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ABSTRACT

Duchenne Muscular Dystrophy (DMD) is an X-linked pespive muscle disease which is
caused by mutations in the dystrophin gene. Until nowetiseno effective therapy for DMD. As
the largest gene in human beings, it produces a 427db@skeleton protein: Dystrophin.
Dystrophin links actin and dystrophin associated protemptex (DAPC) in muscles. Currently,
there are 3 hypotheses to explain the mechanisms db.DMey suggest that the absence of
dystrophin could lead to periodic muscle cell membranéurap, or affect the distribution and

function of ion channels, or perturb signal transductiahveays.

In Caenorhabditis eleganshere is only one homologue of mammalian dystrophive geamed
dys-1 and the nematode protein DYS-1 presents 37% similaregchttman one. The double
mutantdys-1; hlh-1exhibits a severe progressive muscle degeneratianpiidtein composition
of the sarcomere has been studied and it has revehlgt degree of similarity with mammalian

sarcomere. These allo@. elegande a relevant animal model to study DMD.

To understand why the lack of dystrophin induces musaemkeration in mammals and worms,
and to find new drugs that might help in reducing musegederation, L. Ségalat and his
coworkers performed several screens for drugs anesysuppressing muscle degeneration. An
interesting gengkc-2 came out and was considered as a possible regutatbe process of
muscle degeneration i@. elegansThe protein that is encoded by this gen€irelegandgs an
orthologous of the human gene Protein Kinase C Alpha (P#@ich belongs to the family of
serine/threonine specific protein kinases. To study thetifion of pkc-2 we generated different
recombinant constructs, analyzed the expression paitekc-2with immunocytochemistry, and
performed yeast two-hybrid to search for PKC-2 bindiagners. In addition, a neurotransmitter
serotonin (5-HT) was found by drug screening to beaative blocker of striated muscle
degeneration. A€. elegandacking PKC-2 displays a severe blister phenotype igexous 5-
HT, studying the correlation between PKC-2 and 5-HT tloeeefeems to be an opportunity to
explore the reasons of muscle degeneration. A geneteerscwith EMS (ethane methyl
sulfonate) to search serotonin resistant mutant in gtkair? (ok328Wwould help us study further
about the role ogbkc-2



In this thesis, different clonamyo3::pkc-2and pkc-2::gfp were made to inject into wild-type
animals. The results revealed tph&t-2expressed intensely in neurons and pharynx, buneas
found in body-wall muscles. Mutantlys-1;hlh-1fed with pkc-2 RNAI did not reduce muscle
degeneration statistically comparing to triple mufakd-2;dys-1;hlh-1This indicated that PKC-

2 may be dominantly acting in neurons. A yeast two-hybdcken identified the gene
Y59A8A.3, which is a homologue to mammalian filamin A iatging protein 1 isoform 3, as a
binding partner of PKC-2. Filamin A is a cytoskeleton temm anchoring various trans-
membrane proteins to the actin cytoskeleton and may falsction as an important signaling
scaffold. The result suggested that PKC-2 may therefm@ulate filamin A activity through the
filamin interacting protein 1. Genetic screen by EMS presk8 candidates namek253
cx254 cx259 cx263 cx267, cx268 cx27Q cx276, which were mapped on chromosomes by SNP
mapping using a polymorphiC. elegansstrain, but time was too short to identify these genes
formally. The experiment also offered possibilities ofreeimg links between PKC-2 and

serotonin pathways.

In summary, this work studied the geplkc-2in order to reveal the function of PKC-2 and its
involvement in muscle degeneration. The present resudiweaed some questions abplt-2
and needed further researches to elucidatentivévo role of PKC-2 protein and its interaction

with other proteins in the mechanism of muscle dystropl@. ielegans.

KEY WORDS: dystrophin, Duchenne Muscular Dystroph@aenorhabditis elegans

Protein Kinase Qpkc-2 ethane methyl suffocate, single nucleotide polymorphisagging



RESUME

La myopathie de Duchenne est une maladie génétiques quaractérise principalement par une
dégeénérescence progressive des muscles squelettiquida dause est I'absence de dystrophine
fonctionnelle dans les muscles. A ce jour, il nexiste tog@as de traitement efficace contre ces
maladies. Comme le plus grand gene connu chez 'Hommdydaophine code pour une
protéine de 427kDa. La protéine connecte I'actine aveARC (Dystrophin Associated Protein
Complex) dans les muscles striés. Pour l'instant, il yhg@dtheses concernant le mécanisme du
DMD. L'absence de la dystrophine peut supprimer le lpysique entre les protéines
structurales de la membrane basale (laminines) et ldéimpge structurales du cytosquelette
(filaments intermédiaires et actine), ou la distribution dofetion des canaux ioniques, ou des

voies de signalisation nécessaires a la survie du muscle.

Caenorhabditis eleganse possede qu’un homologue du géne de la dystroptimaihe, le géne
dys-1. La protéine DYS-1 présente 37% d’homologie avec larolysine humaine. Le double
mutant dys-1(cx18) ; hlh-1(cc561présente une forte dégénérescence musculaire. Comme le
sarcomere d€. elegangessemble au sarcomere de mammif€reglegansest modéle pertinent
d’étude la maladie.

En vue de comprendre la raison du DMD chez les maénesifet chez les vers, le groupe L.
SEGALAT a effectué des cribles pour identifier les moléxglieles génes qui peuvent supprimer
la dégénérescence musculaire. On a trouvé un gko® qui est capable de supprimer la
dégénérescence musculaire clzzelegans La protéine PKC-2 est I'orthologue de la Protein
Kinase C Alpha (PKC) humaine et appartient a la famillesdrine/threonine protéine kinase.
Afin d’étudier la fonction du genpkc-2 on a analysé I'expression du gene avec les cotsstrui
différentsin vivo et a utilisé la technique de double-hybride dans la legeplus, le crible par
EMS (éthane méthyle sulfonates) a identifie une molécutetsene (5-HT) qui est un
neuromédiateur, et supprime partiellement la dégénéresaansculaire des doubles mutants
dys-1; hih-1 La sérotonine a aussi un effet fort sur le mupdact2(0k328)puisqu’elle provoque
un phénotypélister. Ca nous permet de rechercher le lien entre la sigtialissérotoninergique

etpkc-2 Le crible génétique peut contribuer a la connaissameéldpkc-2



Des constructionmyo3::pkc-2et pkc-2::gfpont été réalisées et injectées dans des vers sauvage.
L’expression a montré que le gepkc-2 est exprimé fortement dans les neurones et pharynx,
mais n’a pas été vu dans les muscles striés longitudiQuand on inactive I'expression gkc-

2 par RNAI chez les double mutardgs-1 ;hlh-1 on n'observe peu de diminution de cellules
absentes ou abimées chez les descendants par rappdgple mutanpkc-2 ;dys-1 ;hlh-1 Les
résultats suggerent qdc-2 agit principalement dans les neurones. Les expériatecesuble-
hybride dans la levure ont identifié un géne nouvea®@AB3.3, qui est I'hnomologie du filamin

A interacting protéine 1 isoform 3 mammifére. Filamin ¢t en des protéines de cytosquelette
associée a plusieurs protéines transmembranaires. Ell@usait de plate-forme de voie de
signalisation intracellulaire. L’identification de Y59A8A.3opose la possibilité quekc-2
modifie la filamin A par l'intermédiaire de la filamin A interadginprotéine 1. Le crible
génétique par EMS pour rechercher des suppresseursfigt blister de la sérotonine sur les
mutantspkc-2(ok328)a donné 8 candidats sur 5000 FIx253 cx254 cx259 cx263 cx267
Cx268 cx27Q cx276 Les mutations ont été localisées sur les chromosomeSNRrmapping
avec une souche d& elegandres polymorphe, mais le temps a manqué pour leurifidation
exacte. L'expérience valide notre approche a étudiegreelntre la signalisation sérotoninergique

et pkc-2

En résumé, le but de la thése était de recherchenttido du gengkc-2dans les mécanismes
moléculaires conduisant a la nécrose musculaire ennedseée dystrophine. Les résultats
présentés dans la thése apportent des réponsesuasitioqs fondamentales spkc-2et aussi

demandent des expériences supplémentaires afin de élptideavant les mécanismes de la

dégénérescence musculaire dystrophine-dépendante.

MOTS-CLES: dystrophine, myopathie de Duchenr@genorhabditis elegansProtéine

Kinase Cpkc-2 éthane méthyle sulfonates, single nucléotide polymorpkismagping
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Introduction

Chapterl Muscle: The Development and the Structural
Characteristic

1.1 Introduction

There are 3 types of muscles in vertebrate animals: headaenatso called cardiac muscle,
makes up the wall of the heart; smooth muscle is found in the walls of all the hollow ofgans
the body (except the heart); skeletal muscle, also calledestnmuscle, is the muscle attached

to the skeleton.

1.2 The development of skeletal muscle in vertebrate: the
principal rules

It is widely accepted that all the skeletal muscle inel@dte are derived from progenitors
present in the somites (Christ and Ordahl, 1995). Somites are mtamg&sodermal units, and
each newly formed somite rapidly differentiates into a verdcérotome and a dorsal

dermomyotome from which myogenic precursors originates.

After the onset of somito-genesis, some myogenic precursols dilerentiate into
mononucleated muscle cells, myocytes, in the myotome. The myotdisiareethe myoblast-
committed muscle cell precursors. Skeletal myogenesis begihs myotome fomation
followed by fusion of myoblasts to form primary fibers. Somehef myoblasts do not fuse
into primary fibers but continue to proliferate and differentiate secondary (fetal) fibers.
At the same time, a basal lamina begins to form around eachafiloeit is only after its
formation that satellite cells can be morphologically identiitednononucleated cells laying
between the basal lamina and the fiber plasma membrane. Dughtgand post-natal
development, satellite cells divide at a slow rate and part of the pragenwith the adjacent

fiber to contribute new nuclei and to increase size of muscle fibers whose carahot divide.
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Figure 1-1: Development of MuscleSkeletal myogenesis begins with myotome formation

that is follozed by fusion of myoblasts to form primary fib&sme of the myoblasts do not
fuse into primary fibers but continue to proliferate and differemtigiving rise to secondary
(fetal) fibers. At the same time a basal lamina begirierta around each fiber and it is only
after its formation that satellite cells laying betweka basal lamina and the fiber plasma

membrane (Cossu and Biressi, 2005).
1.3 Signaling pathways during myogenesis

During vertebrate development, signaling pathways regulate the balanwesheroliferation,

specification, and differentiation of the myogenic lineage.
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Figure 1-2: Schematic representations of adult myogenesfse Grand and Rudnicki, 2007).

Skeletal muscle cell becomes activated. Their prolifergbimgeny; the skeletal myoblast,
express the paired-box transcriptions factor Pax7 and Pax3, &sasvéhe myogenic
regulatory factors, Myf5 and MyoD. Once committed to differentiation; mybbtap cycling
and stop expressing of Pax7, Pax3 and Myf5. Differentiating myoeyitethen align and

fuse to form multinucleated myofibers.

Myogenic precursors are specifically committed depending on uhetibn of myogenic
transcription factors such as Pax3 and Pax7 (Gouktiad, 1994; Cosset al, 1996a; Cossu
et al, 1996b; Boryckiet al, 1999). Once committed, somite-derived cells migrate to multiple
sites of embryonic myogenesis and begin to express the mgobasic helix-loop-helix
transcription factors Myf-5 and MyoD (Birchmeier and Brohmann, 2000nce committed
to differentiation, myoblasts stop cycling and lose expression xo8paax-7 and Myf-5.
Differentiating myogenitive myocytes will then align and fusemultinucleated myofibers.

MRF-4 is further involved in hypertrophy of the new fibers.

13
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1.4 Skeletal muscle fiber structure

A myofiber is a multinucleated single muscle cell. The isetlensely packed with contractile
proteins, energy stores where many are involved in different signadechanisms. Within
each myofiber is a network of myofibrils. They contain the protdiat do the actual force
production. Each myofibril is constructed by arrays of paralleients: the thick filaments
composed of myosin extend from M line produce the dark A band. The thmefits
composed of actin extend in each direction and form the Z line produtightheband. The
entire array of thick and thin filaments between 2 Z lineslis&aarcomere, which is a unit

of muscle contraction (Figure 1-3).

14
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Activation of the muscle fiber causes the myosin heads to bindito Aatallosteric change
occurs which draws the thin filament a short distance past thle filament. Then the
linkages break (for which ATP is needed) and reform farther dtmnghin filament to repeat

the process.
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Together with myosin, actin, tropomyosin and troponin construct over thezgerpiof the
protein in muscle fibers. Some two dozen additional proteins completeest. These serve
functions as attaching and organizing the filaments in the sareoam& connecting the

sarcomere to the plasma membrane and the extra-cellular matrix.

1.5 The Muscular Dystrophies (MD)

Muscular dystrophy refers to a group of genetic, hereditary mulisEases that cause
progressive muscle weakness. Muscular dystrophies are chiaeaxttey progressive skeletal
muscle weakness, defects in muscle proteins, and the death of roelslend tissues.
(Emery, 2002). Some diseases including congenital, limb girdle, ,distgbtonic,

oculopharyngeal, Duchenne, Becker, etc, are always classified as mdystiaphy.

Many forms of congenital muscular dystrophies are caused fegtdan proteins that are
thought to have some relationship to the dystrophin-glycoprotein congrexto the
connections between muscle cells and their surrounding cellulatus®. Some congenital
muscular dystrophy show severe brain malformations, such as bégbahg and
hydrocephalus (Schachter al, 2004).

Limb-girdle muscular dystrophy is also called LGMD. Many ferof LGMD have been
identified, showing different patterns of inheritance (autosomalsseee vs. autosomal
dominant). Some of the recessive forms have been associated feitksde proteins that
make up the dystrophin-glycoprotein complex (Gugkral, 2008).

Miyoshi myopathy, one of the distal muscular dystrophies, causied weakness in the calf
muscles, and is caused by defects in the same gene respamrsdrie form of LGMD (Limb
Girdle Muscular Dystrophy) (Bashat al, 1994).

Myotonic dystrophy results from the expansion of a short repgbeiDNA sequence (CTG
in one gene or CCTG in another gene). While the exact mechaniantiaf is not known,
this molecular change may interfere with the production of impbrtauscle proteins
(Bachinskiet al, 2003).
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Oculopharyngeal MD has been attributed to a short repeat expansiom gertome which
regulates the translation of some genes into functional profaims-Baker and Rouleau,

2007).
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Chapter2 Review of Duchenne Muscular Dystrophy

2.1 Introduction

Duchenne muscular dystrophy (DMD) is a severe X-linked recessregressive muscle-
wasting disease, affecting ~1 in 3500 boys(Emery, 1993). The sympisnally begin to
appear around the age of 5, and patients are usually confined to ahahdsdéore the age of
12 and die in their late teens or early twenties usually ofregepy failure in the most severe
cases. A milder form of the disease, Becker Muscular Dystr(®M{p), has a later onset and
a much longer survival. Both disorders are caused by mutationseiidMD gene that
encodes a 427-kDa cytoskeletal protein called dystrophin. The vgstitpnaof DMD
mutations result in the complete absence of dystrophin, while BMI@Dm mutations that do

not eliminate qualitatively all dystrophin production.

Dystrophin Gene - 2.6 Mb with 37 exons

oo /\-/\EL"“YL"“A““-’A& Normal

Becker

4 {mild)

\*-..J,_a_r_ge deletion, but reading frame is left intact_~

| —
i (severe)

small deletion, but Feading frame is changed

Figure 2-1: The different type of deletion of dystrophin geneOnly deletions which

create a translational frame shift will lead to low levefsdystrophin expression in a
DMD phenotype (Monacet al, 1988). Otherwise a smaller, but functional version of

dystrophin could be produced, which would be consistent with a BMD phenotype.
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Normal BMD DMD

dystrophin

Figure 2-2: Dystrophin in normal and dystrophic muscle & Immunohistochenistry

visualization of dystrophin_in_human _muscle(Blake et al, 2002). The images were taken

from healthy controls and patients with Becker's and Duchenne’s musculiadhys

In addition to these diseases, mutations in the gene encoding raaporents of the
dystrophin-associated protein complex (DAPC) can also cause the ygeemdtich is similar

to that seen with DMD and BMD mutations. However, mutations in theses produce only
muscular dystrophy and cardiomyopathy, but not affect the centradugesystem or smooth
muscle involvement disorders that caused by DMD or BMD.

There is no effective therapy for DMD currently, although varistrategies are being

developed, including gene correction strategies, gene replacemeniesatty

2.2 Dystrophin: gene and protein

2.2.1 Gene character

The dystrophin gene was identified in 1986 on X chromosome, spanningilkob tmase
pairs and is composed of 80 exons. It is located on the short (p) &ne Xfchromosome at
position 21.2(Boyd and Buckle, 1986).
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Figure 2-3: Cytogenesis Location: Xp21.2(http://ghr.nlm.nih.gov/gene=dmd
Molecular Location on the X chromosome: base pairs 31,047,265 to 33,267,646

There are 3 active promoters at the 5-end of the gene and additber@al promoters
(depicted by arrows) that drive expression of smaller amimontatly truncated gene
products. The three products are designated Dp427 (Brain), Dp42¢i@)usnd Dp427
(Purkinje cells) to reflect their tissue-specific expresgattern. The smaller isoforms are
produced from distally located promoters expressed in the retinaD260), brain

(B3:Dp140); Schwann cells (S: Dp116) or are general (G: Dp71) ubiquitously expressed.

Dpd27(B)
Dpﬂ?’f["]
npur{p] Dp260 (R) Dp140 (B3) Dp1186 (S) |Ep;1 (G)
ENDN t3|'.l| "“ | IEE :

1000 1500 !ﬂﬂﬂ 2500kb

Figure 2-4: Schematic showing the expression pattern of dystrophin gern@lake et al,
2002).

Gene deletion testing is the basis of clinical diagnosis buttdetaly 60% of mutations

(Dent et al, 2005). The remaining 40% of cases involve missense/nonsense mutations or
small insertions or deletions.

2.2.2 Dystrophin protein

20



Introduction

Dystrohin protein is a 427-kDa cytoskeleton protein that is a beeraf thep-spectring-
actinin protein family (Koeniget al, 1988). The identifiable domains in the cysteine-rich
region and COOH terminus (CYS) of dystrophin are identifiedsti@phin is organized into
four separate regions based on sequence homologies and protein-bindingtieapaliey
are actin binding-domain at NH2 terminus; the central rod domairgyiteine-rich domain
(CYS) and the COOH-terminal domain (CT). The identifiable domisrtee CYS and CT
region are WW domain, the EF hands, the ZZ domain, and the paited-coil (CC). The
amino-terminal actin-binding domain is responsible for anchoringaptsin to cytoskeletal,
filamentousy-actin (Rybakovaet al, 2000). The central rod domain of dystrophin consists of
24 spectrin-like repeats. Like other spectrin repeats, three Ihatidles align to form each
repeat unit and provide structural stiffness. Flexibility of theremion is thought to derive
from breaks in the spectrin repeat pattern at four hinge regiorthe ALOOH-terminus, the
CYS and CT region interact with the intracellular portion of taes-membrane protei+
dystroglycan (DG), syntrophin (SYN), and the dystrobrevin. The azgtan of utrophin
protein is very similar to dystrophin, whereas the DRP2 and theobdysvin proteins only

have sequences similar to COOH-terminal of dystrophin.
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ACTIN-
BINDING ROD DOMAIN

DYSTROPHIN

DRP2

o-DYSTROBREVIN-1

p-DYSTROBREVIN

w-DYSTROBREVIN-2

o-DYSTROBREVIN-3

Figure 2-5: Structure of dystrophin and related proteins (Blake et al, 2002). Utrophin is

highly similar to dystrophin. DRP2 and the dystrobrevin proteins loalye sequence similar

to the COOH-terminal region of dystrophin as shown. didystrobrevin-1 isoform has an

additional site for tyrosine phosphorylation (Y) in C-terminal.

2.3 Dystrophin Associated Protein Complex (DAPC)-Protein and

Location

The DAPC is composed of trans-membrane, cytoplasmic and esittdac proteins. The

DAPC links the extra-cellular matrix (ECM) to the actinwnatk underlying the muscle

membrane. A disruption of this link is thought to cause the myopathyvelsen DMD
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patients. With the emergence of data on numerous and diverse conspohéme protein
complex and how they interact with each other, it has become simogbaclear that the
DAPC holds both structural and signal transduction properties. Knowparants of DAPC

include dystrophin, sarcoglycan, dystroglycan, dystrobrevin, syntrophin, andpearcos

Lamanan-2

Extracafular matrix ASCASD

~dyetroghpcan
bt SO

e -
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Figure 2-6: The interaction of DAPC (Sciandraet al, 2003). The integral components of

the DAPC include: dystrophin, dystrobrevin, sarcospan, dystroglycartrophin; other
proteins are associated with the DAPC: NOS, Grb2, Caveolin-3, etc.

2.3.1 Dystroglycan and the Dystroglycan Complex

Dystroglycan is a core protein of the DAPC because it contteetsytoskeletal components

of DAPC to the extra cellular matrix (Henry and Campbell, 1998 protein is produced
from a single gene and is posttranslational cleaved to produe&d  subunits. a-
dystroglycan forms an important connection to the extrauleellmatrix through its
interactions with thex2 chain of laminin 2. There are studies also reveal the iti@mac
betweeno-dystroglycan and agrin, perlecan with varying affinitieelfenesteet al, 1999).
These interactions are €adependent, and calcium is found bound to the edge of the LG5

interaction face of laminin2-chain.

23



Introduction

a-dystroglycan binds the N-terminus pfdystroglycan.p-dystroglycan has a single trans-
membrane domain and is inserted into the muscle plasma membrane with thet€@®Hs
binding to the cysteine-rich region of dystrophin (Suzekial, 1992; Junget al, 1995;
Rentschleet al, 1999).

The binding partners of dystroglycan have been identified. TheyGal2, caveolin-3, and

rapsyn. Their roles in DAPC involved signal transduction will be discussed below.

2.3.2 Sarcoglycan complex and Sarcospan

In skeletal and cardiac muscles, the sarcoglycan complex isosah of six sarcoglycans;

B, v, 9, & { and a member of the tetraspan family of proteins calledbs@ao (Lim and
Campbell, 1998; Crosbiet al, 2000). The presence of the sarcoglycan complex is required
for the stability of sarcospan at the plasma-membraaad s-sarcoglycan belong to type |
trans-membrane protein, which has a single trans-membrareh stfetydrophobic residues
with the portion of the polypeptide on the N-terminal side of thedbvhain exposed on the
exterior side of the membrane and the COOH-terminal portion exmwsdue cytoplasmic
side; while the rest of them belong to type Il trans-membpaoiein which are similar to the
type | class in that they span the membrane only once, but theyheavamino terminus on
the cytoplasmic side of the cell and the carboxy terminus on the exterior. Inxgéoneents,

a, B, y and d-sarcoglycan relate to the correct assembly and tkaificof sarcoglycan
complex to the membrane (Chahal, 1998; Holt and Campbell, 1998). Evidence showed
over-expression of-sarcoglycan in mice is associated with an increase iretteés| ofa- and

B-sarcoglycan, which causes muscular dystrophy @tlal, 2001).

Sarcospan-null mice maintain the proper assembly of entire DABGRow normal muscle
function and histology that is due to the highly diverse of tetraspamiiyfaso additional
sarcospan-like proteins may accommodate the loss of sarcospamfq@ret al, 2000;
Lebakkenet al, 2000).

It is now considered that sarcoglycan-sarcospan complex is snpdidr anchoring or

stabilizing the DAPC in sarcolemma. Batksarcoglycan-null mouse andsarcoglycan-null
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mouse display the depleted levels of dystroglycan, but the ndooadization of dystrophin
and laminin (Ilwateet al, 1993; Roberdst al, 1993; Haclet al, 1998; Straulet al, 1998).

2.3.3 Syntrophins

The syntrophin family has five members;: 1, 2, y1, y2. They have a similar domain
structure consisting of a split PH (pleck-strin homology) domainiatatt PH domain, a
PDZ domain, and the syntrophin unique region at the COOH terminus (Aetaahs 1993;
Ahn et al, 1994; Ahnet al, 1996; Piluscet al, 2000).

They are potentially involved in a number of cellular functions. Tyr@rgphin interacts
different molecular mostly with PDZ domain. It binds dystrophin asttystrobrevin in their
COOH-terminal but binding nNOS between the peptide groove of th& dithain ina-

syntrophin ang-hairpin finger of nNOS (Hillieret al, 1999; Tochicet al, 1999; Neweet

al., 2000). Besides, sytrophin also binds SAPKS, voltage-gated sodium chatmsidalin,

SAST/MAST205, and Erb4 according to yeast two-hybrid research (Neetkadll 1997; Gee
et al, 1998; Ilwataet al, 1998; Hasegawat al, 1999; Lumenget al, 1999; Garcieet al,

2000).

2.3.4 Dystrobrevin

The dystrobrevin family is encoded by 2 different genes, located iamghromosome 2, 18
respectively; correspond t@- and B-dystrobrevin.a-dystrobrevin gene encodes at least 5
different protein isotypes (Blaket al, 1996; Sadoulet-Pucciet al, 1996).a-dystrobrevin-1
and -2 are found in neuromuscular junction and sarcolemma (Metzeiget, 1997,
Nawrotzki et al, 1998; Petergt al, 1998).a-dystrobrevin-3 is a component of skeletal and
cardiac muscle, location unknown. More evidences suggest-tiydtrobrevin is associated
with the sarcoglycan complex and mediated by the N-termegibm, anchoring all three
dystrobrevin isoforms to the DAPC (Yoshidial, 2000).
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a-dystrobrevin binds directly to dystrophin with coil-coil domasdystrobrevin deficient
mice displayed mild muscular dystrophy without perturbing the dslyent the other
components of DAPC at the sarcolemma. Transgadixmice expressing dystrophin lacking
dystrobrevin binding domains displayed normal muscle function (Crawdoral, 2000).
Taken together, dystrobrevin can bind to DAPC without dystrophin and to npréve

development of a myopathy.

2.4 Dystrophin Associated Protein Complex (DAPC)-Binding
Partners and related Signaling Pathway

Many studies suggest that muscular dystrophies are relatieel thanged signal pathway that
caused muscle cell death. The DAPC thus plays an essentiah riblese pathways. First,
people found that DAPC or their homolog can express either musdiicspe non-muscle
tissues, which suggesting a general function (Durbeej and Camp®@d; Kachinskyet al,
1999; Ortet al, 2000). Second, numerous signaling molecules are associated with &APC
mentioned above and the list continues to expand. Interestingly, theitionsit@ause
muscular dystrophies. People suppose that the muscular dystropbeedr@n defects in
enzymes or the disruption of the DAPC structure, but finally, therfinthat apoptosis is an
early feature of muscular dystrophies due to DAPC defects (Tidbal, 1995; Tews and
Goebel, 1997) supports that DAPC may be a part of the signaling patihataggulates cell

survival and cell death.
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Tablel 2-1:DAPC and their binding

partners involved in signaling pathways

27

DAPC Component Binding Role of Signal Pathway in Muscle
Partner
Dystrophin F-actin Structural stability
Aciculin provide an additional cytoskeletal-matrix trans-
membrane link
calmodulin regulatory of phosphorylation, probably involved in
apoptosis
Dystrobrevin Dysbindin Anchoring dystrobrevin to DAPC
Syncoilin provide a link between DAPC and intermediate filament
Desmuslin cytoskeletal network in muscle
a-dystroglycan Agrin infects the stabilization of the AchR cluster and the
formation of the specialized extrgunction sarcolemma
Perlecan provide a link between extra-cellular matrix and DAPC
p-dystroglycan Laminin
Grb2 represent a link between DAPC defects and apoptotic
muscle cell death via Ras/MAPK signaling pathway
Rapsyn required for the clustering of AchR at the developing
neuromuscular junction
Caveolin-3 critical for the localization of Src
a—syntrophin nNOS mediate cGMP production and regulates diverse
physiological response, regulate cell death
Calmodulin participate in regulation of muscle cell survival with
calcium-calmodulin-dependent protein kinase (Cam
Kinase II)
B-syntrophin SAPK3 ND
Voltage-gated ND
sodium channels
MAST205/SAST | ND
ErbB4 ND
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2.4.1 Pathway with Dystrophin

Dystrophin is the target of a variety of proline-direct anthséheronine kinase (Luiset al,
1993; Milneret al, 1993; Walstet al, 1995). There are many potential phosphorylation sites
in the C-terminal region of the protein. The phosphorylation of dystragtanges its affinity

for actin (Senteret al, 1995). The physiological significance of the phosphorylation of
dystrophin and whether this plays a role in signal transductidmeaietruitment of signaling
molecules to the membrane has yet to be determined. Besidesditsgbactin and DAPC

proteins, dystrophin also binds 3 other molecules:

A. Aciculin

Aciculin is a 60-kDa cytoskeletal protein, highly homologous to theofjtic enzyme
phosphoglucomutase type 1. Aciculin expression in skeletal muscle isopieeatally
regulated, and this protein is particularly enriched at celtixnadherens junctions of muscle
cells (Belkin and Burridge, 1994). Dystrophin was shown to be arnaajculin-associated
protein in skeletal muscle. Association of aciculin with dystropbtrophin) in various cell
types might provide an additional cytoskeletal-matrix trans-bmane link at sites where

actin filaments terminate at the plasma membrane.

B. Calmodulin

Calmodulin binding sites have been found both in dystrophin and syntrophinsrg¢gimeé
al., 1996). Calmodulin binds to dystrophin sequence 1-385 in“&d&pendent manner and
competitively inhibits F-actin binding (Jarrett and Foster, 1995).

The interaction regulates not only dystrophin-actin interaction, lsat thie components of
DAPC. The binding of calmodulin to DAPC proteins is particularligvant to signaling
functions because of the association of a calcium-calmodulin-dependein kiaaise (Cam
Kinase Il) with the DAPC. CaM Kinase Il phosphorylate a sitthin the C-terminals of
dystrophin which inhibits their syntrophin binding in vitro, suggestirrggulatory role for
phosphorylation (Madhavan and Jarrett, 1999). Many protein kinases, inclualhd@ase
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II, participate in cellular processes that regulate apoptésaKlin and McCubrey, 2000).
The DAPC may serve as a scaffold for calmodulin and CaM Kihlaggvolved in the

regulation of muscle cell survival.

C. a-actinin-2

a-actinin-2 was found by screening the human skeletal muscletyembtybrid cDNA library
with the carboxyl-terminal region (the last 200 amino acids) strdghin. This is the first
identification of a direct interaction betweeractinin-2 and C-terminal of dystrophin (Hance
et al, 1999).

2.4.2 Pathway with Dystrobrevin

There are several tyrosine kinase consensus sites in then@akrmregion of certain
dystrobrevin isoforms. This suggests that the protein-protein ititerxaanay be modulated
by tyrosine phosphorylation (Balasubramaniah al, 1998). Specially, dystrobrevin
phosphorylation has the prosperity to increase its affinity for atpgirophin family proteins

via coiled-coil motifs.

The precise role of the dystrobrevin in relation to DAPC atstireolemma is unclear, but
they are proposed to play a role in intra-cellular signal transduction in thixtcbytstudying
its binding partners: dysbindin (Bensat al, 2001), syncoilin (Neweyet al, 2001) ,
desmuslin (Mizunceet al, 2001).

Dysbindin is an evolutionary conserved 40-kDa coiled-coil-containing iprtétt@t binds to
alpha- and beta-dystrobrevin in muscle and brain. Dysbindin co-lesalath alpha-
dystrobrevin at the sarcolemma and is up-regulated in dystrophaledéfmuscle. It may
provide an alternative route for anchoring dystrobrevin and the DPC to the meschrane.
Considering syncoilin and desmuslin are both predicted to be interméthatent proteiny-

dystrobrevin may provide a link between DAPC and intermediate ditdncytoskeletal

network in muscle.
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2.4.3 Pathway with Dystroglycans

The dystroglycan complex plays an important role in musgladiing as a receptor for the
extra-cellular matrix protein. Dystroglycan involves in massftlular processes, such as
epithelial development and viral adherence/infection and neuromuganttion formation
(Chamberlain, 1999; Henry and Campbell, 1999). The binding partners of dystropave

been identified and listed below:

A. Agrin

The organization of the extra-cellular matrix appears tofeatare of dystroglycan function,
based on the studies on agrin, which infects the stabilization of ¢h® Aluster and the

formation of the specialized extrgunction sarcolemma (Jacobsenal, 2001).

B. Grb2

Grb2 is a 25-kDa protein composed of a Src homology 2 (SH2) domainsdiagkeo Src
homology 3 (SH3) domains and participates in signal transduction pathweolved in
receptor tyrosine kinases and Ras signaling (Lowenstea, 1992; Chardiret al, 1995).
Grb2 binds to praline-rich sequences in the COOH-terminsdystroglycan. Through this
interaction, B-dystroglycan can participate in the transduction of extedlular-mediated
signals to the muscle cytoskeleton (Yaegal, 1995). As disruption of DAPC leads to
muscle cell apoptosis, where muscle cell attachment to the EM@rturbed, Grb2 may
represent a link between DAPC defects and apoptotic muscle el d@ Ras/MAPK
signaling pathway (Tidbakt al, 1995; Tews and Goebel, 1997).

C. Caveolin-3

Caveolae are involved in many cellular processes. Its chastictgrrotein coat, caveolin,
demonstrates the target to the plasma membrane is required rioal rcaveolar formation
(Park et al, 2002). In the three caveolin isoforms, caveolin-3 is a muscle-spe&ofiorms

(Tang et al, 1996). Caveolae are thought to be docking sites for signalinginsotnd
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caveolin-3 is critical for the localization of Src (Smytbeal, 2003), which is involved in
apoptosis. The study showed the absence of caveolin-3 increasebanagoptosis by

causing accumulation of Src.
D. Rapsyn

The 43 kDa AchR-associated protein rapsyn is required for theeighgstof AchR at the
developing neuromuscular junction (Cartaatcal, 1998). The hypothesis is that rapsyn may
be a molecular link connecting the AchR to the DAPC (Agehl, 1995). Activation of
AchRs leads to calcium influx via the ligand-gated ion channeJAcBRs) or indirectly via
sodium influx-stimulated calcium from intracellular store§Allard et al.,1996;
Cherednichenko et al., 2004

Interestingly, a recent study shows that the AChR-assoc@totein rapsyn interacted with
calpain in an agrin-dependent manner, and this interaction inhibiteddteage activity of

calpain (Cheret al, 2007). Calpains are a family of cytosolic,’Gactivated proteases that
may prove significant in cell death (necrosis and/or apoptosiggiatsd with increased

intracellular C4". Cholinergic stimulation increases the activity of calpain in muscls. cell

2.4.4 Pathway with Syntrophins

Syntrophin is phosphorylated by a calcium-calmodulin-dependent proteine kit@sM
Kinase II) and by stress-activated protein kinase-3 (SAPKHZsegawaet al, 1999;
Madhavan and Jarrett, 1999).

A. nNOS

Activity of the enzyme nitric oxide synthase (nNOS) leamishe production of NO, which
modulates many intracellular signaling pathways. nNOS is lotetedath the sarcolemma of
skeletal muscle fibers. A clinically relevant aspect of nN®8s absence from the skeletal
muscle sarcolemma of patients with Duchenne muscular dystr@gWp). A concept is

presented which suggests that, as a consequence of the disruption adysttuphin-
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glyoprotein complex in DMD; nNOS fails to become attached to #reolemma and is
subject to downregulation in the cytosol. In muscle, NO mediated c@Méuction and
regulates diverse physiological response, such as contragtdgon, glucose metabolism,
and calcium mobilization (Grozdanovic and Baumgarten, 1999). A poteoigabf NNOS in

the pathogenesis of DMD is its regulation of vascular smooth musoe (Thomas and
Victor, 1998; Sandeet al, 2000). A hypothesis supposed that DAPC defects and nNOS
deficiency lead to muscle cell death. NO itself has been iatplicas a regulator of apoptotic
and necrotic cell death, suggesting that alteration in nNOS mughtelpful to disease
pathogenesis and another potential link between DAPC and DMD/BMD (Btuale 1999).

2.5 Utrophin

Utrophin is an autosomal paralogue of dystrophin. Over-expression of Utrophin asgetra
in themdxmouse (the mouse model of DMD) has demonstrated that Utrophin cemipitee

muscle pathology.

2.5.1 The Utrophin gene and protein

The utrophin gene has a large genomic region about ~1Mb with mulmalé exons (Pearce

et al, 1993). The cDNA of utrophin derives from an autosomal gene (chromosome 6
humans, 10 in mice) (Bucklet al, 1990). It is 13kb long and encodes a protein with 3433
amino acids and a predicted molecular mass of 395kDa (Tiaesky 1992). The structure of
utrophin protein is similar to dystrophin protein (Figure 2-5).

2.5.2 Functional Domains and Binding Partners of Utrophin

The NH2 terminus of utrophin binds to actin, similar to dystrophin busbae differences:
utrophin lacks the additional actin-binding activity associated witluyis&rophin rod domain
(Amannet al, 1999); the NH2 terminus of utrophin contains a short extension reitiexi
dystrophin (Moores and Kendrick-Jones, 2000).
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The COOH-terminal of utrophin binds members of DAPC (Tingegl, 1992), such ap-

dystroglycanp-dystrobrevin-1, syntrophins, and sarcoglycans.

2.5.3 The Utrophin Function

Considering the similarity of structure and binding domains betweephutr and dystrophin,
the hypothesis that utrophin is sufficiently like dystrophin to substifoir it and ameliorate
the pathology of muscular dystrophies has been tested by generating lse®@imdx mice
harboring utrophin trans-genes (Tinsktyal, 1996; Tinsleyet al, 1998). These studies show
that increased muscle fiber utrophin significantly reduces pathokgy abnormalities of

calcium homeostasis and membrane permeability are also corrected.

2.6 Three hypotheses about the mechanism of DMD

2.6.1 The structural hypothesis

According to the location of DAPC in the trans-membrane of reusell, one hypothesis for
explaining how the absence of dystrophin leads to the extensiveenmestbsis characteristic
of late-stage DMD indicates that dystrophin plays an importanttaral role in ensuring that
the membrane stresses associated with muscle contraction aioth @@selopment do not
lead to membrane rupture and subsequent muscle necrosis (Engel @saidiAm@nstrong,
1994).

It suggests that periodic membrane ruptures in dystrophic mestl# in the loss of muscle
enzymes and an exchange with extracellular fluids that would mteacellular ionic
concentrations and thereby eventually lead to cell death (ElbrinKatitbtra, 1985). Focal
lesions in the plasma membrane overlying wedge-shaped defectascle fibers {delta
lesions™) are an early pathological change in Duchenne muscular dystrdpkip)(
Abnormalities in the plasma membrane have been suggesteduseatthese lesions and of
the degeneration of muscle fibers in DMD. The presence of membdalta lesions”, which

identified DMD as a membrane disease prior to the discoveryeotytoskeletal protein
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dystrophin (Engel and Franzini-Armstrong, 1994), is partly supportypethesis. Recently,
evidence found il€. eleganshows that the disruption of the muscle cell adhesion is probably
an early event during muscle degeneration caused by absentroptys (Lecroiseyet al,
2008)

2.6.2 The lon Channel hypothesis

Regarding to the subsarcolemmal localization of dystrophin réasonable to enquire if the
distribution and function of ion channels might be affected by the abséugstrophin. This
hypothesis considers the dystrophic process as a consequenceladsthad intracellular
calcium homeostasis and the subsequent activation of autoproteoliittescin dystrophin-
deficient fibres (Duncan, 1978; Turnet al, 1988). C&" handling in skeletal muscle is
tightly controlled by the membrane potential which is set bgodammal ion channels

activity.

Mariol MC et al observed that i€aenorhabditis elegans gain-of-function mutation in the
egl-19 calcium channel gene dramatically increases muscle degemern dystrophin
mutants. Conversely, RNAi-mediated inhibition @&fgl-19 function reduces muscle
degeneration by half. Therefore, it demonstrates that calciunmehactivity is a critical
factor in the progression of dystrophin-dependent muscle degendratibalegangMariol
and Segalat, 2001). Up to now, however, no one has been able to detefratherwhe
increased calcium influx through these channels is the causergfist an associated
phenomenon with the degeneration process.

2.6.3 The Signal Transduction hypothesis

As discussed above, the DAPC provides a means of communicatmgHeoextra-cellular
matrix to the cytoskeleton and the members of this protein corapdepelated to many signal

pathways.

Among these pathways, that relevant to muscle atrophy are tbomsesuch as Grb2 and

calmodulin which are mentioned above; even dystrophin itself is capBbiediating signals
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related to muscle atrophy and hypertrophy (Achamtyal, 2005). There is a growing body
of literature demonstrating that alterations of normal sigreistiuction pathways play
critical roles in the pathogenesis of various muscular dystreffRando, 2001), but there is
no evidence that a signal pathway predominates or that therenel admmon pathway for

cell death in the dystrophies.

Further studies will be necessary to examine the interactiorm@ the various signal
transduction pathways to determine the relative contribution of tpattevays to the

pathogenetic mechanisms of muscular dystrophies.

35



Introduction

Chapter3 Overview of Protein Kinase C

3.1 Introduction

Protein kinases are kinase enzymes that modify other proteiesnoying a phosphate group
from ATP and covalently attaching it to a protein that have a figdroxyl group

(phosphorylation).

ADP ®P) ADP

Phosphorylation
(kinase)

®)

tei Protein

Dephosphoryfaﬁm:\ //
(Phosphatase) ;/7/

®

Figure 3-1: Reversible protein phosphorylation.

(http://nobelprize.org/nobel_prizes/medicine/laureates/1992/presk.hnl protein  kinase

moves a phosphate group (P) from ATP (ADP (P)) to the proteinbidlagical properties of
the protein are thereby altered. There is also a protein phosplia#d is able to remove the
phosphate group. The amount of phosphate that is associated with the praieus is

determined by the relative activities of the kinase and the phosphatase.

Phosphorylation usually results in a functional change of the targ&impr(substrate) by
changing enzyme activity, cellular location, or associatioth wther proteins. Kinases are
known to regulate the majority of cellular pathways, especialbgg known involved in

signal transduction, the transmission of signal within the cell.
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Protein kinase C belongs to serine/threonine specific protein kinakesh phosphorylates
the OH group of serine or threonine. Activity of these protein kimasn be regulated by
specific events (e.g. DNA damage), as well as numerous cHesigizals, including
cAMP/cGMP, diacylglycerol (DAG), and Ecalmodulin.

3.2 Protein Kinase C Super family

Currently, at least 12 PKC isozymes have been cloned (Hagtahi 1999), and individual
isozymes have been implicated in such diverse cellular resposisedra-cellular stimuli,
modulate contractile properties, and promote cell growth and survikalrapid growth of
knowledge in the area of PKC signaling and PKC substrate intaractmay further our
understanding on the muscle diseases such as Duchenne Muscular Dystrophy.

3.2.1 PKC Isotypes

The 12 isoforms of PKC are grouped in to 3 categories based oseheences and enzyme
properties: classical/conventional PK& B, Bll, y); novel PKC §, €, 0, n/L), and atypical
PKC (¢, My (Figure 3-2). Recently, a fourth subfamily, composed of two clossjted
isozymes (, v), has been identified by cloning and sequence analysis (Hatasdhil999).
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Regulatory Kinase
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Figure 3-2: The primary structure of PKC isotypes. All kinases have a conserved kinase

core (colored cyan) and C-terminal extension that contains two reedsphosphorylation
sites: the turn motif and hydrophobic motif (shown by pink circles). kKihases vary in the
nature of the regulatory moiety. PKC isoenzymes differ primarnl the composition of
membrane targeting modules in the regulatory moiety. All isoaagyhave an autoinhibitory
pseudosubstrate sequence (shown in green) that is N-terminal @ltlode®main (colored
orange); the C1 domain is a tandem repeat for conventional and nd®s| &kd functions as

a diacylglycerol sensor. Atypical PKCs have an impaired C1 dothat does not respond to
diacylglycerol/phorbol esters. Conventional PKCs have a C2 domain risimoyellow) that
serves as a Garegulated phospholipid-binding module ; the C2 domain in novel PKCs binds
neither C&" nor membrane phospholipids. (Newton, 2003)

All PKC consist of a regulatory domain and a catalytic domainagde domain) tethered
together by a hinge. The kinase region is highly conserved amomgffgrent isoforms that
contains two conserved phosphorylation sites: the turn motif and hydrophaif. The
regulatory domain or the N-terminus of the PKCs contains seskaaed sub-regions: C1,
C2, and pseudo-substrate region. The second messenger requirementcdgfererthe

isoforms are a result of the regulatory region.

Conventional PKC: Members of conventional PKC possess two NH2-terminal regulatory
domains (C1/C2). The C1 domain is the diacylglycerol (DAG) or phorbol ester feataamnti
sensor and the C2 domain is thé Gaensor (Steinberet al, 1995).
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Novel PKC: Novel PKCs contain a functional C1 domain, but not a non-ligand-binding C2

domain: these isozymes respond to DAG, but nét €ignals.

Atypical PKC: Atypical PKCs contain a non-ligand-binding C1 domain and no C2 domain
and, as a consequence, respond to neither DAG riér Thee C1 domain is a small globular
structure (approx. 8kDa) (Bogt al, 1999). Conventional and novel PKCs have two C1
domains. The ligand-binding pocket of the C1 domain is impaired in atypical PKCs, amd thes
isoenzymes do not respond to either DAG or phorbal esters (Hairddy1997). The C1

domain also specifically binds phosphatidylserine (Johesah, 2000).

3.2.2 The Mode of Regulation of PKC

.signaiing molecule

G-protein-linked . inositol phosphalipid
receptor activated |

phospholipase C ,.f’ diacylglycerol

//.-',r ,I\"x"
) protein
activated G-protein (®) ® kinase C

& subunit inositol ®
1,4,5-trisphosphate ., agcah

(1Ry)

endoplasmic
reticulum

.

Figure 3-3: Pre-signal pathway before PKC activation processlhe binding of a hormone

or other effect molecules to the membrane receptor resultgivateon of phospholipase C
(PLC) or phospholipase A2 (PLA2) via a G-protein-dependent phenomenon cilVedeal
PLC hydrolyzes phosphatidylinositol-4, 5-bisphosphate (PIP2) to produceddd@ositol-
1, 4, 5-trisphosphate (IP3). The IP3 causes the release of endogefbtisaChinds to the
cytosolic PKC and exposes the phospholipid-binding site. The binding%ft@aslocates
PKC to the membrane, where it interacts with DAG and is wamsfd into a fully active

enzyme.
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The activation of PKC occurs in three steps:

a. the phosphorylation at the activation loop of the kinase domain of the enzim3-
phosphoinositide-dependent protein kinase-1 (PDK-1) ([2ual, 1998)

b. auto-phosphorylation after PDK-1 dependent phosphorylation, which is fiacilisd
two key COOH-terminus sites of the protein; a turn motif consearsong all PKC
isozymes (THP°Thr®*) and a hydrophobic phosphorylation motif (88rconserved
in conventional and novel PKC isozymes (Dwtilal, 1998; Dempsewt al, 2000).
The atypical PKC isozymes differ by the insertion of an adilu residue in place of
Sef®® The phosphorylated enzyme is then released into the cytosol whire it
maintained in an inactive conformation by binding an auto-inhibitory sequémeze
pseudo-substrate.

c. Membrane recruitment in response to DAG and phosphatidylseringo(@®&les the
energy to expel the pseudo-substrate sequence from the substratg-badiy, thus
activating PKC for downstream signaling (Dempsgyal, 2000). On binding DAG
and elevation of G4, the enzyme binds firmly to the membrane, the pseudo-substrate

detaches from the catalytic site and the cell becomes both competent anitblaccess

catalytically incompetent catalytically competent active
but inactive

ATP ADP 2 ATP 2 ADP

'PKC kinase auto-
(PDK1) phospherylation
Thr-500 | ,__Tﬁ—ﬂ, Ser 660

Figure3-4: Activation of PKC steps. The catalytic site is accessible to substrate but wecti

Three different phosphorylations follow, rendering the enzyme catallyticompetent but
still inactive. Substrate access is prevented by attachof¢hé pseudosubstrate to catalytic

site. On binding DAG and €§ the enzyme binds firmly to the membrane, the pseudo-

40



Introduction

substrate detaches from the catalytic site and the systeambscboth competent and

accessible.

3.3 Molecular Basis of PKC Signaling Pathway in Different
Muscle Cell Types

PKC was originally identified as a phospholipids and calcium-depetkdeage (Takaket al,
1979). Consistent with their different biological functions, PKC isofodifer in their
structure, tissue distribution, sub-cellular localization, mode ofvaain and substrate
specificity. Activation of PKC isozymes results in changestheir sub-cellular location
following translocation to specific anchoring proteins. Activat&CRhen phosphorylates
and activates a range of “kinases”. The downstream events foll®4Ggactivation are little
understood, although researches in cell lines bring out some resalisas the MEK-ERK
(mitogen activated protein kinase kinase-extra-cellular sigeldted kinase) pathway
(Marshall, 1996; Cakt al, 1997) and PI3K-Akt pathway (Balendrat al, 2000). PKC
isozymes probably form part of the mutrotein complex that facilitates cellular signal

transduction.

Within a number of pathways which PKC are involved, we will onlgrafit to discuss

apoptotic regulatory mechanisms.

Apoptosis is mediated by 2 central pathways: the extrinsic oh dee¢ptor pathway and the
intrinsic or mitochondrial pathway (Danial and Korsmeyer, 2004).
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Cytokines (e THF, Fas)
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Figure 3-5: Apoptosis pathways.n the extrinsic pathway, activation of the death receptor

stimulates the DISC assembly, leading to activation of procagpassivated caspase-8 then
cleaves the downstream procaspase-3, resulting in proteolysaldéarcsubstrate and cell
death. In the intrinsic or mitochondrial pathway, extra-cellular iatrdcellular stimuli are
transimitted to the mitochondria via the Bh-3only proteins and Bax when translocate to
the outer mitochondrial memebrane. The release of cytochromeac/[3MBLO, and other
apoptogens is stimulated by Bax and Bak. Cytochrome C, Apaf-1, dATHracaspas-9
together form the apoptosome, leading to activation of procaspasa:-3a. Bh3-only protein,
is a direct substrate of caspase-8 and connects the exémubkiatrinsic pathways. Cleavage
of Bid releases the C-terminus end of Bid, which then translotatesd inserts into the outer
mitochondrial membrane thus trigging the activation of Bax and Bak ralehse of

cytochrome c.
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Both the activation and the inhibition of PKC have been linked withitlkdection of
apoptosis. PKGr and PKCBII generally seem to be anti-apoptotic (Gessl, 1994; Leeet

al., 1996). PKCea phosphorylates the anti-apoptotic protein BCL-2, potentiating its anti
apoptotic function (Ruvolet al, 1998).

However, PKCs can be pro- or anti-apoptotic depending on the cell type or sigoaived
(Crosset al, 2000; Wert and Palfrey, 2000). Another mechanism by which the PKiGyfam
influences apoptosis is through the PI3K-Akt pathway. RKB; n directly phosphorylate
Akt (Aederet al, 2004; Kawakamet al, 2004; Partovian and Simons, 2004). Moreover, both
PKC and Akt can phosphorylate a serine/threonine kinase involved iabotisi,
development and apoptosis, glycogen synthase kif{&SE3B) (Goodeet al, 1992; Cross

et al, 1995; Fanget al, 2002). Therefore, cross-talk between the PI3K and PKC pathway

might influence apoptosis.

3.3.1 Roles of PKC in Cardiac Myocytes

PKC isoforms expression

Several PKC isozymes are present in the heart. The isozyrdeande PKC are consistently
detected in both neonatal and adult ventricular myocytes by neaegrches (Disatnigt al,
1994; Puceaet al, 1994; Rybin and Steinberg, 1997PKC is present in cultured neonatal
ventricular myocytes and also in adult rat and rabbit heara@xt{Erdbruggeet al, 1997,
Ping et al, 1997)( PKC has been detected in neomatal myocytes (Disatnéd, 1994),
although it has been suggested that this immuno-reactivity mageepioss-reactivity with
A PKC (Rybinet al, 1997). The most inconsistently detected isozynfieR&C. The presence
of Bl and Bll PKC has been demonstrated in neonatal rat ventricular mg®oyt immuno-

fluorescence (Disatnikt al, 1994).

Identification of target proteins for activated cardiac PKCs isozymes
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Although cardiac PKC isozymes may sub-serve different functiahes with respect to the
phenotype and physiological properties expressed by muscle dwdlisidentity of the
individual isozymes that control cardiac gene regulation and trigyerse responses in
myocytes is largely unknown. The availability of geneticallygiaeered mice and the
application of molecular pharmacology to study PKC substrateacitens have led to the
identification of transcription factors (AP-1), genes (T@&H; and intra-cellular proteins
(troponin [; Tnl), that are substrates for activated PKC isesylimking heart disease such as
diabetes, myocardial fibrosis, hypertrophy, etc (Jideaimal, 1996; Malhotraet al, 1997,
Takeishiet al, 1998).

A growing body of evidence indicates that the L-typé*@hannel in cardiac muscle cells is
also a target for PKC isozymes (Petial, 1997; Kamp and Hell, 2000). Alteration in density
or function of L-type C& channels have been implicated in a variety of cardiovascular
diseases, including heart failure (Balke and Shorofsky, 1998; Rickttaed, 1998), and
ischemic heart disease (Aggarwal and Boyden, 1995). In vitro studiesdieenonstrated that
the a1 andpB.a subunits of the L-type Gachannel are substrates for PKC isozymes (Bourinet
et al, 1992). The ultimate effect of stimulation of PKC eg rnay be closely related to the
isoforms of PKC activated by a particular signaling pathwaghemical molecules because
the PKC isoforms are expressed in developmentally regulaesties-dependent, and
disease-specific fashion in the heart (Puadadl, 1994; Cohen and Downey, 1996; Rybin
and Steinberg, 1997; Rybet al, 1997).

In the last decade, there has been increasing evidence sogglestimportance of apoptosis
in the development and progression of cardiovascular disease. The rafmpmbsis in
development of ischemic heart disease, hypertensive heart disedsnd-stage heart failure
has been well documented (Cheh al, 1994; Narulaet al, 1996). And there is now
considerable evidence that a variety of PKC isoforms als@saenajor modulators of the
myocytes death machinery, having both pro- and anti-apoptotic effects.

3.3.2 Roles of PKC in Smooth Muscle Cells

PKC isoforms expression
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Smooth muscle cells (SMCs) express at least 8 isotypes of PK&{(l&dh2001). PKCa is a
universal isoforms that is expressed in almost all blood vessstisd. PKCr is mainly
expressed in the neurons and vascular nerve ending.6PKQ@nrainly associated with the
vascular cytoskeleton. PKCis a universal isoforms that has been found in many tissues.
PKC+/L has been found in the lung, skin, heart and brain while RK-expressed in the
ovary and testis (Kanashiro and Khalil, 1998).

Functions of PKC in Vascular Smooth Muscle (VSM)

Several studies suggest a role for PKC in VSM contractiorhiNika, 1992; Horowitzt al,
1996; Kanashiro and Khalil, 1998; Dallas and Khalil, 2003; McNairal, 2004). PKC
activation causes significant contraction in isolated vasculapapagons while PKC

inhibition causes significant inhibition of vascular contraction.

Increased expression/activity of PKC isoforms in VSM could cawseessive
vasoconstriction as well as trophic vascular changes leadimgr®ased vascular resistance

and hypertension (Liou and Morgan, 1994; Horowital, 1996).

Apoptosis of VSM is a well established component of the remodédhag dccurs during
normal development of the circulatory system (Arends and Wylliel;1B8uriedelet al,
1998). The novel PKC isoforms, PKX-in SMCs led to accumulation as well as
phosphorylation of p53, which is the tumor suppressor; this induction codreldth
apoptosis (Ryeet al, 2005). However, despite the importance of the SMCs apoptosis, the
precise molecular mechanism underlying the regulation of apoptatitway in SMCs

remains largely unknown.

3.3.3 Roles of PKC in Skeletal Myocytes

PKC isoforms expression

Two PKC isoforms, classical PK&and novel PKG are enriched in skeletal muscle (Osada
et al, 1992). Other PKC isoforms also are confirmed in skeletal musoth as atypical
PKC: PKC¢, A, novel PKC:PKGCs, g(Perriniet al, 2004).
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Functions of PKC in skeletal muscle

According to the specific location of isozymes, the different tions are studied by the
observation of their expression pattern. Novel RK{S-the most abundant PKC in skeletal
muscle, which is localized to the neuron-muscular junction (Hilgenberg and Miles, T885)
expression of PK®-is regulated by the innervation, thus here coming the hypottiesis
PKC- plays role in maturation of neuron-muscular junction and/or theldigmesduction in

the synapse (Hilgenberg al, 1996).

Meanwhile, acute exercise influence the (de)phosphorylation of atypiKC<{, -A in
membrane and cytosolic fraction but not novel PKG(Perriniet al, 2004). This finding of
isoforms-specific effects on PKC shows that PKC isoformdileely to have unique roles or

abundant roles in cellular events.

Until now, little is known about what role PKC plays in skeletal clreigspecially about the
function that relates to skeletal muscle death, although somersifIC involved signal
pathways found in cardiac muscle perhaps mimic those in skelatiatle, such as
ERK/MAPK pathway (Schonwasset al, 1998); however, this is remains to be determined.
But we have reasons to think that the mechanism of apoptosis inakkeletcle may be
distinct from the other muscle cell types. Skeletal musdle aee multinucleated, which is
called myonucleus (Cheek, 1985). And the destruction of the entire cslihdb@ecessarily
follow the elimination of a nucleus, as occurs in mononucleated (Rddrigues Ade and
Schmalbruch, 1995).
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Chapter4 Caenorhabditis elegans as an animal model for
studying DMD

4.1 Introduction

Since Sydney Brenner introduced the soil nematodenorhabditis eleganas a model to
study development and neurobiology in 1960s (Brenner, 1€7/4legangs used to study a
much larger variety of biological processes including apoptosiksigmaling, cell cycle,

gene regulation, metabolism, ehttp://www.wormbase.opgMany key discoveries were first

made in wormC. elegandas a number of features that make it a powerful tool for buzdbgi

research:
First, it is easy to culture and is very low-cost.

Second, it reproduces rapidly and prolifically. Growing in 23°C, within 3 dagevelops
from egg to an adult worm of 1.3mm in length. Short generation timeabondt 300
progenies per self-fertilizing hermaphrodite enable the large-sgroduction of several

million animals per day.

Adult
young adult
o e --g
one [ (LD ~€
. L4 larva
/‘\W embryonic
development p)
several months
\ 14 hr
8 hr Dauer larva
gy,
L3 larva 13 hr /
R Predauer (L2d)
crowding § low food e
8 hr N~
AN L1 larva
L2 larva 12 hr

Figure 4-1: Life cycle of C. elegansin 23°C.

(http://www.wormatlas.org/handbook/bodyshape htm
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Third, the worm is transparent and with the use of in vivo fluorescence markers, lalblogic

processes can be studied in living animals.

Fourth, it is a simple multi-cellular animal. Only 959 somasltscin the adult hermaphrodite
form many different organs and tissues including muscle, hypodertestine, reproductive
system, glands, and a nervous system containing 302 neurons (Riddle, 1997).

Saainai vireoin

Figure 4-2: The anatomy of male and

hermaphordite C. elegans. Figure left

N
Imeesng \ "
.

Prargm

presents the male; figure right presents the

hermaphrodite
(http://www.wormatlas.org/handbook/bodyshape ntm

Fifth, the genome ofC. eleganswas completely sequenced at the end of 1998. It has 5
autosomes and an X chromosome. The genome is similar to that of h{#0%mn
homologous), thu€. elegandvecoming an animal model in the study of human diseases.

All these make the nematode as an ideal model for scientific research.
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4.2 The muscle structure inC. elegans

Here, we review the body-wall muscle musculature which elatethe myopathology of
muscular dystrophy i€. elegans

There are 95 body-wall muscle cellsGn eleganswhich arrange into 4 quadrant musculaire.
Each quadrant contains 24 mononucleate, diploid cells, except for thallefitquadrant,
which contains 23. Each muscle cell has three parts: the celldoodains the nucleus and
cytoplasmic organelles; the arm extending from the cell bodggmérve cord; the spindle

contains the contractile myofilament lattice itself.

The thick filaments containing myosin produce A band which is analogaie thel line of

vertebrate striated muscle.

The thin filaments containing actin attach to dense body rdtler Z line as in vertebrate

muscle; produce | band.

The contractile unit o€. eleganss analogous to the sarcomere of vertebrate muscles (Figure
4-3).

Unlike mammalian, the muscle cells 6f elegansdo not fuse and they are entirely post-
mitotic; besides, there are no satellite cell€irelegansHowever, the protein composition of
the sarcomere has been studied very well and it has revehigh degree of similarity with
mammalian sarcomere (Wood, 1988), thus allowingleganse an ideal animal model to
study DMD.
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Figure 4-3: Schematic Diagram of theC. elegans Body-Wall Muscle Structure. (A).An

adult worm with body-wall muscle quadrants visible (orange). (B). Aytvaall cross-

section with cuticle, hypodermis, and basal lamina peeled awagvialr the basal
membrane of two body-wall muscle cells. (C). A longitudinalisadhrough a body-wall
muscle cell. Dense bodies and M-lines attach actin thin filamamts myosin thick

filaments, respectively, to the basal sarcolemma. (D). imtabf several different muscle
attachment proteins. Loss-of-function for proteins shown in red causesPat

developmental arrest phenotype (Moerman and Williams, 2006).

4.3 TheC. elegans model for studying DMD

4.3.1 Dystrophin gene and protein irC. elegans
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There is only one homologue of mammalian dystrophin gene natyed in C. elegans
(Bessouet al, 1998). It contains 46 exons, and is about 3.1kb. AligRf cx18 and cx35

introduce a stop codon in exon39, exon33 and exonl respectively.

direction of transcription
< —

n R IA (IEu g AT a1 s i (L ik | VN
L] =

cx26 (Splice acceptor missing) cx18 (Stop codon) cx35 (2pb deletion)

Figure 4-4: The structure of dystrophin gene inC. elegans. (Bessouet al, 1998)

The nematode protein DYS-1 composes 3674 amino acids and presents da#dcitimat of
human (Bessoiet al, 1998). It is characterized by three domains: the actin-binding N-
terminal domain, the large central domain contairfirgpectrin repeats, and the C-terminal

domain.

4.3.2 Basic worm muscle degeneration: moddys-1 (cx18); hlh-1 (cc561)

Unlike mammalians who have a visible phenotype of muscle degemer&ti elegans
mutantsdys-Xcx18 lacking DYS-1 @ys-1mutants) are hyperactive and show a tendency of
hyper contraction. The inability to detect muscle degeneratiatys-1(cx18)mutants in C.
elegangs probably due to the short life span of the animals. Howevedaingle mutantlys-
1(cx18); hlh-1(cc561)exhibits a severe progressive muscle degeneration and paralyze
phenotype (Gieselat al, 2000).

hih-1is a homologue of the mammalian myogenic transcription fadyar-D, that functions
among others in inducing the majority of muscle cells. In mammal myogeninmyf5 and
MRF4 compose together withlyo-D make theMyo-D transcription factor family. All the
four proteins have a common highly conserved bHLH sequence thegpsnsible for the
regulation of muscle-specific gene expressiormtixmice, lacking the dystrophin gene; the
additional knock out of thiyo-D gene causes a severe muscle death (Sicatski, 1989).

In C. elegansthe mutantdys-1(cx18); hlh-1(cc561¢xhibits reduced locomotion of adult
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worms. Animals show abnormal egg-laying behavior and have up to 30% zdidywscle

cells are damaged compare to wild type animals.

a d e
-
— f—
—
t—

N2 dys-1(cx18 hlh-1(cc561 dys-1;hlh-1

Figure 4-5: Muscle degeneration observed in €. elegans strains. (a). N2. (b). Mutantlys-
1(cx18).(c). MutantavlyoD/hlh(cc561)(d and e). Double mutadis-1 MyoD/hlh-1.

4.3.3 Research progresses (. elegans DMD model

Although the mechanism of DMD is very little understood, researth€. eleganshas shed
light on the understanding of myopathy of DMD.

Genetic screen fordys-1 related genes

Database search confirmed the conserved DAPC homologu@sdlegangGrisoni et al,
2002). DAPC binding partners were identified which display a behavioral pipensimilar
to that ofdys-1 such aslyb-1(dystrobrevin)dyc-1, stn-1(syntrophin),dgn-1(dystroglycan),
sgn-1(sarcoglycan)slo-1 (a potassium channel) asdf-6 (an acetylcholine transporter) with
classical genetic approach (or forward genetics) (Giestlal, 2001; Grisoniet al, 2002;
Grisoni et al, 2003; Kimet al, 2004; Carre-Pierragt al, 2006b). In certain level, thays-1

related genes can compensate the absence of dystrophin (Figure 4-6).
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Figure 4-6: Over-expression ofdyc-1 in double

mutant _dys-1; hlh-1. Over-expression oflyc-1

ameliorates muscle degenerationdys-1; hlh-1

(white arrows).

The function investigation of these DAPC binding partners helps ussiade the function
of dys-1in mechanism of DMD inC. elegans Among them, the investigation of dyc-1
supposed that protein Dyc-1 has important role in maintaining theitgtadoiid normal
function of dense-body, thus muscle degeneration might beginning in-lbledgen C.

elegangLecroiseyet al, 2008).

Drug screen

Model dys-1 hlh-1 animal is used for drug screening. Drugs are added into thatowen
growth medium and get inside of the worms either by feedingosort through the cuticle.
The purpose of drug screen is to find potential blockers of muscle datiene The
advantage ofC. elegansmakes high through-put drug screen possible. Recently, a neuron-
transmitter named serotonin (5-HT) showed its ability to reducelmdgsgeneration (Carre-
Pierratet al, 2006c), so besides its important role in invertebrate such as fekstiognotion
(Horvitz et al, 1982), serotonin is beneficial to striated muscles and reduces muscle

dystrophy.

Suppressor screen

A typical worm screen uses the chemical mutagen ethighmesulphonate (EMS), which
induces point mutation and small deletions in DNA. Genetic screefis @legansare so

efficient that it can be up-scaled to screen millions of genoMagtants with the desired
phenotype are collected and used to identify and characterizeigeoksd in the process of
interest. In parallel, an RNAIi screen was performed to find gemppressors that reduce

muscle degeneration.
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An interesting genpkc-2was selected, which could ameliorate muscle degeneratysif
hih-1 background by knocking opkc-2 (0k328)unpublished result).

Meanwhile, screen suppressorsdys-1 hlh-1 background in presence of serotonin find a
homologue IR receptor inC. elegansnameditr-1. It encodes a putative inositol (1, 4, 5)
trisphosphate receptor, when mutated, could decrease the effecotoihg ondys-1(cx18);

hih-1(cc561)which in turn increas€. elegansnuscle degeneration (unpublished result).

4.4 Protein kinase C inC. elegans

4.4.1 Protein kinase C isotypes i. elegans

There are four genes express PKC family (listed in table 4-1):

Table 4-1: Character of PKC isoforms in C. e egans.

Gene Name | Isoforms Structure Enzymatic Properties Reference

tpa-1 tpa-1A Novel PKC Regulate the nAchR level | (Waggoneret al,
prErE 2000)

pkc-1 pkc-1A Novel PKC ND
pkc-1B Ca*-independent kinase | (Landet al, 1994)

activity

pkc-2 6 PKC Conventional ' ND ND
isoforms PKC

pkc-3 PKC-3 Atypical PKC | Ca*-and DAG/phorbol

ester independent kinase | (Tabuse, 2002)
activity

Exceptpkc-2 other PKC isoforms have been well studie€irelegansFor exampletpa-1is
found to play a role in nicotin-induced adaptation (Waggateal, 2000), whilepkc-3 has
been shown to play an essential role in establishing the potdribhe zygote (Tabuset al,
1998). Islas-Trejo et al. were the first to styakc-2 gene expression with galactosidase

reporter geneldc?) (Islas-Trejoet al, 1997). They used three promoters dmpke-2 gene
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transcription intgokc-2g pkc-2bandpkce-2¢ in which two specific isoforms were found in L1
larval nematode body-wall muscle cellpkc-2a expressed in body-wall muscle cells
(immediately below the tip of the head) gokt-2bexpressed in muscle cells of head. It has
already been shown that in mammalian muscle cells phosphorylatdysiwbphin by PKC
inhibits effective binding to actin (Senter al, 1995). But the real function of PKC in muscle
dystrophy remains unknown. In fact, how the phosphorylation and dephosphorgfabkc
triggers a downstream signaling pathway is not yet compl&teywn inC. eleganseven in

other cell types or organisms.

4.4.2pke-2: gene and protein

The pkc-2gene is located on the X chromosomé&oklegansSo far, Worm Base presents 4

confirmed isoforms of cDNA transcript from the singlec-2gene:

L 1 1 L L L L 1 L 1 1 1 1
Q370K 9330k

Gene Hodels
pkio-2 CEQ1H11.1d) C2aF1z
| | —H = >
pkoc-2 (EQ1H11.1ad
H —HHI O =
pko-2 (E01H11.1k2
I— —HHHOTH =

E01H11.t1 pko-2 (EO1H11.1co

tEMA-Met Protein kinasze C
RWAz-515397

H
Predicted ncRMA gene CncRNAD

Figure 4-7: Gene model ofpkc-2.

(http://www.wormbase.org/db/gene/gene?napike=2 class=Genge

Each isoforms was translated into PKC-2 protein with similar dwsreccording to SMART
analysis:
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1 100 200
PKC-2a:

1 100 200
PKC-2b:

‘ll 1[|)D ELI]O
PKC-2c: '

‘ll ‘H?D 2?0

PKC-2d : '

Figure 4-8: PKC-2 protein structure. The model shows different domain of protein PKC-2:

C1 domain (yellow), C2 domain (green) and catalytic domain (bkigures indicate the

number of amino acids.

A Phylip analysis of kinase domain of PKC isoforms, which is tnfoghly conserved,
showed the evolutionary relationship between PKC-EZ.relegansand other species. It is
clearly that PKC-2 belongs to classical PKCs family anan orthologous of the human gene
Protein Kinase C Alpha (PKC).
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Figure 4-9: Phylogenies tree of PKQSossin, 2007)
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Chapter 5 Aim of Thesis

The aim of this thesis is to decipher the role pic-2 in the mechanism of muscle

degeneration of Duchenne Muscular Dystrophy in animal nfodehorhabditis elegans

5.1 The expression pattern opkc-2 in C. elegans

Knock out the gengkc-2 in C. eleganscould ameliorate the muscle degeneratiorCin
elegansdouble mutantys-1(cx18); hlh-1(cc651junpublished result). Until now, the real
function of pkc-2in C. eleganss little known especially that of in muscle. Thereforasit
essential for further researches to study the localizatiolKGt®in C. elegansadult animals.

To determine the expression pkc-2 in muscles, our research group constructed different
kinds ofpkc-2expression recombinant vectors in order to generate transgene straifisaas we
a strain carrying a reporter gene gfp in gke-2 genomic DNA, These transgene have also

been placed in varies genetic background.

RNAI experiment was also designed to study the effect ofrsepdomain of protein PKC-2

in muscle degeneration process.

5.2 Yeast two hybrid screen to identify PKC-2 function partner

It has been already shown that in mammalian muscle cells phgkiloor of Dystrophin by
PKC inhibits effective binding to actin (Sentetral, 1995).Sincepkc-2is expressed in both
muscle cells and neurons @ elegansand as PKC can inhibit the expression of Ach, PKC
might be involved in processing signal transduction pathways thatategile growth of
muscle cells. The DAPC and several important receptors obtmansmitters could be also

among these targets.

As a protein kinase which activates or inhibits the downstream lisignpathway by
phosphorylating the substrates, it is helpful to understand the pbteKii2 function by
identifying the PKC-2 interaction partner. This has been done byehst two-hybrid

method.
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5.3 Suppressor screen gikc-2 mutant in presence of serotonin

As a wildly existed protein kinase, there are much many stéstra/olved or overlapped in
PKC pathway. Hence it is difficult to isolate the molecule which has functidreiprbcess of
muscle degeneration. Then screenghc-2 suppressors in purpose is meaningful and more

effective.

As mentioned in chapter4, the neurotransmitter serotonin (5-HT) was liguirdig screening
to be an active blocker of striated muscle degeneration (Bareatet al, 2006¢). Serotonin
pathway regulates several behaviors @f eleganssuch as egg-laying, locomotion etc
(Horvitz et al, 1982; Carre-Pierradt al, 2006c) by interacting with different 5-HT receptors

subtypes coupled to various second-messenger systems.

Three serotonin receptors are knowndn elegans SER-1, SER-4 and MOD-1(Olde and
McCombie, 1997; Hamdaet al, 1999; Ranganathaat al, 2000). They belong to the
metabotropic G-protein-coupled receptors (GPCR) except for the &ak€b chloride
channel MOD-1 (Ranganathat al, 2000). Our group searched t@e eleganggenome for
additional 5-HT GPCR genes and isolated five further genes vdricbde putative 5-HT
receptors: KO2F2.6, MO3F4.3, F16D3.7, TO2E9.3, and C24A8.1 (Carre-Rieala2006a).

Second messenger systems involved in this regulation include prkiease and
phosphatases, of which protein kinase C has been the best chadclagreasing evidence
suggests that PKC is involved in serotonergic pathway, via theategulof serotonin
receptors (SERs) and transporters (SERTs) (Blakatlyal, 1991; Raymond, 1991;
Bhattacharyyaet al, 2002; Sunet al, 2003). The (de)phosphorylation of PKC triggers a
downstream signaling pathway thatnst yet completely known for each cell type or each

organism.

We observed tha. elegandackingpkc-2(ok328displays a blister phenotype on exogenous
5-HT. This observation supports thakc-2 possibly plays a role in serotonergic pathway in

regulating muscle degeneration, which could be the (de)phosphorylation of SERs @& SERT

Then, performing a genetic screen the suppressqrkce? mutant in presence of serotonin is

an efficient way to study the potential function of bpt-2and serotonin in the process of
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muscle degeneration @. elegansas well as their correlation between PKC-2 and serotonin.

We tried to isolate and identify. elegansnutation involved in these double responses.

60



Results

Results

61



Results

Chapter6 Analysis of theCaenorhabditis elegans PKC-2
gene

6.1 Material and Methods

6.1.1C. elegans strains, Culture and Vectors

Techniques for growing, handling, and microscopy Gf eleganshave been described
previously (Brenner, 1974). N2 Bristol strain was used as wild-tgméra. Strainspkc-2
(0k328), pkc-2(0k328)::gfp, dys-1(cx18); hlh-1(cc561), hlh-1(cc561), pkc-2(okdBaY;
1(cx18); hih-1(cc561)vere kept in lab. Strains were grown at 15°C.

Plasmid pRM248 (6.5Kb) contains teab-1promoter. Plasmid pPD118.20 (6Kb) contains a
gfp gene and carries an antibiotic gene ampicilin. Plasmid pBS®G) (B&tries an antibiotic
gene ampicilin. Fosmid WRM0639dDAMS (28Kb) was derived from the fosmid pCC1FOS
(8Kb) which was inserted b§. elegans pkc-genomic DNA (20Kb). It carries an antibiotic
gene chloramphenicol.

6.1.2 DNA/ RNA extraction and cDNA production

Total RNA was isolated from a mixed-stage worm population ¢I'regagent, Invitrogen). To
obtain mMRNA ofpkc-2 RT-PCR reverse-transcribed the total RNA into cDNA (MHLV
reverse transcriptase, New England, Biolabs Inc) using randomempRT. Designed primers
PKC-2-KG5 and PKC-2-KG6 were used to get isofopks-2bandpkc-2¢ respectively.

A 1993bp of cDNA fragment correspondinggkc-2bwas amplified using the primers PKC-
2-KG1 and PKC-2-KG3. A 2811bp of cDNA fragment was amplified usimggrs PKC-2-
KG2 and PKC-2-KG4 that encompgssc-2c Compare to sequenceic-2cin Worm Base,
the identifiedpkc-2cDNA isoform namegbkc-2c.2has a primary exon composed of exon 1C,

intron 1C and exon 2C, but missing exon 3C, exonl5 and exonl16 (Figure 1).

All primers used were listed in Table 6-1.
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Total DNA was isolated from individual adult animals.

>

YV V V V

YV V

RNA extraction Protocol:

Wash worms with Tris-HCI pH8.0 10mM and keep the worm in -80°C

Add 1ml Trizol into worms, vortex 10min

Add 200pI chloroform, vortex 5min

Centrifuge 10min in Vmax and keep supernatant, add same volume of isopropan
Centrifuge 10min in Vmax and eliminate supernatant, wash peltét %00ul 70%
ethanol

Centrifuge 5min in 8000rpm, eliminate supernatant and air dry

Add 50pl HO RNase free, vortex

Centrifuge then keep in -20°C

>

YV V V VY

DNA extraction Protocol:

Pick 2 adult worms into 2.5ul Worm lysis buffer (10mM Tris{H&H8.2; 2.5mM
MgCl,; 50mM KCI; 0.5% Tween20; Proteinase K 200ug/ml).

Keep worms in -80°C for 30min

Incubated for 1H at 60°C

Heat-inactivation of Proteinase K at 95°C for 10min

PCR reaction: add 22.5ul PCR reaction mix (0.4uM forward/reveiseer, 0.4mM
dNTPs, 1xPCR reaction buffer, 0.25U Taqg polymerase); Cyclingnedess were: 2mir
95°C, 30sec 95°C, 30sec 95°C, 58°C 30sec, 72°C 1min, 30cycles
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6.1.3pkc-2::gfp and myo-3::pkc- 2 Constructs

Reporter-gene constructs were made in green fluorescent protel)-6@coding vectors
(Chalfieet al, 1994) pPD118.20 (kindly provided by A. Fire).

The GFP coding sequence was amplified by PCR on plasmid pPD11fl20earesulting
fragment inserted into different enzyme sites of fosmid WRM0639dDPIH, which contains
about 20Kbpkc-2 genomic DNA, to generate genomic clones. Technique was followed
standard procedures (Sambrook and Gething, 1989). All fosmid wereotraedfinto ultra-
competent cell C3230 (NewEngland Biolab),

pkc-2cDNA isoforms were inserted into the pPD118.20 plasmids. This plasmid contdms a
encoding sequence gene under the controhyd-3promoter. All plasmid were transformed

into competenE. colistrain SURE (Strategy Gene).

pkc-2::gfp (Xhol) (pKG49). A 900bp ofgfp fragment modified by enzyme Sall was inserted
into the site Xhol of fosmid WRM0639dDAMS which located in exon 2C (Figure 6-1, 6-
2). The recombinant fosmid was named pKG49. Used PCR screen prineges
pPD118.20.2/PKC-2-KG12.
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WRMO0639dD11AMS
S SR Fosmid
P pke-2 DNA E
e exon2C exonld mul 3A
N /\AEY/\H/\DI/ BEE “I/\I/\F/\/\
MEud
GF GFP GFP

Figure 6-1: Construction of pkc-2::gfp protocol. Fosmid WRM0639dD1AMS contains the

pkc-2 genomic DNA. Middle, genomic organization of thpkc-2 gene was showed.
Rectangles indicate the specific exons and commune exons wéhedificolors. Purple ones
are commune exons of all cDNA isoforms; dark blue ones are exquisc&faandpkc-2h
light blue ones are exons pkc-Z; transparent yellow ones are exonpkd-2g pkc-zZ, dark
yellow ones are exons pkc-Z, light yellow ones are exons pkc-2bandpkc-Z. Bottom,
GFP was inserted into exon 2C, exon 10 and exon 13A to generate pKG497 @@
pKG55 respectively.

pke-2 genomic DNA (~20Kb)

. EXO0N
Fosmud i I 2C I— ‘
1 SAT
Xhol

T

GFP

MLl

Figure 6-2: Construction of pKG49. gfp fragment was inserted into the exon 2Cpkt-2
gene in fosmid WRM0639dDXIMS.

pkc-2::gfp (EcoRIl) (pKG55). The 5Kb genomic fragment spanning the Awvrll site was
excised from fosmid WRMO0639dDAMS. This fragment, which contains the regiorpké-2
genomic DNA from exon 10 to exon 13A was then blunted and sub-cloned inttetSens

of the modified plasmid pKG48, which was plasmid pBSC but its Esdg®was removed, to
generate pKG5Qfp fragment was amplified with primers GFP-KG3/GFP-KG4 and than
inserted into the unique site of EcoRI of pKG50 which locategkic-2 gene exon 13A
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(Figure 6-1, 6-3). The recombinant plasmid was named pKG8&4. Avrll fragment of
fosmid WRM0639dD1AMS was then replaced by thgfp carrying Avrll fragment of
pKG54. The recombinant fosmid was named pKG55.Used PCR screen priasss

pPD118.20.2/PKC-2-KG16. The recombinant fosmid was named pKG55.

5Kb
) | | exon EX01 1 |
A. Fosmid l 10 13A |
| Sfil
MLul AT AT 4
B. uBSC | I exon ]
P Smal 134 =t Smal
' Eco
GFP
™,
*
*,
Y,
C. Fosmid I I N I GFP I I
MLl Avrll| Avell ST

Figure 6-3: Construction of pKG55. (A). fosmid WRM0639dD1AMS contains thekc-2

gene. A fragment spanning 5Kb was excised by enzyme Avrll asdbiuated to sub-clone

into site Smal of pBSC (B), whose site EcoRI was removedwaschamed pKG50. (B). gfp
was inserted into site EcoRI of pKG50 and named pKG54. (C). pK@GS4cut by Avrll and
replaced the region spanning Avrll of fosmid WRMO0639dDVE.

pkc-2::gfp (Acclll) (pKG57). A 900bp ofgfp fragment was inserted into the unique enzyme
site Acclll of pKG50 which located in common exon 10 (Figure 6-1, &4, was renamed
pKG56. PCR screen with primers pPD118.20.2/PKC-2-KG13 was performed tontoiné
gfpinsertion in pKG56. Then the fragment excised by Avrll replaced the pondsegion in

the fosmid WRM0639dD1AMS and the consequent recombinant fosmid was named pKG57.
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SKb
o I exon exon 1 |
A, Fosmid l : 10 13A ]
! Sfr
MLul _J.L.I?._&r AviIT ¥
B.oBSC | E exon I
-P Smal el 10 Smal

N Acelll

C. Fosmid I { .| GFP | L} I
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Figure 6-4: Construction of pKG57. (A). fosmid WRMO0639dD1AMS contains thegkc-2

gene. A fragment spanning 5Kb was excised by enzyme Avrll asbiuated to sub-clone

into site Smal of pBSC (B), whose site EcoRI was removed, anshavasd pKG50. (B)gfp
was inserted into site Acclll of pKG50 and named pKG54. (C). pKG3tanaby Avrll and
replaced the region spanning Avrll of fosmid WRM0639dDVE.

myo-3::pkc-2 (pPD118.20) (pKG52).The cDNAs ofpkc-2c.2was amplified with primers
PKC-2-KG2 and PKC-2-KG4, and then cloned into the site Nhel of thewpPD118.20, in
frame with the GFP encoding sequence. The recombinant vector wasd nakG52

(=8.4Kb). It was then sequenced and confirmed (Figure 6-5).

myo-3::pkc-2 (pPD118.20) (pKG63).A PCR reaction was performed by amplifying the
insertion from the ATG start codon of exon 1C.2 in pKG52 using primé&-2RKG4 and
PKC-2-KG18.The PCR fragment was then cloned into the sites EawdRIN&el of the
plasmid pPD118.20. The new recombinant plasmid was named pKG63 and was egquenc
(Figure 6-5).
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pke-2e.2
1 NN
| PKC-2-KG? PKC-2-KG4
5 A «—
myo-3 promoter
A.pPDlIg20 —— | GFP
.w-'s'«.a:‘ Nhel
| PKC-2-KG18 PKC-2-KG4 |
mye-3 promoter | '
B.pPD118.20 | —— — 1+ GFP |—
EcoRT Nhel

Figure 6-5: Construction _of pKG52 and pKG63. (A). RT-PCR productpkc-2c.2 was
inserted into site Nhel of pPD118.20 named pKG52. (B). PCR fragmetatdsteom ATG of
exon 1C.2 was inserted into pPD118.20 named pKG63.

myo-3::pkc-2 (pPD118.20) (pKG53).The cDNA of pkc-2b that has been amplified with
primers PKC-2-KG1 and PKC-2-KG3 was then cloned into the IShel of the vector
pPD118.20. The recombinant vector was named pK&834Kb) (Figure 6-6).

phe-2b
§ I 1 F ) 5 o )
PEC-2-KG1 PKC-2-KG3
myo-3 promoter
pPD11820 | — ———1 | GEP =
Nhel Nhel

Figure 6-6: Construction of pKG53. RT-PCR producpkc-2bwas inserted into site Nhel of

pPD118.20, which carriegp andmyo-3promoter, and named pKG53.

68



Results

Table 6-1: Primer Sequences

Primer name
PKC-2-KG1
PKC-2-KG2
PKC-2-KG3
PKC-2-KG4
PKC-2-KG5
PKC-2-KG6
PKC-2-KG12
PKC-2-KG13
PKC-2-KG16
PKC-2-KG17
PKC-2-KG18
GFP-KG1
GFP-KG2
GFP-KG3
GFP-KG4

GFP-KG5
GFP-KG6

pPD118.20.2

Random primer
RT

Sequence (5-3’ direction)
AATTGCTAGCTCGTTGAGCACGAACAGCTCC
AATTGCTAGCAGCCTACGACCAAAGCAAAAG
TTAAGCTAGCACTCGTCGCCCTTCAGATTTTCC
TTAAGCTAGCGGACCTCGTGAGTAAACTCTG
CGACTCTTGAACATATTCTGGG
TACATCTTTGACATAAAACGGG
AGGGATACAAAGGACTTGTG
GAGCGACTAAGTAGCAGAGG
AGCCACCGATCTGCATCTCG
TTAAGGATCCGGACCTCGTGAGTAAACTCTG
TTAACAATTG GATAGTGCAGAGCGTCGACG
AATTGTCGACATGAGTAAAGGAGAAGAAC
TTAAGTCGACGCCATGTGTAATCCCAGC
AATTGAATTCATGAGTAAAGGAGAAGAAC
TTAAGAATTCGCCATGTGTAATCCCAGC

AATTTCCGGACATGAGTAAAGGAGAAGAAC
TTAATCCGGAGTGCCATGTGTAATCCCAGC

TGGAAGCGTTCAACTAGCAG

a mixture of single-stranded random hewaleotides
5'- and 3'-hydroxyl ends

with

RT reaction:

» Ambion-DNA free treatment

» Reverse transcript reaction:
Add 4ul Tp5x, 2ul dNTP 10mM, 0.5ul RNase inhibitor (40U/ul), 1uIRT
Cycle parameters: 25°C 10min, 42°C 60min, 70°C 10min

RT-PCR reaction:
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» Add H,O 37.6ul, buffer TaqlOx 5pul, dNTP10mM21pul, primer sets10uM |2ul
respectively, product RT 2ul, Taq5U/ul 0.4pl
» Cycle parameters: 95°C 2min, 95°C 30sec, 53°C 30sec, 68°C 2min, 30 cycles

PCR GFP reaction:

» Final concentrations in 50ul PCR reaction were: 1xPCR reabtiffer (Promega)
2mM MgCl, (Promega), 0.4mM dNTPs, 0.5ug forward/reverse primer, GoTaqg PNA
polymerase (Promega) 0.25U, 10ng plasmid pPD118.20

» Cycle parameters: 95°C bmin, 95°C 30sec, 55°C 30sec, 72°C 1min, 30 cycles

Bacteria PCR screen reaction:

» 1xPCR reaction buffer (Promega), 2mM Mg(Q@Promega), 0.4mM dNTPs, 0.4uM

forward/reverse primer (Table 4), GoTag DNA polymerase (Pramé®5U, 2ul
bacteria mix;

> cycle parameters: 95°C 5min, 95°C 30sec, 55°C 30sec, 72°C 1min, 30 cycles

6.1.4 Transgenic strains and Microscopy

The recombinant constructions were injected at a concentration dful@mg the cytoplasm
of the distal gonad of wide-type adult hermaphrodite (Figure 6-ijcedure standard
followed protocol of Mello et al (Mello and Fire, 1995). As markay,0-3::dsRecbr unc-
122::gfp(kindly provided by V. Robert) was co-injected at a final concentration of 30ng/pul.

Observation of living animals under a fluorescence microscopy Zeigoplan, le Pecq,
France) was done after immobilization of the animals on a 28bosg pad containing

Dakocytomation fluorescent mounting medium (Interchim).
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Figure 6-7: Generate transgenic

.. worm. Injection into cytoplasm of the
#8 distal gonad of wide-type adult
- hermaphrodite ~ (arrows  presented
area)(Mello and Fire, 1995).

6.1.5 RT-PCR of transgenic worms

9 transgenic pKG53::GFP strains were extracted DNA and RMNpeotively followed
protocol mentioned. N2 and pKG53 were used as negative and positive cespexdtively.
PCR amplify primers used were PKC-2-KG8 (locate@kn-2gene exon6) and pPD118.20.2
(located in the end of GFP in plasmid pPD118.20) (Table 6-2).

Table 6-2Primers used in PCR
PKC-2-KG8 CAGACAATCCATTGGGGTCC (5'-3 direction)

pPD118.20.2 TGGAAGCGTTCAACTAGCAG (5'-3 direction)

6.1.6 Immunocytochemistry and Microscopy

Worms were analyzed by immunocytochemistry on whole-mount prepasadis described
by Benian et al (Beniaet al, 1996). Monoclonal antibodies MH24 (anti-DEB-1/vinculin
which recognizes the DEB-1/vinculin protein, one of the main componemsnse bodies
(Francis and Waterston, 1985), mouse anti-GFP(Santa Cruz Biotechnatayyabbit anti-
GFP (Interchim) were used at a dilution of 1:100,1:100 and 1:1000 reghec8econdary
mouse anti-rabbit (FluoroProbes 488, green, Interchim, Montlugon, Francegngieaouse
(FluoroProbes 586, red, Interchim) and goat anti-mouse (green, Sant8iGezhnology)
antibodies were used at a dilution of 1:200. Images were captutedavdeiss ZI Imager
using either 63x or 100x oil immersion objective lenses using thavidet software. Images
were processed and annotated with Adobe Photoshop CS2 (San Jose, CA).
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Immunocytochemistry Protocol:

Wash 20 plates of worm with cold M9 into 15ml tube

Add 4ml buffer fixation into pellet, freezing quickly the worms with liquefiedogienize
Incubate the tube in 4°C for 1H

Remove the supernatant and wash the pellet with 1ml TrisnTBuffer(TTB) 2 times in
1.5ml silicon Eppendorf tube

Add 10ul 10%B-mercapto-ethanol and incubate in 37°C for 2H

Centrifuge in 300rpm for 2min and wash the pellet with 1ml buffer BO3 2 times
Add 1ml BO3-10% 0.1M DTT, rotate in room temperature for 15min

Centrifuge in 300rpm for 2min and add 1ml buffer AbB to pellet, incubateoom
temperature for 20min, rotating

Centrifuge and add 1ml buffer AbA to pellet, keep in 4°C

The next day add 170ul buffer AbA to 30ul worm mixture and 170ul antib@ayobit
anti GFP at a dilution of 1/1000 and mouse anti DEB-1 at a dilution 1901
respectively); incubate the worms in room-temperature for 2H

Centrifuge in 300rpm for 2min, wash the pellet with 1ml buffer AbbBoom-temperatur
for 30min 4 times, rotating

Centrifuge in 300rpm for 2min, add 170ul antibody Il ( goat anti radotit goat ant
mouse, respectively) at a dilution of 1/250; incubate the wammgom-temperature fo
2H

Wash worms with buffer AbB for 15min 3times

Mounting samples, observation

D

=

6.1.7 RNA Interference

RNAI was performed by feeding N2 wild-typ®]osTIC pkc-2, dys-1(cx18); hlh-1(cc561),
and pkc-2(0k328); dys-1(cx18); hih-1(cc564ith double-strand (dsRNA)-producirig coli
(Timmonset al, 2001).

Two fragments were recovered after digesting of pKG52 withdHi, which excised a

shorter fragment carrying exon 1((22450bp) and a larger fragment spanning common exon
2 to exon 8 £750bp) (Figure 6-8). Then they were cloned into the site Hindlll of RNA
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feeding vector L4440 named pKG65 and pKG66 respectively. These two plaseres
transformed into competent cell HT1E coli cells. Transformed bacteria were cultivated
over night in Luria-Bertani brotmedium added with ampicilif200ug/ml), tetracycline
(15pg/ml) (LBAT). Nematode growth medium (NGM) Petri plate90mm) containing
carbenicillin (25mg/ml final) and IPTG (1mM final) were inocektwith 0,5ml of bacteria
culture and grown one week at room temperature. RNAI was perfdsyneseding N2 wild-
type or PKC-2-GFP-expressing transgenic worms with those doublestfdsRNA)-

producingE. coli (Timmonset al, 2001). Empty vector L4440 was used as control.

pke-2¢.2
] 1 [ G 5 ] ] T

. 450Kb

= -

A.L4440 F——
HindITIT | HindlIIIT

750KDb i

B.14440 | | —]

Hind[Ill Hindllll

A
W

Figure 6-8: Construction of pKG65 and pKG66.(A). A 450Kb fragment of pKG52 was cut
by Hindlll and was inserted into L4440 named pKG65. (B). A 750Kb fragrok pKG52
was cut by Hindlll and was inserted into L4440 named pKG66.

RNAI Protocol:
» Prepare NGM Petri plate JO0mm) containing carbelicillin (25mg/ml final) and IPTG
(ImM final)

73



Results

» Pre-culture bacteria HT115 containing 5 plasmids: pKG65, pKG864Q, pos-1, dys-1
respectively, in LBA (ampicilin 100ug/ml, tetracycline 15mb/in 37°C overnight. Ado
1ml of this pre-culture into 15ml LBA and let grow 6 hours minimumntil the bacteria
reaches the exponential growth phase. Depose 1.5ml of culturinénddGM Petri plate
air dry.

» Dayl: Pick the gravis animals (FO) onto plate RNAI,rtheber of worm depends on the
strain

» Day2: Remove the FO

Day6: Check the phenotype of worms of RNAI

A\

» Day7: Mark the muscular with phalloidine-rhodamine; observe raadsure body-wall

muscle cells

6.1.8 Quantification of Muscle Degeneration

All the worms were grown at 15°C. Animals were fixed anchethi3 days after they reached
the L4 stage. Fixation and phalloidin-rhodamine staining (FluoroprobescHmyg were
performed as described (Watersteinal, 1984). Stained body-wall muscles were observed
using a Zeiss Axioscop microscope. Only one of the two most vigilddrants of body-wall
muscles in each animal was quantified (20 cells per animalntjvemimals were scored for

each genotype.

Mark Phalloidin-Rhodamine Protocol:
» Wash worms with PBS 1x, collect adults into Eppendorf silicone 1.5ml
» Centrifuge the tubes 1min in 8000 rpm
» Add 1ml PBS 1x and 30ul 37% formaldehyde into the pellet, incubHitegran room
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temperature for 1H20min

Centrifuge the tubes 1min in 8000 rpm

Add 1ml PBS 1x in to pellet, inverse 6 times

Centrifuge the tubes 1min in 8000 rpm

Add 1ml acetone glacial into pellet, agitation, incubate the tube in -20Zrfior
Centrifuge the tubes 1min in 8000 rpm

Add 1ml PBS 1x into pellet, inverse

Centrifuge the tubes 1min in 8000rpm

Add 500ul PBS 1x into pellet

Add 1ul 300U phalloidin (Interchim), inverse

Incubate rolling the tubes in room temperature for at least 2H

Centrifuge the tubes 1min in 8000 rpm

Add 1ml PBS 1x into pellet, incubate rolling the tubes in room temperatutéifor
Keep the tubes in 4°C, overnight

Remove supernatant and add 40ul DAKO into 40ul pellet, mix

Mounting the samples, observation

6.1.9 Yeast Two Hybrid Screen

All procedures of yeast two-hybrid were followed the protocol odntant-Racine M

(Fromont-Racineet al, 1997).

pKG64: a PCR was settled by amplifying pKG52 from the ATG stadon of exon 1C.2
using primers PKC-2-KG17 and PKC-2-KG18. The PCR fragment wasctbeed in to the

site EcoRIl and BamHI of the vector pAS2-1. The new recombinant plasaé named

pKG64 and was sequenced to be sure no errors.

pKG67: The fragment containing two C1 domains (residues 74-188) and a C2 domain
(residues 210-303) were obtained by digesting pKG64 with EeollPstl; eliminate the

PKC-2 kinase domain of the insert.
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The recombinant plasmid expressed a fusion protein composed of PKC-DalAd l@nding
domain (BD) of the yeast gal-4 transcription factor. Yeastinst@G1945 was then

transformed by pKG67.

myo-3 promoter pke-2¢.2
AeELET S I |

11

EEmRI :

>

1

B. pAS2-1

C. pAS2-1

Figure 6-9: Construction of pKG64 and pKG67.(A). pKG52. (B). PCR fragment from
pKG52 was cloned into plasmid pAS2-1, renamed pKG64. (C). PKC-2 kinasanduas
deleted by EcoRI and Pstl. Plasmid carrying DNA binding domaiD) (&d regulatory
domain of PKC-2 was named pKG67.

Construct pKG67 Protocol:
» Digest the product of PCR pKG52 (started with second ATG codiih) Mfel
and BamHl
» Digest plasmid pAS2-1 with EcoRI and BamHI
Clone into pAS2-1
» Transform into competent cell E.coli strain SURE, get rdidoamt plasmid
named pKG64
» Digest pKG64 with EcoRI and Pstl, construct pKG67 containing comnwaoe

Y

C1 domains and a C2 domain of PKC-2 family
» Transform pKG67 into yeast cell CG1945
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Protocol of Transform plasmid in Yeast CG1945:
» Incubate 5ml YPD + clones CG1945 in 30°C, shaking overnight (220rpm)
Dilute 10 times with 40ml YPD, incubate in 30°C for 3H~4H
Centrifuge the culture 5min in 3000 rpm
Pick the pellet in 20ml TE1x pH7.5
Centrifuge for 5min in 3000 rpm
Pick the pellet in 200l 200mM LIAC/TE1x
Denature 100ug (10ul) SSDNA in 100°C for 5min, keep it in glace immediately a

YV V V V V V

centrifuge a few sec

Add 1ug plasmid

Add 100ul yeast culture

Add 600ul 100mM LIAC/40%PEG/TE1x , vortex, incubate in 30°C for 30min
Add 70plI DMSO, mix gentle, incubate in 42°C for 15min

Put the tube in glace for 1min at most

Centrifuge in Vmax for 10sec

Pick the pellet in 200ul YPD

Spread out 50pl in SD/Trp-

Incubate in 30°C for 2~3 days

V V V V V V V V V

An EcoRI- Pstl cDNA fragment from pKG52 encoding the PKC-2 2dGains(residues
74-188) and a C2 domain (residues 210-303) was sub-cloned into the pAS2-lhait vect
(Clontech, Palo Alto, CA). The resulting construct, which called pK@&¢pdes a fusion
protein composed of PKC-2 regulatory domain (C1, C1, and C2) and the DNAdindi
domain (BD) of the yeast gal4 transcription factor. Yeast adllithe CG1945 strain were
transformed with pKG67.

A two-hybrid screen was performed as described (Fromont-Ratiak 1997) by mating
yeast cell CG1945 transformed with pKG67 with yeast cell Y187 fvemed with a random
primed C. eleganscDNA activation domain library (RB2) sub-cloned into the prey arect
pACT2 (R.Barstead, Oklahoma Medical Research Foundation, Oklahoma T&ty micro

liters of mating cultures were deposed on minimal medium lackipg Oeu, and His and
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minimal medium lacking Leu and Trp as growth control. The celle weubated at 30°C for

3 days. Diploid cells, 3.67x20containing the pKG67 bait plasmid and one prey-pACT2
plasmid (from the library) were analyzed for their abilitygtow on minimal medium lacking
Leu, Trp, and His, after 3 days incubation at 30°C. Growth can occurfdhby Ibait and the
prey proteins interact and thelS3 reporter gene is trans-activated. One positive clone
Y59A8A.3 was obtained and prey cDNA was sequenced. Sequence anagsperiormed

by BLASTn searches.
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Mating Protocol:
» Day 1: culture yeast strain CG1945 containing pKG67 in 10ml SD/Trp- in 30°C shakiBg
rpm overnight
» Day 2: culture the 10ml pre-culture in 200ml SD/Trp-, 30°C shaking in 230 rpm

overnight

> Day 3: keep the yeast growing until DO (600nm) =1 (1 DO=1x&0/ml)

» Centrifuge 80 units of DO in 1000g for 10min

» Pick the pellet in 200ml YPD

» Culture 2ml yeast cell Y187 containing the bank RB2 in 60ml YPD in 30°C for 10min

» Mix two yeast strains, incubate in 30°C for 5H, shaking every 30min

» Centrifuge the mixture in 1000g for 10min

» Pick the pellet in 20ml SD/Trp-Leu-His-

> Dilute the mating culture to 1/100, 1/1000, 1/10000 respectively, spread outiritaGpibte
SD/Trp-, SD/Leu-, SD/Trp-Leu- respectively to calculate matingiefiwy

» Spread out 500ul mating culture into plate SD/Trp-Leu-His40

» Incubate the plates in 30°C for 3 days

Recover cDNA from yeast clones protocolnalyze the clones)

» Pick a clone into 400ul glass bills and 200ul extraction buffer in a 1.5ml Eppel
tube

» Add 200ul phenol/chloroform/alcohol isoamylique (25:24:1) , mix

» Vortex 10min

» Centrifuge in Vmax for 10min

» Transfer supernagent into new Eppendorf tube and add 500! ethanol/acetate
ammonium (6:1)

» Centrifuge in Vmax for 15min

» Wash the pellet with 2501 70% ethanol and centrifuge in Vmax for 5min

» Dry out the pellet and then add 10CGHUP, keep in -20°C

» Transformer the DNA into competent cell SURE

ndorf

Screen positive clone by PCR clone and Sequence analyze
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6.2 Results

All clones used in this study were confirmed below (Figure 6-10)

C
2000bp
2000bp—
2000bp—

muwﬁ

Figure 6-10: Gel electrophoresis(A). Total RNA (D260/D280=2.09, 206.5ng/ul). (B). RT-
PCR 3pkc-2cDNA isoforms. (C). pKG49: PCR screen (D). pKG53: digest tharpthsvith
Nhel. (E).pKG52: digest the plasmid with NhdF). pKG63: digest the plasmid with Ncol

(G). pKG58: digest plasmid with Nhel. (H). pKG65 and pKG66: digest thempthwith
Hindlll. (1). pKG64: digest plasmid with Mfel and BamHI
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6.2.1 Identification of a new isoform ofpkc-2

Different pkc-2isoforms are described on the Worm Base database. All ispfpossess a
common region that encodes the functional domains: regulatory domain asd #oraain.
Isoformspkc-2aand pkc-2bdiffer by only one 3’ exon, while isoformkc-2cexhibits three
alternative 5’ exons. We performed RT-PCR experiments in oml@rdduce cDNAs of
isoform b and isoform c. During this process, we identified a previaumslpcumented form

of pkc-2

Sequence analysis revealed that the pker2 cDNA isoform resembles isoforpkc-2c¢ but
missing exon 3C, exon 15 and exon 16 (Figure 6-11). The first exon 1C wassed of
exon 1C, intron 1C and exon 2C, in which located a kozak sequence camyhpDG start
codon (Kozak, 1991) (Figure 6-12). The Kozak consensus sequence plays aoleajothe
initiation of translation process (De Angioletti al, 2004). The translation pkc-2c.2started
from the ATG start codon of exon 1C.2. Therefore, we callpkici2c.2

The predicted protein sequence pic-2c.2 consists of 682 amino acids. Domains were
predicted by computational analysis of this protein sequence using SMART
bioinformatics tool package (SMARAttp://smart.embl-heidelberg.dé etunic et al, 2006)

(Figure 6-14). There are two C1 domains (green, red respecti@egBg,domain (blue) and a
protein kinase domain (grey) (Figure 6-13). The translated proteirsafbrin pkc-2b

displayed the same protein domains (Figure 6-15).
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Figure 6-11: Comparison of pkc-2c.2 to other pkc-2 cDNA isoforms. pkc-2 gene cDNA
isoforms structure comparison. Comparing to other cDNA isoformsirgteexon ofpkc-z.2
included exon 1C, intron 1C and exon 2Cpbic-2¢ but missing exon 3C, exon 15, and
exonl6. Isoform-specific regions used in the RNAI experiments are shown assed ba
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pko-2c.2
rkc-2c 122

prkc-2c.2 268

rko-2c 222

pkc-2c.2  3%3

pko-2c Ses

pko-2c.2 431

rkc-2c 422

pkeo-2c.2 431

pko-2c 522

pkc-2c.2 491

pko-2c 622

pko-2c.2

pko-2c

pko-2¢.2 &%l

pkc-2e 822

rkc-2c.2 7591

pkc-2c 922

pkc-2c.2 g1

rko-2o 102z

pkc-2c.2 291

pkc-2c 1122

pko-2c.2 1081

taaatatttcttt &7

|
TALGGTRAATATTTICTTIT 97

[T | ITLT 1Tl
TCTTE

AGTTTTCGITAACATCTCA

I
AAGTCT

cacgttttctgtttctggttaaattaattattgtgttgacgticaaaattctigocaattcttacctcooctgocattagtttgtgttattccattcatcee 88

TTRCCTCOCTIGCATIAGTTI TG GITE

CRCGTTTICTIGITICT

ARLRTTRATTATTIGTEITGRACGT

ttcatcatacctoctoccatctgogattttcattaaaccat tgtaaaagatttattctggtgaaggaaggcaaaaaagecgcgagacgatggatagtgecag 121
[T (NN
[ECCatggaTAGTGCAG 297

GOERTTTICATIT

RERY

agcgtcgacgatocgagaccyatattggtygtygtcocagaaatagogctgatgctcggccgagectcgatctgt cgtocogatcctatgotegagtogaa 221
PEVEEEEETE e e et e e v e e e e v e b e e e e e e e e v e e e v e e e e e ey
AGCGTCGACGATCCCAGACCGATATT GETGETEGTC CCAGA AR TAGCGCTGAT GCT CoGCCGAGC CTCGATCTGT CET CCGAT CCTAT GC TCGAGTCGAR. 387

2 cotegeactsograsactateassget vro MO e A A e S A USSR REAR e 5

PICTTEER TP e e
TCTTGCACT TCGTARACTATC TGAAGCT TICGC ——— —— — e 430

attogaasgtotatatcasacoetiTAGteta AT Ut LA CIECCAT CACHRGICACEUgE AT CAT AC AT T SR COT AgatE CgaRT TR ECECATEgES 2

e e e e e 431

eSS EEET e o eaaag et ceacgaaEaag ot ca acyJa togaagyasaagcat ttgiTog togtg iy cacttcgccagaaaaat gtgoa 521
[(RER RN RN AN R R AR R R R RN AR AR
———————————————————————————————————————— tcaacggatogaagyaaaagcatttotTogtegtgotycactiogocagaaaaatogtgca 450

tgaaatcasatcgcacaadttcatigcAagyttiitcadacagccaacgttoigotcacat tycasagattictigtggggtataacaaaacagygactt 621
(R RN R R NN RN R RN R RN AR R AR AR R RN R RN RN AR RN R
tgaaatcasatcgcacaaattcattgcaaggtititcaaacagccaacgttotgctcacat tycaaagatticttgtgggotataacaaaacagygattt S

cagtgccaagtatgtacocottgtggtacacaagaggtytoacyagtttgtcaattteygcatgtocaggyagoagat asaggagtagataccgatgatecte 721
(AR NN R R R R RN R RN AN R NN R RN R R R R RN AN
cagtgccaagtatgtaccottgtggtacacaayayytytocacyagrttgtcaatitoycat gtocagyagoagatasagyagtagyataccgatgateocte 690

gocagocagoataaatggaaagttcasacatactcatcgcoyacgitttgogatcattgtggotocttigotoctacygtattotycaccaaggeatyaagty 921
FEEEEEEE T r e e et e e e e e e v e e e e e e e e e e e e e e e e v e e e e e e e e
gocagcagoatasatyggadagttcasacatact CcAatCcgCCyacyTiitgogatcattgtgy ot Ty ctCtacygtatt Ctycaccaaggratyaagty

-

ccaatcttgtgacacaaatgtgoatcaccgatyogtcaagaatygigocgaacatytgiggtacogacaatacagagaagagaggtagactacgaattgaa 921
PEEEEEEE T r e e et e e e e e e e v e e e e e e e e e e e e e e e v e e e e e e e e
ccaatcttgtgacacaaatgtgoatcaccgatyogicaagaatgigocgaacatytgiggtaccyacaatacagagaagagagotagactacgaattgaa 39

(=]

gCacacatcgagaaTtyatcagttaacCAtLaaaaTTCLggagycgasaaacttgattcoaatygacooocaatygatiytoctgaccottatgtgaagtgoa 10
(AR NN R R R N R RN R RN AN N R RN R R R R RN AN
gcacacatcgagaatgatcagttaaccattaaaaticiggagycgaaaaactigattoccaatygacocoaatgyuatigtotgaccottatgtgaagtgoca 990

Aa3CTUETICCoUgagga T COrgaTUCAA0tcaaaaCaAraaaactas3acat tragagr TAC Lot TAAC oo LCaat JUa At gaaacTITTACtTATaRaCT
(R RN R R NN R AR R RN R RN AR R R RN AR R RN NN RN AR RR RN

aactgattcoggaggattogyyatgcaagtcaaaacagyasaactaaaacattgagagctactocttaaccotcaatggaatgaaactittacttataaact 1090

gctaccaggagataaggatcyycggctttotat Tyaagttt §ygactyggatcgtacatot Cyaaatgacttcat guyaagct Ty Toy tt tyytatitca
AR AR AR RN R R A R R NN N RN AR R NN AN R R RN R R R RN A RN RN AR ARR RN
goTacCagyarataaggatergogyc it Lot At TYR Ayttt U Uac Tygyatcgtaca ot COaaaTgACtioat ggyaagct Ty Togtttogtatitea 1190

83



Results

rke-2c 1222 gaacttatgaaguaagcagcgtcogdtigot acaaactgctcagTyoygaagaayyagaattctacaatatcaacatcacacctyastacgacgaagata

[RERRN [ARRRA [RERN [RREA [RERN [RRRAN [RERR [RRRA [RRER [RRRA
pko-20.2 1151 gaactTatyascuaadcagor ooyttt acaaact ot AT oydaaTaarTaraattotacastatcaacatoaACACCTUASTACTACTAATRTE

pke-2c 1322 tggaaaaagtgcgcaagaagatgaatgaaaactitatcacacgagacaacagticttotaagocaaaagacoocgyotgococcaagagctagtacactoeos 1421
[RERRN [ARRRA [RERN [RRRA [RERN [RRRAN [RERR [RRRA [RRER [RRRA

pko-2c.2 1281 tgoaaaaagtgcgcaagaagatgaatgaaaaciitatcacacgagacaacagtitettotaagocaaaagacoccggctyococaagagotagtacacttes 1380

rko-2c 1422 tctocggcagttcoccaatcacaacgtgatcaaggotiotgactttaat ctcactgttcttggaaaaggatcgtti tggaaaagtgttgcttgycyaacaa 1521

pkc-2c.2 13%1 tctcggcagttccaatcacaacgtgatcaaggctictgactttaatttoctcactgttcttggaaaaggatogtitggaaaagtyttgocttggogaacaa 1490

aaaacaacaaaagagctgtitgcgatcaaagtgotcaagaaagatgtyatt attcaagacyatgacgtyyaatgcacaatgactgagaagcgogroctty 1621
[RERRR [RRREN (AR [T RN I It I It I

pke-2c.2 1451 aasacaacaaaagagctgtttgcgatcaaagtgctcaagaaagatgtgattattcaagacyatgacgtggaatgoacaatgactgagaagegeogtecttg 1580

rke-2c

rko-2c 1€22 ctcttcoggaaaaaccatcattccocttgttgototgoattogtgoticcagaccatggacogtttgtatttogtgatggaatttgtaasatggtggtgatct
[RERRR [RRRRN RN [ RN I [HARN [ It [
pkco-2c.2 13%1 ctcttccggaaaaaccatcattoottgttgototgocattogtgctticcagaccatgGhcogttigtatttogtgatggaatitgtaaatggtggtgaces 1690

rke-2c 1722 gatgtatcasatccagcaagttgggaaattcaaagaaccagttgotgttttoctacgctgotgaaattgoogtoggTotgtttttococttocactocaaaaggt 1821
[RERRR [RRRRN (AR [T [RARN I RN [ It [

pkc-2c.2 1891 gatgtatcaaatccagcaagttgggaaaticaaagaaccadytigctgtittctacgctgotgaaattgoocgtcggtotgtttttoocttcactcaaaaggt 1790

pkc-2c 1322 atcatctacagagacttgaaattggataatgttatgctogaacgagacgggcatataaagatcacocgattttggaatgtgoaagyaasacatatteggay 1921

pke-2c.2 1791 atcatctacagagacttgaaattggataatgttatgctocgaacgagacgggcatataaagatcaccgattttggaatgtgoaagyaaaacatattoggad

pko-2c 15322 acgccacgacaaasacattctgtggaactcoccggactacattget gagattattctatatcag tatggaasatctgtggattggtgggecttatgy 2021
[RERRR [RRRRN [RARN [ [RARN I It [ It [

pkc-2c.2 13%1 acgccacgacaaaaacattctgtggaactocgyactacattgotoctgagattattctatatcagocttatggaaaatctgtggatoggtgggottatgy 1990

rke-2c 2022 tgtcctactatttgaaatgottocaggacaaccaccatttgatggagaagacgaagatgaacttttcacagectatcaccyagoataatgtgtectaccey 2121

pko-2c.2 1991 tgtcctactatttgaaatgottgcaggacaaccaccatttgatggagaagacgaagatgaacttttcacagotatcaccgagocataatgtgtoctaccey 2

pke-2c 2122 aaasagtctatccazagaagotgtgtotitgtgocaaagoattgetoatcaaaaatocatcaaaacyattgggatgtactggagacyatgaatcageogagta 2221

rko-2c.2 2091 aasagtctatccaaagaagotgtgtocttigtgocaaagoattgotocatcaaaaatoccatcaaaacgattgygatgractgyagacgatgaatcagogagta 2190

pke-2c 2222 gagatattaaggaacatccattottccgocgocatigattggttcaaaattgagactogtoaaatccaaccaccattcaagocaaaactgaagacegatag 2321
[RERRR [RRREN [RARN [T [RARN I It [ RN

rko-2c.2 21%1 gagatattaaggaacatccattcticoccocgoogcatigattggttcaaaattgagactogtoaaatccaaccaccattocaagocaaaactgaa ————-—— 22EB1

pke-2c 2322 gtcaacggaaaactitgaccattogttoctcaaattgoccaccasaatgacacogocggattggyaagttttggaasatetecaagggogacgagtteage 2421

rkc-2c.2 e e
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pke-2c
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I I (AN [RARRN I |

Pke-2C.2 2282 — e At CCOCCUATUATtactt CCAACtt CyattCagagtt CACTCACTAg QLT O rrrem mem ~reme e 2337

pko-2o

ccgattgaccgtetattcctcatgaatctgyatcaaactgaattcgaaggattctocttttgtcaacccagaatatgttcaagagtgetaa 2811

rko-2c.2

Figure 6-12: Total sequence alignment gbkc-2c.2 comparing to pkc-2-c. Total sequence

alignment ofpkc-2c.2comparing tgokc-Z. Intron 1C was marked yellow. Red line presents
the primary exon 1C.2 gbkc-2c.2 including exon 1C (dark grey in linel), intron 1C and
exon 2C (followed light grey line). A Kozak sequence (framed with recafgtated in exon
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1C.2, carrying an ATG start codon (blupkc-2c.2exhibits a highly homology witipkc-2c
but missing exon 3C, exon 15, exon 16 and having an incomplete of exon 17 (ngirked |
grey and dark grey lines in turn in the end). The primer positmmRT-PCR were shown by
black arrows (PKC-2-KG5: dash line; PKC-2-KG6: “dot-dash-dot” line).
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346 W F I T R D N s s s K P K D P
4688 aac ttt atc aca cga gac aac agt tet tet aag ceca aaa gac cog

361 A A P R A 5 T L P L G 5 5 N H
4733 get geoe cca aga get agt aeca ctt cet cte gge agt tee aat cac

376 W v I K A 5 D F N F L T WV L G
4778 aac gty atc aag gect tet gac ttt aat tte cte act gtt ctt gga

391 K G 5 F G K i L L G E 2 K T T
4823 aaa gga teg ttt gga aaa gtg ttg ctt gge gaa caa aaa aca aca

406 K E L F A I K WV L K K D v I I
48668 aaa gag ctg ttt gog atc aaa gtg ctc aag aaa gat gtg att att

421 Q D D D ¥ E C T M T E E R v L
4913 caa gac gat gac gty gaa tgc aca atg act gag aag cgc gtc ctt

436 A L P E K P 5 F L Mk L H 5 C
4958 geot ctt ccg gaa aaa cca tea tte ctt gttt got ety cat teg tge

451 F Q T M D R L Y F Vv M E F v N
5003 ttc cag acc atg GAc cgt ttg tat tte gty atg gaa ttt gta aat

466 G
5048 ggt ggt gat ctg atg tat caa atc cag caa gtt ggy aaa ttc aaa
E

451
5093 gaa ceca gtt got gtt tte tac get got gaa att gee gte ggt ctg

436 F F L H 5 K G I I i R D L K L
5138 ttt tte ett cac tea aaa ggt atec ate tac aga gac ttg aaa ttg

511 D N ¥ M L E R D G H I K 16 ak D
5183 gat aat gtt atg ctc gaa cga gac ggg cat ata aag atc acc gat

526 F G M C K E N 1E; F G D A T T K
5228 ttt gga atg tge aag gaa aac ata ttec gga gac geoc acg aca aaa

541 B e D e Ty
5273 aca tte tgt gga act ccg gac tac att get oot gag att att cta

556 NN e e e
5318 tat cag cct tat gga aaa tet gtg gat tgg tgg get tat ggt gte

571 L. L F E M L A G © P P F D G E
5363 cta cta ttt gaa atg ctt gea gga caa cca cca ttbt gat gga gaa

586 D E D E e T s BHETC B
5408 gac gaa gat gaa ctt tte aca get ate ace gag cat aat gtg teoe

601 ¥ P K 5 L 5 K E A v 5 L ¢ K A
5453 tac cecg aaa agt cta tee aaa gaa got gtg tet ttg tge aaa geoa

616 L L I K N P 5 K R L G C T G D
5498 ttyg cte atc aaa aat cca tea aaa cga ttg gga tgt act gga gac

631 D E s A 5 R D I K E H P F R
5543 gat gaa teca gog aght aga gat att aag gaa cat cea tte tte cge

646 R I D L F K I E ks R Q I Q P P
5388 cgc att gat tgg ttec aaa att gag act cgt caa atc caa cca cca

661 F
5633 ttc aag cca aaa ctg aaa tec geoc gat gat act tee aac tte gat
676 S
5678 teoa gag ttt act cac gag gte
d
g
|

Figure 6-13: pkc-2c.2 DNA and protein

sequence with predicted domain architecture.

Two C1 domains (green and red lines in the text),
a C2 domain (blue line) and a protein kinase
domain (grey line). Primer pairs were shown by
black (KG2/KG4) and blue arrows (KG17/KG18)
(full line).
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Regulatory Domain
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Figure 6-14: SMART analysis of predictpkc-2c.2 translation product structure. The

regulatory domain is composed of Two C1 domains (yellow) which bi#@/phorbol east,

and a C2 domain (green) which bind"C&he catalytic domain binding substrate is marked

blue.
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391 E C T M T E K R v L A L P E K
1171 gaa tgc aca atg act gag aag cgc gtc ctt get ctt ccg gaa aaa

406 P s R T ] 5 [ Q T M D
1216 cca tea tte ctt gtt get ctg cat teg tge tte cag ace atg gac

421 R L ¥ F Vv M E 15 v N G G D L M
1261 cgt ttg tat ttc gtg atg gaa ttt gta aat ggt ggt gat ctg atg

436 ¥ Q T Q Q V 6 K F K E Prilee Ruay
1306 tat caa atc cag caa gtt ggg aaa ttc aaa gaa cca gtt get gtt

451 F b A E I AV G L F E L H 5
1351 tte tac get get gaa att gee gte ggt otg ttt tte ctt caec tea

466 K G I I ¥ R D L K L D N v M L
13%6 aaa ggt atc atc tac aga gac ttg aaa ttg gat aat gtt atg ctec

481 E R D G H I K I T D F G M Cc K
1441 gaa cga gac ggg cat ata aag atec acc gat ttt gga atg tge aag

496 E N I F G D A T T K T i C G T
1486 gaa aac ata ttc gga gac gec acg aca aaa aca tte tgt gga act

511 P D Y 1L A P E T 1r L ¥ Q P Y G
1531 cecg gac tac att get cct gag att att cta tat cag cct tat gga

526 K 5 v D W W A 4 G v L L F E M
1576 aaa tet gtg gat tgg tgg get tat ggt gte ota cota ttt gaa atg

541 L A G Q P P 1 D G E D E D E L
1621 ctt geca gga caa cca cca ttt gat gga gaa gac gaa gat gaa ctt

556 F T A 1L T E H N WV s XY P K s L
1666 ttc aca get atec acc gag cat aat gtg tec tac ccg aaa agt cta

5371 8§ K E A v 5 L C K Y L L I K N
1711 tec aaa gaa goct gtg tet ttg tge aaa gea ttg cte atc aaa aat

586 P s K R L G C T G D D E s A 5
1756 cca tca aaa cga ttg gga tgt act gga gac gat gaa tca geg agt

601 R D I K E H P F F R R I ] W 5]
1801 aga gat att aag gaa cat ceca tte tte cge oge att gat tgg tte

6le K I E i R Q I Q B P F K P K L
1846 aaa att gag act cgt caa atc caa cca cca ttc aag cca aaa ctg

631 K T D R s T E N F D H s F L K
1891 aag acc gat agg tca acg gaa aac ttt gac cat tcg tte cte aaa

646 L P T K M T P P D W E v L E N
1936 ttg cecc acc aaa atg aca ceg cocg gat tgg gaa gtt ttg gaa aat
«“—

661 L K G D E F s N F 5 F v N P F
1981 ctc aag ggc gac gag tic agc aac ttt tea ttt gtc aac ceg ttt

676 Y v K D v E P *
2026 tat gtc aaa gat gta gaa cog tga

Fiqure 6-15: pkc-2b DNA and protein
predicted

seguence with domain

architecture. Two C1 domains (green and red
lines in the text), a C2 domain (blue line) and
a protein kinase domain (grey line). Primer
pairs (KG1/KG3) were shown by black arrows
(full line).
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6.2.2 PKC-2 is expressed in Pharynx and Neurons

In order to investigate the expression pattern ofptte2 gene, we analysed various reporter
gene constructs i€. elegansadult worms. To detect the expression of every isofori@.in
elegans the report gengfp was inserted into three positionspKc-2 gene: the 5° exon 2C,
the 3’ exon 13A, and exon 10 in common region to be sure that every isaffpko-2cDNA
driven by its own promoter will carrgfp. We observed that all three constructs exhibited the
similar expression pattern. GFP was intensely expressed innghamyg neurons. In the head
of adult animal, the nerve ring surrounding the pharynx and the ventra ocerd (VNC)
were clearly seen (Figure 6-16). No GFP signal was found irepashalf of adult worms.
And we did not observed GFP signal in body-wall muscle cells in asithals, but only
DEB-1/vinculin expressed in dense-body in muscle cell (Figure 6-16, H).Howevweuscles

of head, a very weak GFP signal was detected, where thdenwias more compact than

body wall muscles (Figure 8-3, E).

Considering the expression pkc-2 might be too weak to be observed in muscle cells, we
tried to over-express PKC-2 specifically in muscles. The twotagris myo-3::pkc-2carried

the potent muscle promotenyo-3 and contained cDNA isoformpkc-2b and pkc-2c.2
respectively fused to the GFP encoding sequence (Figure 6-5A,V8e6nlso performed
double-staining experiments with the MH24/anti-DEB-1 antibody, whetognizes the
DEB-1/vinculin protein, one of the main components of dense bodies (Feamkci&/aterston,
1985; Barstead and Waterston, 1991), and mouse anti GFP antibody. Howe®#P no
signal could be detected in body-wall muscles. RT-PCR detectak pkc-2b mRNA
expression in transgenic animals (Figure 6-17). It is possiblgusecof RNA or protein

instability.
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Figure 6-16: Cellular localization of PKC-2 protein in C. elegans. (A and B).pkc-2::gfp

with gfp inserted into exon 2C gdkc-2gene expressed in head ring ganglia (white arrows).
(C and D).pkc-2::gfpwith gfp inserted into common exon 10 gic-2gene expressed in head
ring ganglia (white arrow), ventral nerve cord (yellow arrawth a cell body of a neuron
(red arrow). (E and Fpkc-2::gfpwith gfp inserted into exon 13C gkc-2gene expression.
(E). ofp was detected in head ring ganglia (white arrow), neng (red arrow) and ventral
process (purple arrow). (Fgfp located in ventral nerve cord (yellow arrow) and two neuronal
cell bodies were seen (red arrows). (G). PKC-2 expressed innghaiy). Dense body
localization of the DEB-1/vinculin protein labeled with MH24 antibodsdjr(white arrow).
Scale bar=10um.
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«1.6KDb

Figure 6-17: RT-PCR _of transgenic C. elegans pKG53. Transgenic worm lines 1 to 9

expressed a weagkc-2bmRNA. N2 was negative control.

6.2.3 Investigation of PKC-2 function

In order to investigate the function Gf elegangkc-2 we knocked down its expression by
RNAI: a larger fragment corresponding to common regiopkof2 cDNA isoforms (pKG66);

a smaller fragment corresponding to particular 5’ exopkef2c.2(pKG65) (Figure 6-11, red
bars) which helped us study the putative function of 5’ exgrkof2c.2

In particular, since our laboratory is interested in muscle biology andensgeneration, we
looked at the potential effect of reducipgc-2 function in musclesC. elegansnutantsdys-
1(cx18) lacking DYS-1 (lys-1 mutants) are hyperactive and show a tendency of hyper
contraction (Bessoet al, 1998). The inability to detect muscle degeneratiodyis+1(cx18)
mutants inC. elegansis probably due to the short life span of the animals. However, the
double mutantys-1(cx18); hlh-1(cc561&xhibits a severe progressive muscle degeneration,
up to 30% body-wall muscle cells are damaged compare to wildatyjpeals, and paralyze
phenotype(Gieseleet al, 2000). Therefore, it is an ideal working model to study the

mechanism of muscle degeneration.

First, we tested the efficiency of our RNAI construct bydfeg strainMosTIC pkc-2 which
carried thegfp reporter gene in the endogenqukg-2 gene (strain established in laboratory).
Strain MosTIC pkc-2displays agfp expression in neurons and spermatheca (Figure 6-18A).
Results showed that worms fed wjikc-2 RNAI had a greatly diminishegfp expression in
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the spermatheca (Figure 6-18 C). However, the fragment corresponding to 5’ @kor2cf2
had no effect on worms (Figure 6-19 B). Although it showed no specifitidnna 5’ exon

of pkc-2c.2 there was possibility that RNAi experiment of this smaller fragment did oidd. w

Then we fed wild-type N2 worms with the same construct. No morpicalodefects were
observed and muscles appeared norpikd-2 RNAiI seemed to make worms more sluggish

and bloated with more eggs (data not shown).

Neurons

Spermatheca

Figure 6-18: pkc-2 isoform-specific RNAi_control experiments. (A). GFP expressed in

nerve ring and spermatheca in transgenic worms. (B). Adult amwede fed with dsRNA
specific to particular domain @kc-2c.2(shorter red bar). GFP signal was found in neurons in
head (red arrow) and in spermatheca (red arrow head). (C). Adoialanwere fed with
dsRNA specific to commune domain @kc-2 cDNA isoforms (longer red bar). GFP

expression was only detected in head neurons (red arrow).
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To investigate the RNAI effect gfkc-2on dys-1(cx18); hlh-1(cc561we usedkc-2(0k328);
dys-1(cx18); hlh-1(cc5619s control strain. Thdys-1(cx18); hlh-1(cc561gndpkc-2(0k328);
dys-1(cx18); hlh-1(cc561yvere fed with bacteria containing empty RNAI feeding vector
L4440 as control, and bacteria producing dsRNA. Knocking kd-2(ok328) could
ameliorate muscle degeneration in double mutigstl; hlh-1 comparing 3.95 to 6 muscle
cells missing (Table 6-3). However, RNAI experiment showed thttaredsRNA specific to
particular domain opkc-2c.2nor commune domain gikc-2 cDNA isoforms could affect
muscle degeneration iys-1; hlh-1comparing to triple mutamikc-2(0k328); dys-1(cx18);
hih-1(cc561) Unlike other tissues €. elegans RNAI effect is less effective in neuron

system. The results probably indicate thlat-2levels are not essential to muscle physiology.

Table 6-3:Muscle defects indys-1: hlh-1 by feeding dsRNA

Number of
Number of abnormal
Genotype Worms muscle cells ~ Standard
scored (per line) deviation
dys-1(cx18) ; hlh-1(cc561) 20 6 1
on RNAI L4440
dys-1(cx18) ; hlh-1(cc561) 20 55 11
on RNAIi pKG65
dys-1(cx18) ; hlh-1(cc561) 20 5.2 1
on RNAIi pKG66
pkc-2(0k328);dys-1(cx18) ;hlh-1(cc561) 20 3.95 1.2

on RNAIi L4440

Muscle cells were observed after phalloidin-rhodamin staining ofasifixed 3 days after

the L4 stage.

93



Results

6.2.4 Identification of PKC-2 binding protein by Yeast two-hybrid Screen

In order to identify potential molecular partners of PKC-Zireleganswe performed a yeast
two-hybrid screen in order to find potential functional partner WER2. A candidate gene
emerged from the screen: Y59A8A.3 (Figure 6-19). When the Y59A8A.3 edsassa query
against Swisspro, protein database presented homologues including atertidamin A

interacting protein 1 isoform 3, shown in the partial alignmemtSigure 6-20. In addition,

SMART analysis indicated that the conserved sequences correspond to coitkuveon.

Construct pKG67
7 BEENRER— €2 s = %
& i X
i 4| %
E
Construct YS9A8A.3
. - - D l‘ll
Homologue of filamin A interacting 3 g <
. 5 = | M
protein 1 = =
F
[aa]
Prey protein Prey plasmid
gal4-AD PACT2
YS59A8A.3 Y59A8A.3

Figure 6-19: PKC-2 interacts with Y59A8A.3 in diploid yeast cell. The table indicate the

different plasmids used in this screen. Bait and prey proteinimpsotge schematically
indicated (top left). The cells grow in medium without His, Lend &rp. pACT2 and pAS2-
1were used as control. Only interaction between Y59A8A.3 and PKC-2 regulatorindama

74-303) allows cells to grow in the selective medium.
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YG59ABA . 3 VKALNKKMTESAVKIEKLNKEKMAVEQREKHEQAQRQOLLOKVAQNQAHESELARQIQET 253
Filamin LKAITSKSKEDRQKLLKL- - -EVDFEHKASRFSQEHEEMNAKLANQESHNRQLRLKLVGL 405
interacting ** £ % T # £ % #* ™ #

protein 1

Y59A8A .3 EGELEVEEQELVAAGEAVEINNNEEHEERELELLR-————-—— STHNSSFSTELETIREEHERQL 306
Filamin TQ--RIEELE————-— ETNENLOKAEEELQELRDEIAKGECGNSSIMAEVENLEE-EVLEM 457
Interacting ¥ % % *% ¥ k% ¥ % *kF * *

protein 1

YEO9A8AR .3 QEFQEEWKFLHEQLEQEREEF LISEKEHAFRQTHL—————— FLAAAVENVEAELEKQGEEWI 360
Filamin EGFDEEITETESQCRELREFELOQEEEHHSRELELEVERLOFRMSELEELEEAFSESESECT 517
Interacting ¥ % ¥ * & LI * % * % % ¥

protein 1

YROABA .3 QOLSTHNQTLEQHNL--ELEAATSVAKARDQDGEAQKWTMEFAQMI --ENYTRLEALIGEL 416
Filamin QL--HLNLEEEENLTED LLNELEVVESEVEELECSESELEEAELSLEDDLTEKLESFTVML &75
Interacting ** * T # * % £ % * ETT * %

protein 1

Y59RBR .3 NEDISEFHEYEEQQEVIVNELNHREFAHLDTIEQLREQISIEESKELAELD 466
Filamin VDERENMMEE IKQEERKVDGLNENFEVEQGEVMDVTEELIEESEFLLELE 625
Interacting ¥ kE % E &% * * ¥ k% *

protein 1

Figure 6-20: Partial alignment of Y59A8A.3 to vertebrate filamin interacting protein 1.

Amino acids which conserved in protein Y59A8A.3 and filamin interactirgein 1 are

marked with red asterisks.

In vertebrate, filamin A promotes orthogonal branching of actin &la and links actin
filaments to membrane glycoproteins (Gosinal, 1990). It anchors various trans-membrane
proteins to the actin cytoskeleton and because many filamin-ititgrgoteins (FILIP) are
membrane receptors for cell signaling molecules, filaming ateo function as an important
signaling scaffold by connecting and coordinating a large yaoietellular processes to the
dynamic regulation of actin cytoskeleton (Stossélal, 2001; Beekmaret al, 2008).

Although abundant evidences link filamins to cell signaling pathwiays unclear how the
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signaling reactions affect filamin function. Several serine@thine protein kinases

phosphorylate filamins, including protein kinase C (Kawamoto and Hidaka, 1984).

Therefore, C& and phospholipid-dependent phosphorylation by protein kinase C may
modulate the function of actin-binding proteins has to be considered. Totetugptential
interaction between PKC-2 and filamin A, we should verify the fiha/ in neuron, and a

test ofpkc-2dependent filamin A phosphorylation is also needed

6.3 Conclusion

We have generated different kinds of recombinant constructions, includkg clones and

genomic clones, to examine the expression pattern of PK@2alegansadult animals.

Our analysis showed that PKC-2 is undoubtedly expressed intenselyymyhad neurons.

A nerve ring and head ganglion, where very strong expression of2PK&s detected, has a
characteristic structure. Ventral cord neurons also expresk€d2P These neurons are
cholinergic motor neurons required for locomotion (Wood, 1988). No PKC-2 eggrestail
neurons. RNAI experiments suggest that PKC-2 expressing level isssential to muscle
physiology ofC. elegansHowever, although our control experiments showed that the RNAI
constructs were active, we did not quantitate the levglkof2 extinction, which may also

vary from tissue to tissue.
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Chapter7 Screen for 5-HT resistant mutant in gokc-
2(0k328) background

7.1 Material and Methods

7.1.1C. elegans strains, alleles, and culturing

The Bristol strain N2 was used as the standard wild-type stBagenner, 1974)pkc-2
(ok328)strain has a null allele of gep&c-2in X chromosome. Hawaii CB4856 strain was
used for single-nucleotide polymorphism mapping as described bksWt al (Wickset al,
2001). The strains were obtained from the Caenorhabditis Genetics ((&@te). All worms

grow in 15°C. Animals were maintained using standard procedures (Brenner, 1974).

EMS (ethane methyl sulfonate) (Sigma #M-0880) was used agjenuta treat L4 stag€.

elegans

TheC. elegangyenetic markers used wel@-31(n301), unc-4 (e120),GlI.

EMS Mutagenesis Protocol:

Collect 100 L4 stagpkc-2worms in a NGM plate!5.5cm

Wash plate with M9 buffer

Add EMS solution (at a dilution of 1:100 in M9) into 2ml worms
Keep worms in room-temperature for 4H

Centrifuge in 1000rpm for 1min

Wash worms with 10ml M9 buffer for 2 times

Centrifuge

Collect worms into new fresh NGM plate

V V V V V V V V V

Worms grow in 15°C for 6 days
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7.1.2 Genetic Crosses

All cross experiments were done in 15°C.

The males were generated following a mild heat shock (34°C for 3-&)hdvales are

diploid for autosomes but haploid for X chromosome (X/

To constructpkc-2/Hawaii strain (LS944), Hawaii CB4856 males were crosseghko-2

hermaphrodite 5 times to get 15/16 of Hawaii genome sequence.

To generate candidate mapping strain, LS944 males were crossedittatahermaphrodite.
The m/m animals were selected from heterozygote F1 by 4mg/ml serotonin.

To generate three-factor mapping strinr31 unc-4m pkc-2pkc-2 N2 males were crossed
to lin-31 unc-4hermaphrodite first. Then | pickdith-31 unc-4/+males to cross to candidate
hermaphrodite. The genotyfie-31 unc-4/mpkc-2+ was identified from the cross-progeny
according to their recombinant off-spring Lin Non Unc and Unc Non Tire genotypdin-

31 unc-4/nmpkc-2pke-2was identified by testing with 4mg/ml serotonin.

7.1.3 Single worm DNA extraction

Two adult worms were collected in 2.5l lysis buffer (10mM Tris-HCI pH8.2; 2.5ndC IV
50mM KCI; 0.5% Tween20; Proteinase K 200ug/ml). Keep worms in -80°GCimin and
then incubated for 1H at 60°C followed by heat-inactivation of PraseirK at 95°C for

10min.

7.1.4 PCR and RFLP fragment analysis

Single-worm lysates (2.5u1 samples) were added to 22.5ul R@Rtion mix. Final
concentrations in PCR reaction were: 0.4uM forward/reverse pridenM dNTPs, 1x PCR
reaction buffer, 0.25U Taq polymerase. PCR reaction setup was done iall9glates.
Cycling parameters were: 2min 95°C, 30sec 95°C, 30sec 95°C, 58°C 30sec, 72C 1mi
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30cycles. Following PCR, 5ul reactions were digested with 0.5U enzym buffer in

V17r10ul. 1.5% gel electrophoresis analyzes.

7.1.5 RNAI screen

Worm growth culture, bacteria culture, clones and vector

Regular Nematode Growth Medium final concentrations were: 4mgérotonin, 1mM

IPTG, and 25mg/ml carbenicillin.

The bacteria strain fed on worm is competent cell HTE1®oli. The bacteria culture is
Luria-Bertani broth with 100ug/ml Ampicillin (final) and 15pg/ml tetraayel

Used plasmid is L4440, and control clonesg@os-{embryonic lethal)dys-Xhyperactive).

7.2 Results

7.2.1 Thepkc-2 Recessive Suppressor Screen

The pkc-20k328 mutants are sensitive to serotonin. We observed thatkth:@ parent adult
animal has increased egg-laying and has decreased locomotiorfirattB&min when put on
4mg/ml serotonin compare to N2. In addition, 75%pké-2 larvae animals display a severe
blister phenotype in presence of 4mg/ml exogenous serotonin and died Ibkeftsge. The
blister mutants have fluid-filled blebs between the two layersifay the cuticle (Figure 7-1,

B, and black arrow).

In order to understand the potential function of bpkic-2 and serotonin in the process of
muscle degeneration {D.elegansas well as their correlation between PKC-2 and serotonin, |
performed an EMS screen (10,000 haploid genomes) for recessive sugpoésber blister
phenotype opkc-20k3289 mutants in presence of 4mg/ml exogenous serotonin (5-HT). The

chemical mutagenesis (EMS) protocol was described in “material and niethods
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N2 pkc-2

Figure 7-1: pkc-2 blister phenotype in 4mg/ml_serotonin plate(A). C. eleganan NGM

petri plate. (B).C. elegansn 4mg/ml 5-HT NGM petri plate presents blister in cutidda¢k

arrow).

The effect of 5-HT on pkc-2 worms

120

Figure 7-2: pkc-2 response to

100 ,4. 100 100 ‘ 100 ‘_1_9€

. different concentration  of
Survival 80

~ 4 N2 serotonin. The concentration of
—ll— PKC-2

60
serotonin is Omg/ml, 2mg/ml,

40
2 \%230 4mg/ml, 6mg/ml. The N2 is not

affected by all 4 concentrations

0 R

2 4 . .
0 ° of serotonin butpkc-2 survival
e N2 100 | 100 | 100 | 100
~MPKC-2| 100 100 22 30 is extremely decreased in

Serotonin concentration in plate (mM) 4mg/ml serotonin

The L4 stage worms have many meiosis cells in the distal gonhdn \EMS induces a
mutation in the chromosome, that most commonly causes single baseupations G/C to
A/T point mutations or small deletions/insertions, we can isthetdiomozygote mutant after

several generation.
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| treated 500(pkc-2 L4 stage worms (F1) with EMS, then transfer a single waoitim a new
NGM plate to let it grow in 15°C for 7 days to get the self-pnyge2. Based on the Mendel
Law, there will be ¥4 of F2 homozygote containing the mutation, ¥ of F2 hgotezwild-
type, and %2 of F2 are heterozygote. The 4 F2 generation worms weed madomly, when
selected the homozygote worm by 4mg/ml serotonin.

However, if the mutated allele is low penetrance, then thereonliyf sometimes produce the
symptom or trait with which it has been associated at a deledevel. Penetrance is a term
used in genetic, describing the proportion of individuals carryipgracular variation of a
gene (an allele or genotype) that also express an assophé&notype. Penetrance only
considers whether individuals express the phenotype or not. In #hefdasv penetrance it is
difficult to distinguish environmental from genetic factors. Consideonly few progeny
carrying the mutation will possess the blister phenotype, d@neidate was not confirmed
until the sixth generation (F6).
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- i ""mnw:
—— — j{f L
pke-2 + doias 'f‘ *f_E‘—"’*‘fﬂf,_‘___;jﬁf
pke-2 + l EMS treatment
F i
e
I .
ple-2 m gy ,/1
pke-2 + '%'fl_:f/

- NGM plate

caee . .

pke-2 + pkc-2 pkc-2 m
phe-2 + phe-2 + phke-2m
F2
+/+
mi+ Figure 7-3: Genetic _screen
M/t protocol. L4 stagepkc-2worms
were treated by chemical
— | M/m mutagen EMS. The F1 will
carry the potential suppressor
F3 l but is heterozygote. | picked
- m/m randomly 4 F2 into 24-well plate
m/m containing 4mg/ml serotonin to

looking for m/m worms. Retest

the mutant until F6 generation

rules out other type mutations

such as dominant mutation.

F6 Confirmed

When screen was completed, in total, 26 candidates were emerged,ax2&Hd cx276
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Retest Candidate in 4mg/ml 5-HT
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Figure 7-4: Confirmed candidates by retesting with 4mg/ml serotoninEach strain was

tested 2 adult worms and checked the progeny in the following weekid\ike-2were used
as negative control and positive control, respectively. Green barstentheaaverage number
of blister animals; the ability of locomotion blue bar) and eggaayired bar) shows no

significant differences. Thpkc-2displays a severe blister phenotype compare to N2 and the
candidates.

7.2.2 Genetic Mapping

To identify the location of potential mutation, | narrowed down the miitagion into the
specific chromosome by single nucleotide polymorphism (SNP) magpidghen performed
three-point mapping for the precise location of mutation. Considelirgdifficulty of

identifying the specific mutation in a very small region inocthosome by three-factor

mapping, RNAI screen helps to point the mutation into a particutee gethe region on the
chromosome.

In SNP mapping, DNA sequence polymorphisms between the wild-type r&ig sind a

closely related strain CB4856 Hawaii are used as silent gemetikers, with applications
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ranging from classical two- and three-factor mapping to measugcombination across

whole chromosome.

SNP mapping is done in two phases. The first phase; chromosome maggeikg to identify
the relevant chromosome and rough position of the mutation. The secors] pheawal
mapping, seeks to place the mutation in an interval between two&R=n be used to fine
map the mutation. SNP detection in both phases is typically perfdmgnading RFLP-type

SNP which alter a restriction site.

Chromosome mapping:

All used SNP markers covered the 6 chromosomes are RFLP-typefSDBA1856 strain. In

this case, | generated the strain LS944 which has been end8lBsl of Hawaii genetic
background, and igkc-2homozygote as well, to cross with the 26 candidates (Figure 7-5, 7-
6). SNP test showed the LS944 is highly homology to Hawaii StigdNP character, except
SNP marker 7, 8 and 9 that are homology to N2 (Table 7-1).

The expected genotype of succeed cross between LS944 and the candidakes
2(0k328/pkc-A0k328 m/m containing 7/8 of Hawaii sequence, and is resistant to 4mg/m
exogenous serotonin. After the genotype get confirmed, 20 separagghyraf one cross
were kept to extract genomic DNA, and then tested the SikBge with all markers listed in
table below except markers 7, 8 and 9. When mapping a recessive nmutdog N2
background against the Hawaii strain, linked SNPs will displagraichment of N2 bands in
the mutant DNA, approaching 100% N2 for tight linkage. The closer thationuiies to the
given SNP being tested, the more that there will be a signifiover-representation of N2

homozygous loci among mutant animals.
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phe-2 g' X Hawaii O’

l
pke-2/Hawaii g x Hawaii d

l

plec-2/Hawaii
l Self-progeny

pke-2/Hawaii g X hawaii d
phe-2 g X Hawaii O’

l
pke-2/Hawaii g' x Hawaii d

i

plc-2/Hawaii
l Self-progeny

pke-2/Hawaii g

Figure 7-5: Protocol of LS944 strain_generation.7 young adult Hawaii males were crossed

to 3 L4 statgokc-2hermaphrodites. | picked cross-progeny hermaphrodite to cross taiHawa
males for 5 times until | got 15/16 of Hawaii genome sequence.
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. (__‘_,f
Candidate pkc-2 m ' 18944 pke-2/Hawaii
pke-2/Hawaii
phe-2 m ¥ X O/

F1 pkc-2 m
pkec-2 +

F2 20F1 grow in NGM plate

l 96 F2 tested in serotonin 24-well plates
F3  pick worms normal

l 50 F3 tested in serotonin regular plates
F4 20worms kept phke-2 m
pke-2 m

Figure 7-6: Protocol of cross LS944 to candidate7 young adult males of LS944 were
crossed to 3 L4 stage candidate hermaphrodites. The cross pregény2 homozygote but

suppressor heterozygote. The m/m self-progeny were selectéohdpynl serotonin and got

confirmed until F3 generation.
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Table 7-1:List of all SNP markers used for mapping and the test for N2/Hawaii/LS844

SNP Genetic Observed band size (bp)

chromosome| clone map enzyme| N2 Hawaii LS944 | allele
marker . . ;

digest digest digest

1 ZC123 -17.9 Sspl ND ND ND P1051
2 KO04F10 | 0.91 Ndel 594 310 310 P1057
3 I C37A5 22.46 EcoRI | 310/280 560 560 P1071
4BIS C07B3 -15.98 / ND ND ND P4050
4 Y66H1A | -24.93 / ND ND ND P4050
5 R105 1 Hincll | 600 300 300 P4034
5A D2096 3.7 EcoRI | 650/230 850 850 P4039
6A Y45F10A | 8.95 Alul 210/130 310 310 P4059
6 M199 12.5 Aval 850 450/400 450/400| P4045
6E Y73F8A | 13.35 Dral 220/120 380 380 P4098
6C Y105C5 | 14 BstBi 800 400/380 400/380| P4046
6F Y51H4A | 15.14 EcoRI | 210 320 320 P4100
6D v C35D6 14.92 Sspl 700 380 380 P4024
7 F28C10 -19 BspHI | 220/180 400 180/220| P610¢
8 FAS5E1 -0.76 EcoRI | 550/300 800 550/300| P611d
9 X F23D12 16.77 Sspl 280 200/100 280 P6124
10 F36H9 -18.9 Dral 330/80 420/80 420/80 | P5076
11 F20D6 0.88 Alul 240/93 350 350 P5062
12 \' Y51A2 17.16 Dral 400 300/120 300/120| P5082
13 T01D1 -18 Dral 410/200/44| 600/44 600/44 | P2101
13B F29A7 -9.2 Alul 700 420/300 420/300| P2114
13A F54D10 | -5.27 Dral 450 210/280 280/210| P2103
14B CO1F1 -4.51 Haell P2051
14 T13C2 0.12 Dral 310/140/70] 400/140 400/140| P2107
14A C50E10 | 5.5 EcoRI | 680 400/290 400/290| P2111
14C F15D4 15.74 Dral 500 300 300 P2116
15 Il Y48E1lb | 16.01 Sspl 520 280/237 280/237| P2117
16B T17H7 -26.33 Sspl 950 560/350 620/380| P3002
16ter C39B5 -15.08 BstUI 210/150 350 350 P3055
17 FIOE9 | -0.31 | Accl | 600/280 | 854 854 P3049

1]
18 Y7SBEA | 1577 | Hindm | 330 260/70 | 280i70 | P97
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| chose 16 better candidates from 26 to perform a first round SNipimgaby PCR and
counted the N2-like digest band for each SNP marker. As diploid organism, for one candidate,
more than 32 N2-like bands from 20 sampt006) are thought to be linked with the related
SNP. In the 16 candidates, 8 showed the strong linkage with SNP naakeoncerted in
chromosome I, I, IV (Table 7-2).

Table 7-2: Results of chromosome mapping

candidate | Linked SNP | N2 score| Chromosome region
cx253 16B 27/32 LGl -26.33
cx254 5 30/36 LGIV 1

6 30/36 12.5

15 31/36 LGII 16.01
cx259 6 30/40 LGIV 12.5

15 29/38 LGl 16.01
Cx263 5 29/40 LGIV 1

6 27/38 12,5
Cx267 14 26/36 LGl 0.12

15 34/40 16.01
Cx268 13 27/38 LGl -18

14 26/38 0.12
cx270 13 25/28 LGl -18

14 28/28 0.12
Cx276 5 35/40 LGIV 1

6 37/40 12.5

Interval mapping:

To narrow down the region around the mutation in correspond chromosomeprhyeetfa
second round of SNP mapping, counted N2-like digest band for ea&ermaie strongest
linkage was located iox27Q 100% N2 between 13B and 14 indicated a highly possibility of
mutation in this region (Figure 7-7).
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Chromosome |I;

SNP 13 13B 13A 14B 14 14A 14C 15
GENETICMAP -18 92 6.2 451 012 8,06 15.74 16,01
cx268 516 M8 ans 618 14118 14118
N-SCORE ! E ; 13 g
13 13B 13A 14B 14 14A 14C 15
Cx254 | | | | | | | |
58 218
13 13B 13A 14B 14 14A 14C 15
X270 ! ! ! ! ! ! ! |
11/14 14/14 14114 12112 12112 13114 12014 9/14
cx259 13 138 13A 148 14 147 140 15
2/10 110
13 138 13A 14B 14 14A 14C 15
{:KZE? | | | | | | | |
7/20 15/20 16/20
Chromosome Ill:
SNP 16Bis 16ter 17
GENETIC MAP 2613 15,08 0
| |
cx253
718 11/18 10/18
N-SCORE
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Chromosome |V:

SNP 5 A 6A G 6E 6C 68D 6F
GENETIC MAP 1 3,7 921 1:?.5 13,35 14 14,92 15,14

276 | | | | | | | |
N-SCORE 11116 1116 1016 13116 12116 13116 12/16 11116

5 BA GA §] GE 6C 6D 6F

x063 . | | | | | | |
20032 16730 11/30 17130 13730 2332 14032 18734

5 H5A BA 4] 6E 6C 6D 6F

054 I B R | | | |
410 o 0 4/10 410 4/10 410 4/10

GA 6] BE 6C 6D B6F

05 | | | | | |
112 T2 M2 812 110 ]

Figure 7-7: Results of fine mapping. The coordinate suggests the genetic map in

chromosome. In all candidatesx270demonstrates the strongest linkage with SNP markers
13B, 13A, 14B, 14, 14A in chromosome II.

Then | did three-factor mapping (Fay, 2006) with genetic markef31(n301) (genetic
position: 1:-5.89cM) andunc-4(e120)(genetic position: Il: 1.76cM). The basic idea is to
cross the mutation into a strain with two linked morphological matkeffl andunc-4that
are on the same chromosome as mutation to gemarfie31 unc-4heterozygote. Followed
two classes of progeny Lin Non Unc and Unc Non Lin, to see whitesk two classes also
produce the mutant type in the subsequent generation, we can det@hather the mutation
lies to the left, right, or between set of markers. Furthermehen the mutation lies in

between, we may determine the approximate distance from each marker (Fay, 2006)

Mapping results showed both Lin Non Unc and Unc Non Lin carriedritiation, which
indicates the mutation is betwelem31 andunc-4(Figure 7-8).
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| tested recombinant stralim-31 cx270/pkc-2lin-31 andlin-31 pkc-2as control straingnc-4
cx270pkec-2 unc-4 and unc-4/pkc-2as control strain; in 4mg/ml 5-HT. 4 from 106hc-4
cx270pkec-2 display a blister phenotype, that mutation is thought not to be in these
recombinant, while 6 are normal. However, only 1 fromia431 cx270/pkc-Zeems to not
carry mutation according to their blister phenotype. The resusisdrghe question that in this
case it is difficult to map the mutation with three-factor mapping since tt&tea region was

too small to isolate.

RNAI screen allows us to looking for the potential gene carrgliegmutation. The principle
rule is to feedpkc-A0k328 strain with bacteria carrying plasmid L4440 which express a
double chain RNA of every clone @f. elegangyene, in the presence of 4mg/ml serotonin,
and look for their phenotype. If a certain clone could suppressidterlphenotype opkc-2

in serotonin, then the clone correspond to the gene could be candidate mutation.

The RNAI bank has more than 87%@f eleganggenes and conserved in 50 384-well plates
(Figure 7-9). Knowing rough region in chromosome 1tg27Q | screened RNAI clone from
genetic position -8.48, cDNA T10D4.7 to 0.66, cDNA C41C4.2, that correspond to 384-well
plate No.3, No.4, No.5, respectively.

After the screen, the coming out candidate gene would be retested for sure.

Besidexx27Q other candidates are need to mapping.
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N2 d X lin-31 unc-4 g
—

lin-31 unc-4 lin-31 unc-4 O/ X cx270 pke-2
. + + cx270 pke-2

l self-progeny l
Lin Non Unc hin-31 unc-4 pke-2 g
cx270 pke-2 wanted genotype

Unc Non Lin
Y cOrss-progeny 4 cross-progeny

self-progeny

v

Lin Non Unc/pke-2

Unc Non Lin/pke-2

Figure 7-8: Three-factor mapping protocol. 8 N2 young adult males were crossed to 4 L4

stagelin-31 unc-4 hermaphrodites. From the cross-progeny, | picked males to aoss t
candidatecx270 hermaphrodite. Meanwhile, | picked hermaphrodite to gendira®l and
unc-4strain as control strain. The second cross-progeny included sgeacypes. First, |
identified lin-31 unc-4/mheterozygote by the self-progeny; second, from these heterozygote
worms | identified those hayekc-2/pkc-Zhomozygote in chromosome X by selecting worms

in 4mg/ml serotonin. Confirmed the genotylpe31 unc-4/cx270 pkc-2/pkc-2 picked the
recombinant worms from the self-progeny, whose genotypdirau®l/cx270 pkc-2/pkc-and
unc-4/cx270 pkec-2/pke-2.
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Figure 7-9: RNAi screen protocol Pre-

cultured clones in 50ul LB containing

ampicilin -~ (100pg/ml  final)  and
tetracycline (15pg/ml final) in 37°C
overnight. Expended this pre-culture into

300ul LBA and
minimum until the bacteria reaches the

let grow 6 hours

exponential growth phase. Depose the
the NGM Petri
(790mm) and wait for 7 days, air dry.

culture into plate

Put 2 pkc-2 adult worms into RNAI plate
and check the phenotype of the progeny.

Pre-culture in 4 96- well plate

Incubate every culture into petri
plate

Put 2pkc-2adult worms into petri plate
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7.3 Conclusion

The work presented in this chapter was aimed at identifying sigoprgenes involved in the

serotonin signal pathway pkc-2(ok328packground.

The candidates identified in the screen imply that the methodswesessful in finding
serotonin resistant mutant. Of all mutants, mutated genes are located in dmanibgll,
IV, in where we know where the precise region is. We also idehtifie best mutanex27Q

which shows strong linkage with genetic markers.

There are many ways to find a gene; here we used RNAdrsanethod because it is low cost
and much easier as the whole genom€.aflegansvas known. However, the RNAI effect on
wild type worms in the presence of exogenous serotonin was diffei@m the mutant
phenotype, which means in this case RNAI method was limited tdifiéhe mutation.
There is possibility that RNAI effect is not effective il akll types inC. elegans for
example, it is not effective in neurons. Therefore, other mapping destwuld be used,
such as sequence every gene in the mutated region. Considerirg waat expensive and

takes much more time, we are looking for better ways to map the position of sappgerss

In a word, the screen presented candidates with knowing chromosomeutatddmegions,
which suggested there are several genes are related in seragmah pathway inpkc-
2(ok328)background.
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Duchenne/Becker Muscular Dystrophy (DMD/BMD) is X-linked reoessprogressive
muscle wasting disease. The gene responsible to the diseaslemid®d decades years ago,
which named dystrophin gene. Since the discovery of dystrophin gensGi¢mgists never
stop studying the mechanism of the disease. So far, the penecier, different types of
mutation, the gene expression pattern in muscles, and dystrophin @&sbqe@teins were
studied thoroughly. Meanwhile, there are researches that focug timetlapies to ameliorate
or even cure the malady, such as gene therapy. On the otherHheredare also researches
looking for effective pharmacological treatment. Until now, howeves still know little
about the mechanism of DMD and there is no curable treatment for the disease.

Based on our observations, thkc-2 gene has effect on progressive muscle degeneration in
C. elegans That raises a questioWhat the potential role of pkc-2 gene in muscle

degeneration process irC. elegans?

Therefore, it is essential for further researches to sthdylocalization of PKC-2 irC.
elegansadult animals and screen for molecular interactor of PKCy2ihdsis analyzed the
pkc-2 gene to confirm its expression pattern, and performed yeast yiaid hscreen to
identify PKC-2 binding partner. Considering the worm lackpkg-2gene has a severe blister
phenotype in the presence of endogenous neurotransmitter serotonii, (5s1eaningful
of studying interaction of PKC-2 and serotonin pathways (Figure 8-1).
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Screen 5-HT resistant
mutant in pkc-2 (0k328)

pkc-2 gene < > Serotonin (5-HT
X
Y2H Expression
screen analysis ol
" . L—- ’.’
PKC-2 binding <-=--=imimimimicisiciciad | geation
partner

Figure 8-1: Strategy of thesis to study the role abkc-2 gene inC. elegans. We analyzed

the expression pattern pkc-2 gene and performed yeast two hybrid screen to see in what
place PKC-2 protein located, in order to reveal the function of PKGHwvas in regulating
muscle degeneration . elegansand that would help us understanding the role of serotonin
pathway which has effect on muscle degeneratio@.ielegansoo (dash arrow). We also
screen serotonin resistant mutant pkc-2 (0k328)background to study the possible
interaction between PKC-2 pathway and serotonin pathway.

1 PKC-2 expressed in neurons and pharynx, possible expressad
body-wall muscle cells

The results presented in chapter 6 clearly confirmed that PiKsG®pressed in neurons and
pharynx. However, we still question that PKC-2 expressed ONLY ironswuand pharynx in
C. elegansadult animals. AlthougMosTIC pkc-2did not show expression pkc-2in body-

wall muscles, that could due to the low copiepkif-2gene.

Islas-Trejo et al. reportedkc-2a and pkc-2b expressed in compact muscle of head in L1
larval nematode withHacZ (Islas-Trejoet al, 1997). Their results did not shopkc-2

expression in body-wall muscle cells.
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In parallel, when we used rabbit anti-GFP/goat anti rabbit dtiear mouse anti-GFP in
immunocytochemistry experiment, we got the speculative resuitd, &i construct pKG63
which containingpkc-2 cDNA isoform pkc-2b (Figure 6-2) seemed expressed in body-wall
muscles (Figure 8-2, A-C), while using mouse anti-GFP onlg-3::gfpwas detected (image
not shown). Although the control experiment wip only was also found in the same place
with myo-3::pkc-2b(Figure 8-2, D-F), there is possibility that GFP and PKC-2 ldcate¢he

same place coincidently.

myo-3::gfp D | DEB/vinculin

Figure 8-2: Sub-cellular localization ofmyo-3::pkc-2 in N2 with rabbit anti-GFP. Scale

bar=10um. (A). Transgenic animals expressimgya-3::pkc-2construct. Body-wall muscles
of animals labeled with anti-DEB-1 MH24 antibody (red dot-linesAirand C). (B).The
muscle localization of PKC-2-GFP protein (green dot-lines, the S&kal was amplified
with a rabbit anti-GFP antibody). (C). Merge images of A andhBwed PKC-2-GFP
localizes next to dense bodies. ()yo-3::gfpwas expressed in a body wall muscle cell
(white arrow). (E) DEB-1/vinculin expression in body wall musodd (red dot-line, white
arrow). (F) Merge images of a and b showregb-3::gfplocalizes next to dense bodies (white

arrow).

Second, signal of sompkc-2::gfp expression were also detected in body-wall muscles

(Figure 8-3). The construct containe#éic-2 gene withgfp inserted in commune exon 10,
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which has the strongest expression in three genomic clones. In orapaa muscles in
head, with mouse anti-GFP, we can observe PKC-2-GFP expression (Figure 8-3, D-F)

Comparing to research of Islas-Trejo et al, the exprepkee isoform in muscle cells of
head could bekc-2aand pkc-2b However, with mouse anti-GFP antibody, we could not
detect the GFP signal in body-wall muscles. Considering theghmaakd noise of antibody

rabbit anti-GFP, the results from antibody mouse anti-GFP is probably more cogvinci

There is also a possibility that PKC-2 express too low to bectka in body-wall muscles.
Detection of weak transgemeyo-3::pkc-2mRNA supported this in a way, or that could due

to instable transgene or RNA level.

On the other hand, we observed the adult animals but not larvae. Than wet cule out the

possibility thatpkc-2could express in larvae such as L1 stage worms.
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DEB-1/vinculin : PKC-2::GFP

DEB-1/vinculin PKC-2::GFP

DEB-1/vinculin PKC-2::GFP

Figure 8-3: Sub-cellular localization of PKC-2 protein in mwscle cells.

Immunofluorescence images of wild-type animals (A-1).Scale bar=10um. Body-wall

muscles and head muscles of animals labeled with anti-DEB-1 Mid28ody (red) and
rabbit anti-GFP (green). (A, B, @kc-2::gfp(Xhol) (pKG49). (C, D, E)kc-2::gfp (Acclll)
(PKG57). (F, G, Hpkc-2::gfp(EcoRl) (pKG55).

Yeast two hybrid screen identified the unknown gene Y59A8A.3, a homologuet¢brede
filamin A interacting protein 1. Filamin A is one of the cytogiteh proteins and maintains
the normal cellular function (Stossef al, 2001; Beekmaret al, 2008). More experiments
such as expression of Y59A8A.3@h elegansavould help us to confirm the location of PKC-
2.

In addition, the location of PKC-2 protein in wild-typ€. eleganswould help us

understanding its possible function in the process of muscle degeneration.
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2 The potential interaction between PKC-2 and serotonin

We have observed that knocking opkc-2 in dys-1; hlh-1 could decrease muscle
degeneration ilC. elegangTable 6-3). Since PKC-2 expressed intensely in neuron system, it
may has function in neuronal level. PKC might be involved in praogssgnal transduction
pathways that regulate the growth of muscle cells. The DAfIGaveral important receptors

of neurotransmitters could be also among these targets.

The neurotransmitter serotonin (5-HT) could ameliorate muscle ndegfeon when its
concentration augmented (Carre-Pierrat et al., 2006c¢). Itnsefbby two different enzymes
called L-tryptophan hydroxylases (TPH), TPH1 and TPH2 respectiwglich determine the
rate at which serotonin is made (Nakamura and Hasegawa, 2007). Seretpiates several
behaviors ofC. eleganssuch as egg-laying, locomotion, etc (Horvitz et al., 1982; Carre-
Pierrat et al., 2006c) by interacting with different 5-HT ptoe or transporter subtypes
coupled to various second-messenger systems. Second messeteges siygolved in this
regulation include protein kinases and phosphatases, of which protein Kiresebeen the
best characterized.

The pkc-2gene expression pattern analysis showed that some PKC-2 expressiogs are

also serotonin-containing neuronsfelegans(Figure 8-4).

NSMs: neurosecretory motor neuron, NSM Right and Left (bilaterallynsgtric), somas
located within the anterior bulb of the pharynx (part of pharyngeabunersystem) with a
bifurcating processes extending into the isthmus and posterior btitte gharynx, covered
with varicosities. These cells are among the strongest, ®lcgily staining cells using anti-

serotonin.

ADFs. amphid sensory neurons, ADF Right and Left (bilaterally syma)esomas located
ventrolaterally. Each extends a process into the nerve ring @endaite to the tip of the nose

with each amphid (sensory structure containing endings of many sensory neurons).

IH: unpaired interneuron, soma located ventral to isthmus of pharynx.
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AIMs: interneuron, AIM Right and Left (bilaterally symmetric), soni@sated near ventral

midline below posterior bulb of pharynx.

Key: & Strongly staining uspaired neuror
ol Strongly steimng bitatersity paired neurinag

G Moderetely [but raliably) staining bilsterally paired neurens

O eeakly A unreliably SCEINING UApAITED NEURING

g

AlMs pig ADFL

Figure 8-4: Comparison of serotonin cells in the head andK-2 expressing cells(A).

Hermaphrodite (same in male) anterior to the right; ventragh{sy lateral) view

(http://home.sandiego.edu/~cloer/loerlab/5htheadl.jpgB). Schematic of Serotonin-

containing (serotonin immunoreactive) cells in hermaphrodite. (C, DirBhsgenic animals
expressingpkc-2::gfp NSM (yellow arrows), ADF (green arrows), RIH (red arrowyl &IM

(purple arrows) are presented in figure.

Increasing evidences suggest that PKC is involved in serotonetigya via the regulation
of serotonin receptors (SERs) and transporters (SERTS). In niempuiscoveries suggest
that there are not only direct interaction between PKC anghtase but also identified the
interaction sites at molecular level (Lembo and Albert, 1995; Bliatsyaet al, 2002).
There are also studies suggested the indirect phosphorylation but thaoudhactin-
dependent mechanism (Set al, 2003). Activation of PKC is proposed to disorder the

dynamics of the actin filament network by removing a barrierdsicle trafficking and
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docking, thereby promoting transport of 5-ATreceptors to the cell membrane. In

invertebrate animals, not many studies reveal the interaction between PK@ &HT.

The nematodeC. elegansis particularly well suited because highly conserved synaptic
proteins identified inC. elegansoffer an opportunity to study the signaling pathway.
Furthermore, the great advantagefeleganscomparing to other organisms is that most
mutants affecting synaptic transmission are viable and canopagated by self-fertilization
(Richmond, 2005).

Mutantpkc-2 (0k328kxhibits a severe blister phenotype in presence of endogenotemser
(described in chapter 7). Then screen serotonin (5-HT) resistatanmin strainpkc-2
(ok328)would help to understand the link of PKC-2 and serotonin pathwa{s @tegans
Due to the unexpected genetic screen techniques, it is difficisibliate specific mutation but
the best candidate knowing the mutated region in chromosome. The regboohnomosome
Il (-6.2~0.12). More effective and cheaper methods need to be studokhtdyi mutation in
these emerged candidates. However, the screen presented candidhteknowing
chromosome and mutated regions, which suggested there are severahrgeraated in

serotonin signal pathway pkc-2(ok328packground.

3 Hypotheses of PKC-2 working models

Identification of a homologue of filamin A interacting protein 1, ¥B8®.3, was by far the
most represented clone in our two-hybrid screen. It resemblesrtebnage filamin A
interacting protein 1. In COS-7 cells, filamin A interactipgotein (FILIP) negatively
regulated the function of Filamin A and induce degradation of klain(Naganoet al,
2002). Filamin A is one of the cytoskeleton structural proteins,hatigz@actin filaments to
trans-membrane receptors. Filamin can also serve as sqgaftaédn for formation of signal
proteins complexes. We suggested that PKC-2 might modulate filmativity through the
filamin A interacting protein 1 in neurons, therefore has effedemondary message system
(Figure 8-5).
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Then based on the speculatpke-2expression in body wall muscle cells, we also proposed a
working model in muscle (Figure 8-6). The PKC-2 protein interalitiPFand to participate
muscle cell metabolism in serotonin pathway. In addition, it heg laken shown that in
mammalian muscle cells phosphorylation of dystrophin by PKC inteffigstive binding to
actin (Senteret al, 1995). We presumed the interaction in the model; however, no such

researches were documented previously.ielegans
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PKC-2 working model
in Neuron

motoneuron axon

actin
signal
63 molecule
synapse FilamiiaA PKC-2
FILIP
©
receptor ©
ok A4
7]

Intra cellular

Figure 8-5: Working model of PKC-2 function in neuron in reguating muscle activity in

C. elegans. Filamin A (black filament) maintains the structure of neuron mdibig actin
(grey). It has related function to filamin A interacting protdi (FILIP, red), which is a
homologue of PKC-2 (purple) interactor in two yeast hybrid, and keepsal function by
PKC-2 modulation. Signal molecule (eg. 5-HT) was transducted mapsg along with
filamin or cytoskeleton structure (brown beads with arrows) tspnepse membrane. There
are some receptors in muscle cell membrane; dystrophin (gréergcts with actin through
N-terminal while binding Dystroglycan (DG)-Sarcoglycan (SG) comgiesugh C-terminal.
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PKC-2 working model
in Muscle cell

0 O ‘oD

receptor

Intra cellular

Figure 8-6: Working model of PKC-2 function in muscle in reqglating muscle activity in

C. elegans. Filamin A (black filament) maintains the structure of masmll by binding actin
(grey). It has related function to filamin A interacting protdi (FILIP, red), which is a
homologue of PKC-2 (purple) interactor in two yeast hybrid, and keepsal function by
PKC-2 modulation. Signal molecule (eg. 5-HT) was transferedceltalong with filamin or
cytoskeleton structure (brown beads with arrows). There are smaptors in muscle cell
membrane; dystrophin (green) interacts with actin through imNib@t while binding
Dystroglycan (DG)-Sarcoglycan (SG) complex through C-termiRaésumed interactions
between PKC-2 and FILIP, DYS-1 were presented with dark bidirectional arrows

Further researches such as studying the interaction betwe@? RIKRd Y59A8A.3in vivo
and generating construct containing gene Y59A8A.3 to study the exypresd be helpful.
Based on the fact that yeast two hybrid is not very effectivending PKC-2 functional

partner, other methods such as proteomics should be considered.
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4 Detailed analyses opkc-2 gene and genetic screen

In this study, we identified a nepkc-2 cDNA isoform: pkc-2c.2by RT-PCR. Compared to
isoform pkc-2¢ the exon 1C.2 included exon 1C, intron 1C and exon 2@kof2c The
reserved intron 1C supposed tipic-2c.2was pre-mRNA. However, sequence analysis of
exon 1C.2 suggested it as a new isofornpkaf-2 because of a kozark sequence inserted in.
Besides, an ATG start codon found in exon 1C.2 in the kozark sequence etiggB31TR
existed in this isoform. Untranslated regions (UTRs) are asectf the mRNA before the
start codon and after the stop codon that are not translated, téxenfecetprime untranslated
region (5' UTR) and three prime untranslated region (3' UTR), ctgply. These regions are
transcribed with the coding region and thus are exonic as tleeprasent in the mature
MRNA. Several roles in gene expression have been attributed tntitaslated regions,
including mRNA stability, mRNA localization, and translationdicéncy. The ability of a
UTR to perform these functions depends on the sequence of the UTdaraddfer between
MRNAs.

| ) . PolyA
Coding seguence (CDS) ‘ JUTR ;
Capf UTR Start Stop tail
| o =m
5 ¥

Figure 8-7: The structure of a typical human protein coding MRNA including the

untranslated regions (UTRSs).(http://de.wikipedia.org/wiki/Untranslatierter Bereirh

The genetic screen identified the candidates implied that theothete used here was
successful to screen serotonin resistant mutant. During the mapgngsed SNP mapping,

three point mapping and RNAI screen.

In SNP mapping, DNA sequence polymorphisms between the wildyptegansstrain (N2

Bristol) and a closely related strain (CB4856 Hawaiian) wased as genetic markers.
Compared to other markers that have been used for genetic m&aplNing,have two distinct
advantages. First, unlike conventional marker mutations that cause ybdrotypes, SNPs

have no associated phenotype in general. Therefore, mutant phertbgtpase masked by

127



Discussion

conventional marker mutations, such as those with subtle behavioraisgetat be mapped
using SNPs. Second, SNPs are far denser than other markers, inblotingsible markers
and DNA polymorphisms such as Tcl insertions. Because SNPs aoxiaiely as dense
as genes, SNP mapping can provide single-gene resolution (Jakuboddkornfeld, 1999).
Taken together, these two advantages have made SNP mappinghtiigue of choice for

manyC. elegansesearchers.

When SNP markers are too closer, it is difficult to isolateatiart by RFLP analysis. In this
case, three point mapping seems better than SNP mapping. Buhasevmentioned above,
one of the mutations normally masks the other. For example, thterBlisenotype is often
masked (suppressed) dpy androl mutations; or where penetrance is an issue. Furthermore,
regional variation in recombination frequency along the chromosornile lead to
discrepancies between the actual locations and those prediatedthusse methods. RNAI
screen could help us to identify mutations in a specific knowingmeim chromosome.
However, RNAI effect is not effective in all cell types @ elegansand reduces the

probability of finding mutation.

For these unexpected conditions in the experiment, we areoskilhl for the better ways to

map the mutations.

5 Conclusions/Perspectives

In this thesis, we analyzqukc-2 gene inCaenorhabditis eleganadult animals and showed
the exact locations where PKC-2 protein expresses. We alsbergeast two hybrid screens
and identified a candidate gene Y59A8A.3 which homologue to vertebtateinf A
interacting protein 1, that suggested the possible function of PKC-E.irelegans
Furthermore, we performed a genetic screen to search serasistamt mutant in strapkc-

2 (0k328) in order to understand the link pikc-2and serotonin pathways. Taken together the
two aspects of the study, we presented the hypotheses of PKCkihgvarodels both in

neurons and in muscles.
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The work provides a starting point for the analysis of PKC-2 fonctn addition, we raised
several questions about the results and the methods which are unaepeaesent. We are
guestioned about thpkc-2 expression in body-wall muscles; the effectiveness of RNAI
experiment. To further study the function of PKC-2 in muscle degemerin C. elegans
more important researches are needed in the future. For example, where Y59ABAs3ax
in vivo and what is interaction with PKC-2? What lirsc-2and serotonin pathways? At the
moment, the analysis of Y59A8A.3 is still in process. And fortunatedéyhave obtained the
candidates from genetic screen with confirmed mutated regionsramoblome. We have
generatesnb-1::pkc-2(Figure 8-8) which was under a neuronal promstdr-1 Then plus
myo-3::pkc-2 the two kinds of construct will be injected into various genetikdracind,
such aspkc-2; dys-1; hlh-1to find out the effect opkc-2 on muscle degeneration fD.

elegans

These answers would help us to complete or correct the hypotheses.

pke-2¢.2

1 D |

imye-3 promoter

A.pPDIIS20 — —T———  GFP
Xbal

Nhel

snb-1 promoter |

B.pRM248 | —~——err ]
Xbar

Nhel

Figure 8-8: Construction of snb-1::pkc-2 (pKG69). (A). pKG63 was cut by Xbal and Nhel
and cloned into pRM248 (B), which carries a neuronal promstéripink box in the

beginning). The recombinant plasmid was hamed pKG69.
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