeted for proteolysis by ICE-like proteases, and are thought to play a 

role in apoptosis (Steller, 1995). Som. classical mammaiian PKC isoenzymes have been 

shown to interact with LanM BI at the nuclear envelope (FieIds et al., 1988). 

Phosphorylation leads to the tirnedependent solubilization of Lamin BI, Synonymous with 

mitotic nuclear envelope breakdown B u&o (Hocevar et al., 1993). Another study 

coipaared PKCBn with p34CdC2/cy~lin B kinase as a putative mitotic lamm kinase. 

However, PKCBn showed higher phosphorylation rates during interphase, in cornparison 

to p34h2/Cyclùi B kinase (Goss et al, 1994). 'ïhree hnzh genes have been isolated in 

D. melanogmrer, LmzC, G-LF, and Lmn (Bossie and Sanders, 1993; Riemer and Weber, 



1994; Uiitzer et al., 1992). One of the isoforms encoded by the LUPZ gene is found 

predomhntly in the nuclear envelope (Uiitzer et al., 1992). Studies performed by Uiîzer 

et a' (1992) utilized anti-Lamin antibodies, and found a putative role in the assembly of the 

nuclear envelope after cell division. The D. nr~eZanogasrer PKC53E isoenzyme is 

homologous to the mammrrian classical PKC isoenzymes, and could play a role in the 

phosphweguiation of Lamin. As shown in this thesis, sîudies demonstrateci PKC53E 

protein localization to the nuclear envelope of salivary gland cells in late 3rd larval instars. 

This supports a potential role for PKC53E in phospho-regulating Lamin, however, these 

ceh are about to undergo apoptosis, not proiiferation. Phosphorylation of Lamin could 

lead to nuc1ear aivelope breakdown as a step in the apoptosis of ceus, as opposed to 

nucIear envelope reassernbly. 

Daectable levels of PKC53E are first seen in latestage embxyos, and t would be 

exciting to postulate a role for PKC53E in memory or leaming. Upon hatching h m  the 

egg, the 1st b a l  instars are the Bsî stage to rely on cues fiom the environment for 

SUSVivaI, and if PKC53E is involved in modulaîing these signals, it would be required at or 

just prior to this time (Ashbumer, 1989A). Leaming is a process that is dynamic, and 

relies on the constant formation and refomiation of synapses (Tanaka and NiShinika, 

1994). If a protein were to be important for such a process, it would be requHed 

îhroughout the organism's Me. Homologous PKC isoenymes have been demonsrrated to 

be important for leaming and memary in hi* eukazyates (Tanaka and Nishizulca, 1994). 

The mechaniSn by which PKC governs this remains to be elucidated, and it seems that 

diffant isoenyme~ are expressed in different tissues, and Werent isoenzymes are 

activated in response to different signals. Mammaüan PKC isoenzymes have been shown 

to play roles in learning and memary by reguiatmg ion charnels, receptors, and 

neurotmmnitîer reIease (Tanaka and Nishinika, 1994). h h m n a b  PKCa, which is the 

closest homologue to the D. melmogerter PKC53E isoenzyme, has ubiquitous patterns of 



protein expression in the brain, and is fond in several differeot neuronal ce11 types 

(Rosenthal et a', 1987; Tanaka and Nishizuka, 1994). PKC isoforms have been found to 

m&te ion chatlxlek and receptos on post-synaptic membranes, as well as affecting 

other processes such as neuratransniitter release (Tansrkn and Nishinika, 1994). These are 

all  processes which in tuxn cm reguiate the storage of information, and have an effect on 

leaming (Tanaka and Nishizuka, 1994). Although GAP-43 will be discussed later on with 

regard to its role in axonal outgrowth, it has also been shown to play inportant roles in 

reguiathg presynaptic neurotranetter release, and long term potentiation (Tanaka and 

Nishizuka, 1994). A D. me[anogarrm mutant, tzmjp, was isolated based on poor learning 

perfatpiance. These mutants had defitient PKC activity, and a 76kDa PKC-substrate 

protein was f m d  to be important for the leamhg process (Choi et al., 1991). This gene 

was cytogenetically mapped to a différent Iocation nom any of the PKC isoenymes, 

suggesting it encodes a protein involveci in reguiating a PKC-mediated signaiing pathway. 

This protein belongs to the Rho subfamüy of GTP-binding proteins, which have ken 

shown to be involved in PKC-mediated signaling pathways (Flybase, 1997). Rho proteins 

are typically involved in the regdation of cytoskeletal elements, and have been shown to 

control polymerized actin, an important component of growtb cones (Hall, 1992; Hali, 

1993). 

PKC53E could also be involved in the formation of newonai processes dirring 

differentiation of the nervous system, since protein has been localized to the deveIoping 

CNS regions in embryos. Broughton et al. (1996), have shown the involvement of at lest 

one PKC in the foimation of neuronal processes. This was accomplished through the 

creation of transgenic flies with inducïile exprestion of an inhicbitor peptide derived Born 

inaC, a PKC expresseci specdicaiiy in photoreceptor ceiis (Broughton et al., 1996). This 

peptide includes the pseudosubstrate domain, which is hi@y conserved amongst the D. 

melmtogaster PKC isoenymes, dthough varies more signifïcanfly for PKC98E (Figure 



13). Iahicbition of PKC by this peptide resulted in the inhibition of nemite outgrowth in D. 

n2eZ'ogaster neuroblasts CUItured in vifro (Broughion et al., 1996). Previous studies 

suggest this couid occur through reguiation of various substrates, such as cytoskeletal 

elements, important in the formation of lameIlipodia and axonal outgrowths (Williams et 

al., 1994). 

The mimmriinn dynamin proteins are microtubde-binding proteins with intrinsic 

GTPase activity. They function in clatkrin-mediated endocytosis, and have been shown to 

be PKC substrates (Sudhof, 1995; Camilli and Takei, 1996). Dynamin I is 

dephosphoryhted in a ~a2+-dqendent mamer upon depolarization, resulting in inhibition 

of GTPase acîivity (Sudhof, 1995; C d  and Takei, 1996). The D. melmoganer 

homologue, Shibire, was first isolated as a paralytic mutant with disnipted endocytosis of 

synaptic vesicles (Kim and Wu, 1987). Although the protein encoded by this gene is 

important for regulating endocytosis in synaptic transmission, Shibire mutants also had 

reduced neurite outgrowth (Robinson, et al., 1993). This suggests a role for dynamin, 

possibly through PKC phospho-regdation, in axonal outgrowth (Kim and Wu, 1987; 

Robinson et al., 1993). The D. meImogarter GAP43 homologue, Igloo, was recentiy 

characterized, and the protein is a putative PKC substrate (Neel and Young, 1994). Igloo 

has a simüar developmental pattern of expression to Pk53E (Neel and Young, 1994). It 

is expressed fiom late embryonic stages, throughout Iarval and pupal stages, and in ad&, 

howwer, 3rd b a l  instars have lowa Ieveis of expression (Neel and Young, 1994). 

Staining was restricted to the central and peripheral nervous system, predominantly in 

neurons (Neel and Young, 1994). The mammnlian homo1ogue of this protein, GAP43 

(neuromodulin), has been shown to interact with both calmodiilin and PKC, moa iikeLy in 

a Ca2%%qendent manner (Tanaka and Nishinik$ 1994). It plays an important role in 

axonai outgrowth, and was found to regulare polyrnerization of a& in growtb cones 



panda and Nishinika, 1994). fnterestingly, phosphorylated forms of GAP-43 were 

found in growth cones associated with other cells, and calmoduIin-associated GAP-43 was 

found in the retraCting edges (He et al., 1997). The pattern of transaipt expression 

suggests that perhaps Igloo is not involveci in early neuroblast differentiation, which occurs 

around stage 6-7, but could be important in the formation of synaptic contacts. The 

nemous system is dynamic, and a complex organization of proteins is most likely 

regulating the continual extension of axons and refonnabon of synapses, especially d h g  

the process of leaming in response to changes in environmental or developmentai cues 

(Tanaka and Nishinika, 1994). Another important point is that onfy non-phosphorylated 

fomis of the mammaiian homologue, GAP-43, are found in eary neurïte outgrowth, and 

phosphorylated fomi appears oniy in the distal partions of the axon and growth cone, when 

axonogenesis has started (Me et al., 1991). This supports a role for PKC and Igloo in 

later stages of neinite outgrowth, possibly in helping growth cones reach th& destination, 

and in the formation of synaptic contacts (Neel and Young, 1994). 

It is interesting that ali  three PKC isoenymes found in D. m e Z m o g ~  are 

expressed in adult heads, and Iittle or no transcripts or protein have been identifiecl in arhilt 

bodies. The cDNA for inaC was miginaliy cloned by Schaeffer et al. (1989) using bovine 

probes for Pkca and p. Cytogenetically, inaC maps to a position within 25kb of PRcS3E, 

at 53E4-7, and one is thought to have arisen fkom the other due to a dupiication event 

(Schaeffer et al., 1989; Smith et al., 1991). As shown in Table 1.1, one transcript of 

2.4kb has ken identifie4 l&d in the photoreceptor ceiis of the compound eyes and 

oceu, shrtiug in late pupal stages (Schaeffer et al., 1989). The protein encoded by this 

gene is approxhmely 80kDa, and is homologous to the nxummhn chsical PKC 

isoenymes. inaC has been demoll~trated to be Ïnvolved in light adaptation as shown 

earlier in Figure 1.4 (Schaeffer et d., 1989; Smith et al., 199 1; Hardie et al., 1993). This 



protein is activated through a caicium and phospholipid-dependent pathway, and some of 

the other components of this paîhway have been identified through mutational analyses, 

and immunoprecipiLation studies. One of the proteins in this pathway is encoded by the 

no>pA (no-receptur-pomtial A ) gene. It is homologous to the mammalian PLCP enzyme, 

and upon &vation i s  an effector whkh hydroyzes PIP2 (Smith et al., 1991). Another 

protein invohred in the inaC pathway is encoded by the bp (adent recqttwputentzal ) 

gene (Hardie et al., 1993). It encodes a light-activated SOC &+-ion channel, onghaIly 

thought to be required to rem calcium stores depleted by IP3 receptors (Hardie et al., 

1993). In the absence of functional TRP channels, the calcium stores are not refilled, and 

inaC is consequently not activated due to the absence of calcium. Recent studies show that 

TRP is a ~ a 2 +  channe1 that spans the PM, and is açtivated by the depletion of C& ions 

f?om intemal stores, causing the influx of Ca2f ions fiom the extfaceUular space (Smith et 

al., 1991; Clapham, 1996; Huber et al., 1996& Huber et al ,  1996B; Shieh and Zhy 

1996). Failure of this channel to open would cause inaC to become inactive, as the ca2+ 

stores would not replenish, and the ~ a 2 +  levels would remain too low (Smith et al., 1991; 

Clapham, 1996; Huber et al., 1996A; Huber et al., 1996B; Shieh and Zhu, 1996). Both 

bp and ÙzaC mutant phenotypes are simüar in that they fd to adapt to light (Hardie a al., 

1993). Another wqonent of the inaC pathway is encoded by the rdgB (mina2 

degener~R'iion B ) gene (Smith et al., 199 1). The rdg mutant was iàentified according to the 

light-sensitive retinai degeneration phenotype, &mnstrated to be dependent on inaC 

activity (Smith n a l ,  199 1). When both nopA and rd@ were mutate  the eyes were 

resistant to the light-sensitive degeneration phenotype (Smith et al., 199 1). When rdgB 

nnmint %es kept in .jhe darlaiess were tmted with phorbol esten, the eyes degenerated 

(Smith et al., 1991). When both rd@ and inaC were rnukkd, the eyes were resistam to 

light-sensitive degeneration (Smith et a l ,  199 1). This suggests that inaC is a key mediator 

of the biochemical pathway resulting in Rd@ regulation (Smith et al., 1991). 



Broughton et a' (1996) utilized an inhitory peptide (Figure 13), derived fiom the 

pseudosubstrate domain of inaC. A protein of approdteIy 84- with PKC 

characterisrics, was inhicbited f2om autophosphorylation (Broughton et al, 1996). This 

inhibition altaed neznoblast differentiiarion and neurite outgrowth in vitro (Broughton et 

al., 19%). The size of this protein and the inhibitor peptide used points to inaC as the PKC 

involved in this process, however, the specinc tenporal and spatial pattem of inaC 

exprestion and fùnction contradia this. Multiple bands were observed when a rabbit 

polyclonal antiiody recognizing a 7 amino acid consensus sequence for PKC was used, 

maiang it difficult to discem whether this was the a d  PKC being affected by the 

i n h i o r  peptide (Broughton et al., 1996). The pseudosubstrate domain is at least partially 

conservecl among the D. meZanogaster PKC isoenzymes (Figure 1.7), and the peptide used 

as an inhibitor (Figure 1.3) could have inhxcbited one or more of these isoenzymes 

(Schaeffer et al., 19 89). 

Pk98E has only been charactaized at the level of RNA, and is expressed as a 

5.5kb transcript throughout development (Table 1.1). It is found predorninantly in the c d  

bodies of adult heads, with 4.3 and 4.5kb transcripts also being expressed in early stages 

of development (Schaeffer et aL, 1989). The putative ORF for the protein encoded by one 

or more of these transcripts is 7lkDa, with homology to the mammaiwn novei PKCE 

isoenzyme (Schaeffer et al., 1989). This protein lacks a c&-domain, and is most likely 

activated tbrough Ca%ndependent pathways (Schaeffer et al., 1989). Aside from the Cl 

and Cl' regions, most of the N-texminus varies considerably fiom the d e r  D. 

melrogaster PKC isoenzymes (Schaeffer et al., 1989). The hhiIbitofy peptide used by 

Broughton et rrl. (1996) was less IikeLy to inhibit PKC98E than PKC53E, although there is 

some consenaiion in the pseudosubstrate domain between all three isoenymes. PKC98E 

is significantly d e r  than the protein putatively shown to be inhiited by Broughton et ai. 



(1996). Given the dexelopmental pattern of Pk98E expression, however, it could also be 

a candidate for the PKC involved in neurite outgowth (Eiroughton et al., 1996). 

The p e n c e  of two CNS-specinc PKC isoe~lzymes, PKC53E and PKC98E, can 

be placed into perspective if there is partial redundancy and partial specincity between 

them. PKC98E could be specifically activateci through ~a2+-independent pathways at the 

omet of development of neural tissue, and is responsible for the p r k m y  stages of 

neuroblast differentiation and neurite outgrowth. This would support PKC98E as the 

primary target for the inhiii to~ peptide in the experiments perfofpzed by Broughton et al. 

(1996). It is also &ely that both PKC53E and PKC98E are targeted for înhiiition, and 

produce the phenotypes seen by Broughton et al. (1996). Coordination of the two 

isoenqmes through ca2+-dependent and independent pathways could confer neuroblast 

differentiation, subsequent n e d e  outgrowth, and learning. PKC98E, which is expressed 

exlier, could intaact with specinc substrates to regulate neiaoblast differentiation in a 

&+-independent msnner. PKC53E, which is expressed at a later stage, could then direct 

latter stages of axonal outgrowth in a ca2+dependent mamer. 

Leamuig processes, govemed by the regulation of synaptic transmission, are 

complex ('ïanaka and Nishiaùra, 1994; Sudhof, 1995). They most likely re@e several 

&+dependent and independent mechanisns, and there could be some redundancy in the 

substrates required for these processes. For example, PKC98E could potentiaüy in- 

with tumip, the Rho GTPase discussed earlia (Chi et al., 1991). la manmals, Ras-iike 

proteins are typicaliy involved in tyrosine kinase pathways, which are ~&inde~endent 

(Hall, 1992; HaIl, 1993; Lowy and Wililfmsen, 1993; Fanîi et OZ*, 1993). 

independent PKC isoenzymes have also been shown to be activated through these tyrosine 

kinases, and evidence has shown these enzymes are involved in cross talk with Ras/Raf 

pathways (Fantl et &, 1993). However, the only PKC isaenzyme fouad in yeast, Pkc 1, 

has been shown to be directly activated by Rhol, as shsm earlier in Figure 1.4 (Kamada 



et al., 1996). This isoenyme is homologous to the mammaiian classical PKC isoenymes 

and is &+-dependent (Levin et al., 1990). Therefore, PKC98E or PKC53E, or both, 

could be involved in the armip pathway. If PKC98E is responsible for mediating &y 

neuroblast merentiation and growîh, by Ca2+-independent mechanisms, this most lücely 

does not include substrates such as Shibire and Igloo, which are phospho-regulated in a 

ca2+-dependent mSLnner (Robinson et al, 1993; Neel and Young, 1994). These two 

substrates are more M y  to be reguiated by PKC53E, supporting a role for PKC53E at 

later stages of axonal outgrowth, establishg synapses, and even mediating events such as 

synaptic vesicle endocytosis and d e r  processes important for leamhg (Robinson et al., 

1993; Neel and Young, 1994). It is likely thae are many other substrates involved in 

these processes, which will be uncovered by future work which isolates other components 

of the PKC53E pathway. 

4.6 Conclusions 

A portion of Pkc53E was successfkily subcloned, in fiame, into the pGEX-4Tl 

vector. The fision constmct was tmsformed into Ecoli DHlOB cells, and the GST- 

PKC53EV1 fusion protein was expressed, and purified by afnnty-coltlmn 

chromatography. The GST-PKC53EVl fusion protein was used to genemte polyclonal 

antisera in New Zealand rabbits. The anti-PKC53El antisera recognized a protein of 

apprortimateIy 75kDa in a PKC-rich extract obtained from D. m e l i m o ~  addt heads. 

Western blots rwealed a protein of sinoilar size in whoIe amilt extracts, althow in a much 

lower proportion. Anti-PKC53El &era Med to recognize a protein in extract !Îom 

testes, and a fâht band of about 7nù)a was visualized in extract fkom ovaries. Ami- 

PKC53E1 antisera were b l o t - a t y  purifiecl, and the 75kDa band fkom PKC-rich head 

extnicts, was visuatized with a 150 dilution. A protein of similar size was visuaüzed 

throughout aU three iarval stages, using a diluiion of 1:25 afIhity-puri6.ed anti-PKC53El 



antisera. A protein of approximately 7OkDa protein was visualized in early (white) and mid 

(eye) pupal extracts, and a smeary band of 70-75kDa was visualized in late (dark) pupal 

extracts, using a dilution of 1:25 affinity-puTifi& anti-PKC53El antisem 

Tmmunohistochemical studies revealed the presence of protein in d subsets of neuronal 

=Ils in stage 12 embryos. Segmental-specific staining was &O visualized. 3rd instar 

larval brains showed patterns of staining, indicative of CNS, in the optic lobes and ventral 

ganglia Protein was ais0 localired at the nuclear envelope of salivary glands dissected 

fiom 3rd imal instars. 

Patterns of P M 3 E  RNA and prorein expression suggest it plays an important role 

in the CNS. Although it may not be involved in initial differentiation of the CNS, it may be 

required for establishing early connections, and/or for maintenance and functioning. The 

presence of protein at the miclear envelope in salivary gland ce& fkom late 3rd instar larvae 

raises additional hypotheses as to its fiinclion. PKC53E could play a key role in ceil de& 

signaling pathways, initiated by the homone ecdysone. This fiuiction may be tramferable 

to the CNS, as many of these celis are targeted for kath throughout development 

4.7 Future Directions 

The most important step in fÙrther charactaizing the protein is to deternMe its 

fundon. This codd be accomplished through the d o n  of a miiration in the Pkc53E 

gene, by P-element mutagenesis, or EMS mutagenesis. Another option is to create 

transgenic fies, using a construct with DNA encoding part of the mRNA in antisense 

orientation, or a portion of the DNA encoding the pseudosubstrate domain, under the 

control of a heat shock promoter. Once a mutant is obtained in PRc53E, mutants in other 

genes potentially involved in the pathway can help discem its function. 

Anti-PKC53El antisa could be used to perform in vitro analyses. PKC53E 

could be affinity-purified, and subsequently tested for M e r  characterization, and to 



detemine potential substrates. Anti-PKC53E antkera couid be used for 

immIinopreeipitations, which wuid be electrophoresed on native gels. and tested with 

antisera to identify interacting components of the pathway(s). 

In an attempt to localize PKC53E in adult heads, further immiinofluorescence 

studies wuld be perfomed on cryostat sections. Troubleshoohng would need to be 

pesfomied to Iower background autofluorescence, and cross-reactivity with secondary 

antisera. Double-IabeIing experiments could also be performed to CO-localize any otha 

proteins which may be interacting with PKC53E. 

The salivary giauds from 3rd b a l  instars could be studied in more depth to 

delineate the signalmg pathway PKC53E may be involved in. There are several mutants in 

which the salivw glands fail to histolyze, and immiinofiuorescence studies could be 

perfonned on salivq glands dissected from these mutants to discem whether there is any 

altered pattem of PKC53E protein localization. It would be inîeresting to determine how 

the protein is in-g with the nuclear envelope, and this could be accomplished by 

perfaraYng double-labelhg experiments, and in vitro assays. Studies could also be 

pursueci to discem if there is any wrrelation between increased PKC53E expression and 

ifs Localization to the nucleus, and aitered levels of ecdysone. This could potentiaiiy be an 

interesting tissue to saidy signaling? and the role of signaling in programmed c d  death in 

D. melanogarrer. 
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