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Abstract

Mutations affecting the dystrophin gene and the dystrophin associated glycoprotein complex
(DGC) genes in humans cause chronic muscle wasting diseases collectively termed muscular
dystrophies (MDs), often with associated cardiomyopathy. The dystrophin gene is associated
with the allelic, X-linked diseases Duchenne and Becker muscular dystrophy (D/BMD), of which
DMD is fatal in early adulthood. The DGC is associated with the autosomal recessive limb
girdle muscular dystrophies (LGMDs) which result from mutations of the human «-, -, 8- and y-
sarcoglycan genes. Dystrophin and the DGC genes encode a sarcolemmal complex of proteins
that forms the structural linkage between the muscle cytoskeleton and extracellular matrix, which
is crucial for the maintenance of muscle integrity during normal activity. Dystrophin and the

DGC genes are evolutionarily conserved, underpinning the important role of this complex.

In terms of DMD modeling, the mouse has served as a suitable vertebrate species but the
pathophysiology of the disease in the mouse does not entirely mimic human DMD. LGMD
modeling is served by a the BIO 14.6 hamster which is a traditional model of cardiomyopathy,
and mouse sarcoglycan gene null strains. The zebrafish is an established model of vertebrate
development, and is receiving increasing attention in terms of human disease modeling. This
thesis sought to examine the potential of the zebrafish as a further comparative model for these

MDs.

In order to provide experimental support to realise this modeling potential, this thesis describes
the identification of apparent orthologues of many critical members of the DGC in the zebrafish.
An apparent zebrafish orthologue of the human dystrophin gene was identified that expresses a
400kDa protein that is localised to the myofibre membrane surface of adult zebrafish muscle.
Epitope mapping confirmed that zebrafish dystrophin retains all the conserved functional
domains reported in the human protein. Dystrophin expression in the zebrafish embryo was
observed at six hours post fertilisation (hpf), although maternal transcript was present in the
zygote. Dystrophin protein was localised at the myosepta of zebrafish embryos at 24 hours post
fertilisation (hpf).

Apparent zebrafish orthologues of human B-dystroglycan and f-, 8-, €-, y- and C-sarcoglycan

were also identified, and in the case of B-dystroglycan and -, and y-sarcoglycan were shown to



express proteins localised to the myofibre membrane surface in adult zebrafish. Like dystrophin,
zebrafish PB-dystroglycan and [B-sarcoglycan genes express proteins which localised to the
myosepta of 24 hpf zebrafish embryos. Co-localisation of dystrophin with B-dystroglycan and F-

actin confirmed that the zebrafish carries an intact DGC.

The DGC in the zebrafish retina was also studied to provide a basis for understanding the
diversity of DGC expression and function in respect of the pathology of the human diseases
modelled. A DGC which incorporates zebrafish utrophin or dystrophin with dystroglycan, was
localised to the glial cell layer (GCL) and outer plexiform layer (OPL) of the adult zebrafish
retina. During zebrafish retinal development, dystrophin and dystroglycan were first localised in

the GCL at 48 hpf and the OPL at 72 hpf.

In terms of targeting gene expression to achieve disease modeling outcomes, two strategies were
used targeting the carboxyl-terminus of zebrafish dystrophin transcript. Peptide nucleic acid
(PNA) masking of the splice donor site of zebrafish dystrophin exon 71 resulted in mis-splicing
of the transcript which conserved the reading frame of the transcript. Gene silencing by short
interfering RNAs targeted against exon 53 and exon 68 of zebrafish dystrophin caused temporary
loss of dystrophin transcript, and delayed dystrophin and p-sarcoglycan localisation at the

myosepta of affected embryos.
Together, these data suggest that dystrophin and the DGC in zebrafish may play a highly

conserved functional role in muscle architecture that, when disrupted, could offer insight into

human neuromuscular disease processes.

Key words: disease modeling, dystroglycan, dystrophin, dystrophin-associated glycoprotein

complex, sarcoglycans, muscular dystrophy, peptide nucleic acids, RNA interference, zebrafish
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List of abbreviations

The most frequently used abbreviations in this work include:

2MeAO

CMD
DGC
DMD
DMSO
DNA
dNTP
dpf
DRP1
DRP2
DTT
E. coli
EST
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GCL
GZ
hpf
IgG
ILM
INL
IPL

2’-O-Methyl-antisense oligonucleotides
adeno associated virus

ampicillin

anterior-posterior (axis)

adenosine triphosphate

base pairs

Becker muscular dystrophy

bovine serum albumin

calcium ion

creatine kinase

congenital muscular dystrophy
dystrophin associated glycoprotein complex
Duchenne muscular dystrophy
dimethyl sulphoxide

deoxyribose nucleic acid
deoxynucleoside triphosphates

days post fertilisation
dystrophin-related protein 1 (utrophin)
dystrophin-related protein 2
dithiothreitol

Escherichia coli

expressed sequence tag

embryonic fissure

gram

glial cell layer

germinal zone

hours post fertilisation
immunoglobulin G (also Gy, Gy, etc)
inner limiting membrane

inner nuclear layer

inner plexiform layer
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kb

LGMD

MD
mg

ml
mM
NEWI

kilobases

litres

limb girdle muscular dystrophy
molar

muscular dystrophy
milligram

millilitre

millimolar

North East Wales Institute
nanogram

nanolitre

optic fibre layer
oligonucleotide

outer nuclear layer

outer plexiform layer

ployacrylamide gel electrophoresis

pigmented epithelium
phosphate buffered saline
polymerase chain reaction
polyethylene glycol
potential hydrogen
peptide nucleic acid
quantitative PCR

ribose nucleic acid
revolutions per minute
reverse transcription PCR
short interfering RNA
sodium dodecyl sulphate
o-sarcoglycan
B-sarcoglycan
d-sarcoglycan
g-sarcoglycan
y-sarcoglycan

C-sarcoglycan
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TAE
TBE
Tween 20
Tet

U

Hg

nL

pum

uM

viv

w/v

Tris-acetate-EDTA

Tris-borate-EDTA

polyoxyethylene sorbitan monolaureate
tetracycline

units

microgram

microlitre

micrometre (micron)

micromolar

volume by volume

weight by volume
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