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ABSTRACT

The development of an effective therapy for Duchenne Muscular Dystrophy
(DMD) is one of the primary goals of all DMD/Becker Muscular Dystrophy (BMD)
research. Golden Retriever Muscular Dystrophy (GRMD), an animal model of
DMD is a fatal degenerative myopathy. Unlike the mdx model, the GRMD dog
more accuralely reflects the phenotype shown by human DML patients, making
the model better suited for the investigation and assessment of potential
therapeutic approaches. The GRMD mutation, a base change from A to G in the
3' splice acceptor site of intron 6, results in exon 7 skipping which disrupts the
translational reading frame. As a result, affected dogs have drastically reduced

levels of dystrophin and its mMBNA transcript.

Recently, genetic therapy with antisense oligonucleotides (AOs) has attracted
special interest as a novel therapeutic approach for DMD. AOs may be introduced
into myotubes to redirect the splicing of GRMD dystrophin pre-mRNA to restore
the reading frame. {deally, this would increase the quantity of functional dystrophin

in affected DMD tissues to levels of therapeutic value.

The objective of this project was to identify infronic sequences from the canine
dystrophin gene in the region of the mutation to allow the design AOs to be tnaled
as a therapy for GRMD. Intronic sequences that needed to be identified for the
design of AOs were at the boundarieg of intron 5/ exon 6, exon 6/ intron 7, exon 8/
intron 8 and intron 8/ exon 9. It was hoped that the application of the appropriate
AOs would induce the processing/splicing of the dystrophin gene tc exciude
exons 6 and 8 (exon 7 is omitted due to the GRMD mutation) to restore the

reading frame.

To determine these intronic sequences, several intronic sequencing strategies were

attempted. These included long range PCR amplification, inverse PCR, PCR



screening of a piagemid GR library, construction of a GR cosmid library for

hybridization screening and PCR screening of a phage canine genomic library.

This project determined the intronic boundaries of exon6/intron 6, intron 7/exon 8,
exon 8fintron 8 and intron 8/exon9. Successful methods that identified intronic
sequences included long-range PCR amplification and the PCR screening of both
the phagemid and phage genomic DNA [ibraries. As it eventualed, this thesis also
reported the first attempt at AO-induced GR dystrophin exon skipping in a GR

primary myoblast tissue culture.
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CHAPTER 1.0 INTRODUCTION

1.1 Duchenne and Becker Muscular Dystrophy

The identification of the human dystrophin gene (Koenig et al, 1987) and its gene
product, dystrophin (Hoffman et al., 1987} was a gant leap in our understanding of

Duchenne muscular dystrophy (DMD) and Becker muscular dystrophy (BMD).

DMD is the most common human X-linked recessive muscular disease, with a world
wide incidence of 1 in 3500 live male births {Anderson & Kunkel, 1992). DMD is
characterised by progressive muscle wasting and weakness of the skeletal muscles.
Affected boys clinically present between the ages of 3 to 5 years with muscle
weakness and experiencing difficulty in nsing from the floor. This is followed by
wheelchair confinement by or before 12 years of age. Death occurs from respiratory

or cardiac failure in the early to late 20s (Kakulas, 1997; Matsuo, 1936).

BMD is a milder allelic version of DMD {Becker & Keiner, 1955; Monaco et al., 1988).
Although clinically similar to DMD in distribution of proximal limb weakness, BMD's
onset and progression is variable and generally less severe (Anderson & Kunkel,
1992). Some 2RMD patients require a wheelchair from 16 years of age, other BMD
patients remain ambulatory into their third or fourth decade and may live full and
minimally restricted lives. One BMD patient with a deletion of exons 3 to 10 was not

diagnosed until the age of 62 years (Anderson & Kunkel, 1992; Malhotra et al., 1988).

1.2  The Dystrophin Gene and Protein

The dystrophin gene is comprised of 79 exons separated by introns of up to 200 kb

spread over approximately 2.5 megabases (Mb) and encodes the major muscle



specific isoform, a 14-kb mRNA which is translaied into a dystrophin protein, cansisting
of 3,685 amino acids (427 kDa) (Anderson & Kunkel, 1992; Roberts et al., 13993).
Immunocytochemistry studies revealed that dystrophin is a large cytoskeletal protein
expressed predominantly in skeletal muscle, where it is located just beneath the

sarcolemma (Koenig et al., 1988; Watkins et al., 1988; Zubrzycka-Gaarn et al., 1988).

Immunoblotting with domain specific antibodies, suggests that dystrophin is divided
into four distinct structural domains (Ahn & Kunkel, 1993). These are: the actin binding
domain (amino N terminus); the intemal region of dystrophin consisting of 24
homologous repeats, which, by analogy to B-spectrin, form a rod region; a cysteine
rich domain and a carboxy! (C)-terminal domain. The C-terminus is the only region
which does not show sequence similarity to other proteins, suggesting that it has
dystrophin-specific function (Koenig et al, 1988). The C-erminus is believed to
mediate the anchoring of dystrophin to the sarcolemma via a dystrophin-associated
complex of proteins and giycoproteins (Campbell & Kahl, 1989; Carpenter et al.,
1990). )

While the specific function of dystrophin is yet to be elucidated, Samitt and Bonilla
(1990} postulate that dystrophin is involved in the connection between the
extracellular matrix and the cytoskeleton, which provides strength and flexibility to
muscle fibres during contraction and relaxation. Other roles have been postulated,
including: an involvement in excitation and contraction coupling (Harris et al., 1992); and
regulation of Ca ** movement (Tumer et al., 1988; Hanis et al., 1992). In addition,
dystrophin has recently been shown to anchor the free radical enzyme, nNOS
(neuronal nitric oxide synthase). Loss of nNOS localisation in DMD is believed to tead

to necrosis and free radicai injury (Disatnik et al., 1998).



oo

Western blot analysis of muscle biopsies from patients with DMD indicated tha

dystrophin was generally either absent or present in undetectable quantities.

Dystrophin of altered size and/or abundance was detected in BMD muscle (Hoffman
et al, 1987, 1988; Beggs et al, 1991).

Thus, the presence of partially functional
and/or reduced levels of dystrophin was sufficient to ameliorate the DMD phenotype

leading to the milder presentation seen in BMD (Beggs et al, 1991).

1999).

It may,
therefore, be possible to reduce the severity of DMD to that of BMD, if DMD patients
can be induced to produce some functional Becker-like dystrophin (Wilton et al,

DMD and BMD have been shown {o be caused by mutations in the dystrophin gene

located at Xp21.2 (Hoffman et al., 1987). Approximately 65% of DMD and BMD

patients have readily detectable intragenic deletions of one or more exons from the
dystrophin gene {(Koenig et al, 1987; Forrest et al,, 1988), while approximately 6%
have duplications of single or multiple exons (Monaco et al,, 1987; Hu et al,, 1990;
Galvagni, et al., 1994). The remaining cases are minor or subtle DNA changes,
typically nonsense or splice-site mutations (Hoffman & Kunkel, 1989; Den Dunnen,
1987). The majority of the deletions are not randomly distributed throughout the gene
but clustered in hot spots where the introns are particulardy large, and including
neighbouring exons. For example, in the large intron 7 and in the extremely large

intron between exons 44 and 45 (see review Kakulus, 1997, Nobile et al., 1997).

1.3 Dystrophin Mutations and Disease Severity

From early analysis of these partial deletions, it was observed that the size or location

of the gene mutation did not appear to correlate with the clinical severity of the patient's
disease (e.g. DMD versus BMD). To explain these observations at the molecular
ff’

level, Monaco et al. (1988) proposed the reading frame hypothesis.

This



hypothesised that the severity of the disease was directly correlated with the effect of
the genetic lesions on the open reading frame (ORF) in the dystrophin mRNA

transcript.

It was proposed that intragenic deletions harboured by severe DMD patients would
bring exons together that, when spliced, resulted in a reading frame shift in the mRNA
and premature termination of translation. The stop codon generated by the frameshift
would lead to the production of truncated dystrophin molecules downstream of the
mutation and would lack a carboxyl temmirius. This protein is presumed to be non-

functional and rapidly degraded.

Conversely, deletions or duplications that brought together exons that maintained the
reading frame, resuited in the less severe BMD phenotype. It was presumed that the

synthesis of shorter or farger molecular weight protein molecules were semi-functional.

Subsequent analysis of lymphocytes from many hundreds of DMD and BMD
patients has prdved that Monaco's "frame shift theory" was corect in over 90% of the
cases studied. This is now accepted as the explanation for the lack of dystrophin n
most DMD patients (Koenig et al., 1989; Den Dunnen et al,, 1989). There are some
exceptions to the frame shift rule involving patients with a frame shift deletion of exons
3-7 who produce low levels of dystrophin resulting in variable phenotypes, DMD,
BMD or intermediate (Malhotra et al., 1988; Koenig et al., 1989; Chelly et al,, 1990;
Gangopadhyay et al., 1992; Winnard et al., 1993).

Arahata et al. (1991) used a new monoclonal antibody directed specifically against the
C-terminal portion of the dystrophin molecule and confirmed that all BMD patients
have dystrophin gene products which include the C-terminal domain. In contrast, the

C-terminal was absent in most patients with DMD. This study not only substantiated



the validity of the reading frame hypothesis at the protein level but also emphasized
the critical importance of the C-terminal domain. The resulting loss of only the C-
teminus is sufficient to destabilize the entire dystrophin protein and prevent proper
subcellular localization and function. However, a severe DMD patient with an intact C-
teminus was identified by Prior et al. (1993). This patient was shown to have a
missense mutation in exon 3 which substituted arginine for Leucine at position 54 in the
actin binding domain. This missense mutation did not disrupt the reading frame but
resulted in decreased production of correctly localised dystrophin protein to
approximately 20% of normal levels of dystrophin. Thus, this study showed that the
actin binding domain and the C-terminus are necessary for protein stability and

essential for proper dystrophin function.
1.4  Animal Models of DMD

Animal models have contributed significantly to the investigation and understanding of
a number of biological and pathological processes. They enable both basic research
and clinical trials to be undertaken (Cooper, 1989). For ethical reasons, therapeutic
trals cannot be performed on humans until a careful assessment of each therapy in a
suitable animal model has been conducted (Kornegay, 1992). The potential
advantages of animal models for Duchenne-type muscular dystrophy has lead to the
investigation of several models {Cooper, 1989). Defects in the dystrophin gene
resulting in animal DMD homologues have been reported in the mouse (Bullfield et al.,

1984}, dog (Cooper et al., 1988c¢) and cat (Carpenter et al., 1990).

Of the three animal species in which Duchenne-type muscular dystrophy has been
identified, only the mdx mouse and the GR dog are available for study {Valentine et
al., 1992). Despite offering convenience and economy, the mdx mouse model

shows little clinical disease, attaining a nomal lifespan (Cooper, 1993). Recently,



Partridge et al. (personal communication) found that stress and exercise exacerbated
the problem leading to cardiomyopathy. This phenomenon has not been reported n
humans. Unlike the mdx model, the GRMD dog more accurately reflects the
phenotype shown by the human DMD patients, making the model better suited for
the investigation and assessment of potential therapeutic approaches. In practical
terms, the GR dog best serves as an intermediary between basic research on the

mdx mouse and the eventual application to human subjects (Partridge, 1991b).

1.5 GRMD as an Animal Model for DMD

A spontaneous GR degenerative myopathy, with ciinical and pathologic characteristics
bearing close resemblance to DMD, was recognised by a number of investigators
(Meier, 1958; de Lanhunta, 1977; Cardinet, 1979; Valentine et al, 1986, Komegay,
1988).

A similar myopathy had been recorded in many dog breeds including Irish Termiers
(Wentink et al., 1972), Samoyeds (Presthus & Nordostoga, 1989), Rottweilers and
Dalmatians (Cooper, 1993), Belgian Shepherds (Van Ham et al,, 1995) and German
short haired pointer (Schatzberg et al,, 1999). However, the DMD-like syndrome
occuning in the GR is similar to that in man and it is also the most fully characterised

(Kornegay, 1992; Cooper, 1933).

Colonies of GRMD dogs have been successfully established in North America using
one of the dogs originally studied by Kornegay (1988). Additional colonies have

been established in France and in Perth, Westem Australia.

Apart from a severe neonatal form where death results in the first few days of life,

overt dinical signs of GRMD first become apparent at approximately 6 to 8 weeks.



Before 8 weeks, some affected pups can be tentatively identified from poor weight
gain, sucking problems and a tendency to be lethargic (Cooper, 1989; Howell et al,

1997},

Clinical signs include gross muscle weakness, an abnormal stiff-imbed, short strided,
shuffling gait (with characteristic bunny hopping of the hind limbs) and limited jaw
opening leading to difficulty in eating (Cooper, 1989; Nonaka, 1998). Serum levels of
creatine kinase (CK) are consistently and often dramatically elevated in affected dogs
(up to 300 times nomal). This can be used to identify affected pups within the first
few days of life (Cooper, 1992; Cooper, 1993; Valentine e* al, 1992). However
normal pups can have elevated levels of CK from stress of birth. In advanced stages
there is a gradual decrease in serum CK level but it is always sustained above nomal

levels (Valentine, et al.,, 1992).

Clinically, the disease onset is eadier and progresses more rapidly in the GR dogs
than in man. Again, in contrast to DMD, this rapid early decline is followed by a phase
of relative clinical stability, at about 6 months of age, before succumbing to cardiac and
respiratory failure months, or years, after bith. Some dogs may survive up to 6 to 7

years (Howell et al., 1997; Nonaka, 1998).

Histological examination shows the disease to be characterised first by the presence
of numerous hypercontracted muscle fibres and then progresses to prominent fibre
necrosis with infiltration and phagocytosis by macrophages. Concurrent degeneration
with mineralisation and regeneration leads to eventual endomysial and perimysial
fibrosis with fatty infitration and cardiomyopathy (Partridge, 1991a; Kornegay et al.,
1990; Valentine et af., 1990).



Despite the same descendance from a single affected GR male, considerable
phenotypic variation in the severity of clinical signs and disease progression in affected
dogs is evident. This suggests that factors other than mutations in the dystrophin gene
may piay a role in the manifestation of clinical disease. It is important therefore that
research is conducted to elucidate these “factors" which may be relevant to an
understanding of the clinical heterogeneity reported in human DMD (Valentine et al.,

1388, Cooper et al., 1988a).

As all affected dogs were males bom to clinically normal parents, it was proposed that
GR disease was X-linked (Cooper et al., 1988b). To address this question, breeding
trials were conducted in which an affected male GR was mated to unrelated GR female
dogs. Putative carrier females from the F1 generation were retained and bred back to
the onginal sire. To test the supposed X-linked pattem of inhentance, two proven
camier bitches were bred to unrelated nomal male dogs, a beagle and a GR. From
these breedings, three out of seven males were affected, while all nine females were
normal. The pattem was consistent with the inheritance of muscular dystrophy as a fully
penetrant X-linked recessive trait (Cooper, 1989). Recent breeding trals by

Valentine et al. (1992) also obtained results consistent with an X-linked inheritance.

Previously, Selden et al. (1975) established that the normal canine X-chromosome
had a size, centromeric location and G-banding pattem that were virtually identical to
those of the normal X-chromosome in humans. The cytogenetic studies conducted by
Cooper et al. (1988b), analysed the Giemsa-banded (G-banded) karyotypes from
affected and non-affected dogs and found no obvious chromosomal abnormalities, the

X-chromosome, in particular, being normal.



1.6 GRMD Molecular Genetics

Given that genetic information encoded on the X-chromosome is highly conserved n
mammalian species, Ohno {1973) and Cooper et al. (1988c), investigated the
possibility that the dystrophin gene might also be detfective on the X-chromosome of

affected dogs.

Southem blots of genomic DNA from affected dogs were probed with human DMD
cDNA in order to detect a deletion in the canine homologue at the Duchenne locus.
While no evidence of deletion or other defects in the coding portion of the Duchenne
locus was found, informative restriction fragment length polymorphisms (RFLPs) were
identified. Preliminary linkage analysis using these RFLPs revealed that the mutation
responsible for the canine disease was located on the GR X-chromosome in a region
homologous to the region of the human X-chromosome canying the human DMD

locus (Cooper et al., 1988¢).

Northern biots of RNA prepared from canine skeletal muscle and hybridised with the
same DMD cDNA probes revealed a 13.6 kb transcript in normal dogs similar to that
found in human (14 kb) and mouse muscle (12.5 kb). In contrast, affected dogs lacked
this mRNA transcript and GRMD appeared to be a animal homologue of DMD
{Cooper et al., 1988c).

To establish whether dystrophin was absent in affected dogs, Western blots of
skeletal muscle from nommal and dystrophin dogs were camied out. Antibodies to
dystrophin detected a dystrophin band (400 kDa) from normal dogs, indistinguishable
from dystrophin present in human and mouse muscle. No dystrophin was detected in

muscle from the affected dogs (Cooper et al., 1988c).



These results were supported by immunohistochemical studies which confirmed that
the nomal sarcolemmal ctaining pattern was absent in both skeletal (Cooper et al.,

1990} and cardiac muscle (Valentine et al., 1989).

However, a later study conducted by Valentine et al. (1992) used a highly sensitive,
chemilluminscent technique to probe Western blots and detected a very faint
dystrophin band that corresponded to the dystrophin band in normal dogs. Whiie the
origin of this dystrophin is not clear, it was proposed that these very low levels of
dystrophin may be the result of revertant fibres which have also been observed n

DMD and mdx mouse muscle {Hoffman et al., 1890).

Sharp et al. (1992) conducted molecular studies that analysed the canine dystrophin
gene in nommal and affected dogs. Exon 1 (forward) and exon 11 (reverse) primers
detected a dystrophin transcript truncated by 120 nucleotides when cDINA from
affected dogs was used as a target for PCR amplification. As this exon was present
at the genomic level, it was assumed that there was a splice site mutation inducing the
skipping of this exon. This mRNA processing enor was subsequently shown to be
the result of a point mutation, a base change from A to G in the 3' splice acceptor site
of intron 6. The seventh exon is then skipped which disrupts the reading frame and
leads to the premature temmination of dystrophin translation within exon 8 in affected

dogs. This is shown in Figure 1.1.
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Figure 1.1:
and GRMD dogs during Splicing with the 3' Splice Site Mutation of Intron 6

Intron 8 Intron 7
Normal Exon 6 Exon 7 Exon 8

Intron  Intron 7

cl Permature termination of
Spiicing dystrophin transiation
Normal gtttcag G CCA GAC
GRMD gtttcf[glg G CCA GAC
-— > -
Intron 6 Exon 7

shown in the pink box.

1.7 Theraples for DMD

The development of an effective therapy for DMD is one of the primary goals of all
DMD/BMD research. Following the discovery of the central importance of the mutated
dystrophin gene to DMD, myoblast transplantation, gene therapy and genetic
therapies were pursued. The objective of all of these therapeutic approaches was to

11
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increase the quantity of functional dystrophin in affected DMD tissues to levels of

therapeutic value (Anderson & Kunkel, 1992).

1.7.1 Myoblast Transplantation

During growth and development, multinucleated skeletal muscle fibres are formed by
the fusion of mononucleated precursor cells (mpc) (See review Morgan, 1934).
Experiments with mice revealed that implanted mpc can fuse with growing or
regenerating muscle fibres to form mosaic fibres in which myonuciei of both host and
donor origin share a common cytoplasm (Watt et al., 1982, 1984). Mpcs have been
isolated from muscle, enriched, expanded in numbers and genetically engineered with
retroviruses in vitro before being injected into muscle (Blau & Springer, 1995).
Recently Gussoni et al. {(1999) have demonstated the partial restoration of dystrophin
expression in DMD muscle by the intravenous injection of either normal
haematopoietic stem cells or a novel population of muscle-derived stem cells into

irradiated animais.

The results from these preliminary studies indicate that the transplantation of normal
mpc (with normal genetic constitution) could become incorporated into the myopathic
muscle fibres where they would grow and repair the muscle. Therefore, the gene
products derived from the nomal donor myonuclei would compensate for products
which are deficient or abnormal within the myopathic host muscle fibre (Morgan & Watt,

1993).

Despite some considerable success in the mdx mouse, similar experiments on DMD
patients have been disappointing (Morgan, 1994, Karpati et al., 1993). While the
cinical trials with DMD palients have reported no adverse effects from cell injections,

patients failed to show any significant improvement in muscle strength. The estimated
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number of surviving donor celis able to express dystrophin was very low {~1%)

despite the delivery of millions of donor myoblasts {Gussoni et al., 1997).

In addition, mpc implantation in humans have been shown to remain relatively localised
at the site of injection with only limited migration to damaged sites. As a result, the
large number of injections of myoblasts necessary to treat all of the affected muscle
reduces the likelihood that this method of treatment for DMD will succeed in the near

future (Blau & Springer, 1995).

1.7.2 Gene Therapy

The object of gene therapy involves reconstituting a biological function by introducing a
gene into somatic cells, which are genetically deficient in that gene product (Dickson &
Dunckley, 1993). The large size of the dystrophin gene makes it impossible to
transfer tt in its entirety to dystrophin deficient somatic cells. Instead, the main aim of
DMD gene therapy has been to supply dystrophin ¢cDNAs, in particular the muscle
specific isoform consisting of a partial or ful length cDNA driven by an appropriate

promotor (Matsuo, 1996).

While somatic gene therapy has been recognised as a possibie approach leading to
effective therapy for DMD, it has only been in the last few years that rapid scientific
advances have been made with the development of novel plasmid and viral vectors

(Marshall & Leiden, 1998).

As skeletal myofibres have a relatively fong half-life in vivo, they provide a stable
platform in which to express recombinant genes (Marshall & Leiden, 1998). Several
gene transfer approaches have been tried to transduce skeletal myocytes in vivo.

These approaches include intramuscular injection (IM) with a variety of vectors including

13



naked plasmid DNA, liposome complexed DNA, adenoviruses and adeno-

associated viruses (Morgan, 1994; Marshali & Leiden, 1998).

Dystrophin ¢cDNA has been introduced into skeletal muscle fibres of dystrophin
deficient mice {mdx) through direct injection in plasmid expression vectors (Wolff et al,,
1990) and by replication-defective recombinant adenovirus vectors (Advs) (Karpati &
Acsadi, 1993). The introduced genes appear to protect transduced muscle fibres
from necrosis. By direct injection of dystrophin cDNA as plasmids, expression has
only been achieved in about 1-2% of the adult mdx muscle fibres adjacent to the sile
of injection (Wolf et al, 1990). Greater efficiency has been reported for recombinant

adenovirus injection into young mdx muscle (Karpati & Acsadi, 1993).

Although DMD gene therapy by the introduction of dystrophin constructs via retroviral
or adenoviral vectors has been shown to be possible in the mdx mouse (Morgan,
1994}, there is an urgent need for the use of the GRMD dog in gene therapy trails.
The GRMD dog muscle bulk reflects the proportions and distributions seen in humans
much more so than the tiny muscles of the mdx mouse. It is obviously a more
relevant animai model in which to trial potential DMD therapies before their use in

humans (Dickson & Dunckley, 1993).

Howeli et al. (1998a) have recently demonstrated human dystrophin expression in
dog muscle following the direct injection of a plasmid containing a dystrophin mini-
gene. In a further study Howell et al. (1998b) administered modified adenoviruses
which camied the dystrophin mini-gene. This was rapidly followed by expression of
human dystrophin in over 50% of the fibres. This was a much greater degree of
expression than had been previously obtained with plasmids. Immunosuppression,
premitted dystrophin expression has been maintained for periods up to 60 days in

madx mice and GRMD dogs (Howell, personal communication, 1999).
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Host immune responses to foreign cells or to adenoviral vectors have been reported
(Gussoni et al., 1997). The problem of immune rejection poses serious limitations to
the success of skeletal muscle based gene therapy. Strategies to minimise potential
pathological consequences, particularly i continual re-injection of the vector is
necessary, need to be developed in animal models. Trals should be conducted n
both immunocompetent and immunocompromised hosts (Morgan, 1994, Marshall &

Leiden, 1998).

The first human trials of muscle-directed gene therapy are planed in the near future.
The timing of these trals depends on the Food and Drug Administration (FDA)
response to Muscular Diseases Association (MDA} proposals to sponsor these trals
(Wahl, 1998). li must be emphasised, however, that even if successful therapy were
to be accomplished in skeletal muscle, the treatment of heart and brain for
cardiomyopathy and borderline mental retardation still remains an outstanding problem

(Karpati & Acasdi, 1993).

1.7.3 Genetic Therapy

As the injection of dystrophin minigenes into muscle is approaching human trals,
alternative genetic therapy strategies for DMD treatment are under development.
These aim to retard progression of the dlinical symptoms by converting DMD
phenotypes to BMD phenotypes (Matsuo, 1996). Recently, revertant fibres (Wilton
et al,, 1997a,b) and the antisense oligonucieotide (AQ) alteration of splicing patterns
have been investigated (Dominski & Kole, 1993; Dunkley et al., 1995; Wilton et al,,
1999).
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1.7.3.1 Revertant Fibres

Despite the absence of dystrophin as detected initially by Western blot analysis,
subsequent immunohistochemical detection with anti-dystrophin antibodies revealed
the presence of dystrophin-positive fibres and clusters in approximately 50% of
DMD patients (Nicholzon et al., 1989). These findings were also confirmed in mdx
mice (Miike et al., 1989; Miyatake et al, 1989, 1991; Hoffman et al, 1990).
Dystrophin-positive fibres and in-frame transcripts have also been detected in the
GRMD muscle tissue indicating that this particular "reversion” phenomena might be

widespread across several species (Valentine et al., 1992; Wilton et al , 1997b).

Dystrophin-positive fibres in DMD patients, GRMD dogs and mdx mice are termed
“revertants" or “revertant fibres" and appear to result from a rare but natural
phenomena. Reverant fibres represent less than 10% of the tolal muscle fibre
population (Sheratt et al., 1993). Dystrophin-positive fibres have been shown to
express true dystrophin and do not cross react with other related peptides {Hoffman
et al., 1990). Utrophin or dystrophin related protein (DRP) (397 kDa), shares similarity
to the protein domains of dystrophin and therefore can react with some anti-dystrophin

antibodies (Pearce, 1993).

While precise aetiology of the revertant fibre dystrophin has yet to be determined
(Klein et al., 1992; Uchino et al., 1995), postulated mechanisms for dystrophin-
positive fibres include: (i) nomal, developmentally regulated altemative splicing (ii)
low-level illegitimate splicing (iii) somatic reversions {iv) somatic suppression and (v)

somatic mosaicism (Hoffman et al., 1990, Klein et al., 1992).

Evidence has accumulated indicating that the first two mechanisms are unlikely

(Hoffman et al., 1990). There is now growing support for dystrophin positive fibres as
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true genetic revertants generated from a somatic reversion-mutation mechanism in the
dystrophin gene. The primary disease causing mutation (nonsense/frameshift)
appears to be bypassed by a second site in-frame mutation which restores the
translational reading frame. This provides a template for functionat Becker-like proteins

(Hoffman et al., 1990; Klein et al., 1992; Zhao et al., 1983).

Mdx mouse dystrophin-positive fibres increase in frequency with age and X-irradiation
treatment {Hoffman et al,, 1990). This may suggest that these fibres persist longer
because they have a selective advantage over dystrophin-negative fibres (Uchino et

al., 1995; Wilton et al., 1997b}.

Evidence by Fanin et al. (1995) have revealed no correlation between dystrophin-
positive fibres and the ciinical severity of DMD, suggesting that these dystrophin-
positive fibres are unable to improve the dinical phenotype of DMD, primarily due to
their low abundance. However Nicholoson et al. {1993) has found some comelation
between low levels of dystrophin and delayed restriction to wheelchair for some DMD

patients.

Characterisation of dystrophin-positive fibres, as raised the possibility of “genefic
therapy" for DMD. The dystrophin-positive fibres could be exploited by increasing

their numbers to biologically significant levels in DMD patients (Wilton et al., 1997a).

1.7.3.2 Antisense Oligonucleotide (AQ) Technology

Over the past few years antisense oligonuclectides (AOs) have attracted special
interest as a novel class of therapeutic agents for treatment of genetic disorders,
emerging as a powerful tool in genetic therapy with a large and growing number of

applications (Temsamani & Guinot, 1997; Lavrosky et al., 1997). AOs are short single
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stranded molecules of RNA or typically DNA that hybridize target DNA or RNA
molecules in a sequence specific manner (Dunckley et al, 1995). AOs have
previously been used to down-regulate gene expression, and has been achieved by
blocking transiation (Agrawal, 1992) or by targeting an mRNA for RNaseH
degradation {Ghosh & Cohen, 1992). AOs have also been used to target specific
regions of DNA to inhibit transcription by RNA polymerase Il {Maher et al,, 1991;
Hanvey et al., 1992) and used to alter RNA processing (Dominski & Kole, 1993).

Dominski and Kole (1993) conducted an experiment which used AOs to manipulate
splice site selection in human B-globin thalassemic pre-mRNA. in 3110 thalassemia,
an A to G mutation at nucleotide 110 in the first intron of the human f-globin gene
creates an additional aberrant 3' splice site. In spite of the presence of a nommai splice
site, the aberrant splice site is preferentially used by the splicing machinery resulting n
an incomrectly spliced mRNA that contains 18 nucleotides of intronic sequence. A 14
mer antisense 2-O-methylribonucleotide was designed to bind to the aberrant splice
site in intron 1 of the pre-mRNA. This type of modified AO was selected as the 2'-O-
methylation (in which the non-binding oxygen atom is replaced by a methyl group)
renders the molecule resistant to nucleases. Thus stable hybrids are formed and are
not degraded by RNase H which would destroy the hetero duplex and prevent This
AOQ effectively reversed the éberranl splice site and restored correct splicing in vitro.
The results of Domonski and Kole {1993) raised the possibility of a new therapeutic

approach for DMD if normal splice sites could be blocked.

Dunckley et al. (1995) has shown that AOs can be used to manipulate splice site
selection in mdx mouse dystrophin pre-mRNA. The mdx mouse caries a nonsense
mutation at position 3185 in exon 23 of the dystrophin gene. This mutation inactivates
the dystrophin gene of the mdx mouse resulting in termination of translation within

exon 23. A 2'-O-methyl oligonuclectides complementary to the 3' splice site of
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dystrophin intron 22 was delivered o the nuclei of primary mdx myoblast cultures,
Direct sequencing of RT-PCR products from these cells revealed the removal of
exons 22 to 30, thus skipping the mutant exon 23 and creating a novel in-frame

dystrophin transcript.

In a parallel study by Wilton et al. (1999) mdx myoblast cultures were incubated with
an antisense oligonuclectide directed to the 3' and 5' splice site of intron 22 and intron
23 respectively in the mdx pre-mBNA. The 5' AO appeared to efficiently displace
factors nomally involved in the removal of intron 23 so that exon 23 was also
removed during the splicing of the dystrophin pre-mRNA. The identity of the shorter
transcript, was confimed by direct sequencing as an inframe dystrophin transcript

skipping exon 23, that is exon 22 joined to exon 24. This is shown in Figure 1.2.
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Figure1.2: Diagrammatic Overview of Induced Exon Skipping, by the
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Redirected splicing of pre-mRNA induced by AQOs has the potential to minimise the
consequences of the gene mutation that causes DMD by restoring the reading frame.
Although this new approach is uniikely to herald a complete cure, it could significantly
reduce the severity of this devastating disease. Of particular importance is that ail

Truncated inframe
product

tissue specific isoforms would be expressed under endogenous control
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1.8 Objectives of the Project

This project aims to provide the basic research necessary for the evaluation of AO
technology as a method of reducing the severity of DMD in another model of this
disease. The project focuses on the GRMD model of muscular dystrophy. The
mutation that causes this disease falls in a region that is a known “hot spot” for DMD

deletions and therefore is very significant to human genetic therapy.

The objective of this project is to identify intronic sequences from the canine dystrophin
gene in the region of the mutation to allow the design of antisense oligonucleotides to

be trialled as a therapy for GRMD.

Intronic sequences that need to be identified for the design of AOs are at the
boundaries of intron 5/ exon 6, exon 6/ intron 7, exon 8/ intron 8 and intron 8/ exon 9.
Once charactenzed, the appropriate AOs will be applied to induce the
processing/splicing of the dystrophin gene to “cut out” exons 6, 8 and 9 (exon 7 is
omitted due to the GRMD mutation). This is the minimum change required to restore
the reading frame. Ideally, the dystrophin molecule transtated from this nove! in-frame
dystrophin transcript will be functional (Figure 1.3). At present, it is not certain whether
these exons to be skipped encode significant amino acids necessary for the function
of dystrophin. However human BMD patients missing exons 2-11, 2-8 and 3-16
(Bushby et al, 1993} have mild to moderate phenotypes, suggesting that the
dystrophin produced by the skipping of exons 6 to 8 will be at least partially functional

in Golden Retriever.
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Figure 1.3 Diagrammatic Representation of the Aims of this Project

1.9 Experimental Approach

Since only the intronic sequence at the intron 6/exon 7 junction of the GR is available
(Sharp et al, 1992), several intronic sequencing strategies will be attempted. If
selected introns are-small, then it should be possible to amplify across individual
introns by conventional or long range PCR and then undertake direct DNA
sequencing. Inthe event that the introns are too large for the DNA amplification, other
approaches to find and identify selected splice sites will be undertaken. These include
phagemid library construction, Cosmid genomic DNA library and Lambda (A) genomic

DNA library screening.
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CHAPTER 2.0 AMPLIFICATION OF CANINE DYSTROPHIN INTRONS
2.1 INTRODUCTION

PCR s an in vitro method for enzymatically synthesising millions of copies of defined
DNA sequences. The reaction involves two synthetic oligonucleotide primers that
anneal to opposite strands that flank the target DNA sequence which is to be ampilified

(Mullis et al., 1994; Boehringer Mannheim, 1995).

Extension of the primers is catalysed by a thermostable DNA polymerase, derived
from themophilic eubacteria like Themnus aquaticus. This is known as Themus
aquaticus DNA polymerase, frequently abbreviated to Tag DNA polymerase. A
repetitive series of cycles involving template denaturation, primer annealing and primer
extension by Taq DNA polymerase, results in an exponential accumulation of a
specific DNA fragment. With each cycle, theoretically the amount of target DNA
doubles, therefore after n cycles there is a 2" increase in the amount of double-
stranded target DNA (Edich, 1989; Mullis et al.,1994; Cummings, 1994, Boehringer
Mannheim, 1995).

Conventional PCR is capable of amplifying up to 3 kb from genomic DNA targets
{Cheng, 1995). The lack of a 3'to 5' exonuclease or proofreading activity is believed
to account for this limitation, due to the inability of Tag DNA polymerase to correct

nucleotide misincorporations and continue primer elongation (Barnes 1994).

As the intron sizes for the canine dystrophin gene are unknown, the ‘conventional’ PCR
approach may be unsuccessful if the introns under investigation are larger than 3 kb.
To overcome this limitation of conventional PCR, a modification aliowing for the

amplification of long DNA fragments has been developed (Bames, 1994; Cheng,
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1995). One such long-range PCR system has been developed by GibcoBRL, the
ELONGASE™ enzyme kit. This kit uses a combination of two thermostable DNA
polymerases, Tag DNA polymerase and a potent proofreading Pryrococcus sp.
thermostable polymerase present at a reduced quantity. The presence of a
proofreading enzyme serves to remove nucleotides misincorporated by Tag DNA
polymerase, driving the extension of the target strands to between 12 to 20 kb

(GibcoBRL, 1999a).

2,2 METHODS

2.2.1 Genomic DNA Extractions

To provide target for long range amplification of dystrophin introns, genomic DNA was
extracted from three normal GRs. These animals were members of the GR colony at
Murdoch University. Thymic tissue samples from two nomnal male GR (Chip
numbers, 19C5 and 6B00) and one nommal female GR (Chip number 1263) were
acquired from frozen (-80°C) archival storage. Thymic tissue was used for the

genomic DNA extractions due to its ready availability and its high DNA content.

2.2.1.2 The DNA Isolation Kit for Cells and Tissues

The DNA Isolation Kit for Cells and Tissues supplied by Roche Diagnostics,
Australia, was used to extract genomic DNA. This product claims to permit the rapid,
large scale isolation of genomic DNA ranging in size from 50 to 150 kb, free of

contaminating RNA and proteins. All components of the kit were stored at 4°C.
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2.2.1.3 Genomic DNA Extraction Protocol

DNA extractions were performed using 150-250 mg of thymic tissue. Due to the high
DNA content of this tissue, the volumes of each solution required for the extraction
were based on specifications provided by the manufacturer for a starting tissue
sample of 400 mg. Throughout the DNA extraction, the samples and solutions were

kept at room temperature unless otherwise stated.

The tissue was frozen in liquid nitrogen, homogenised with a mortar and pestle, and
resuspended in 5 mi of cellular lysis buffer in a sterile 30ml centrifuge tube. To this
mixture, 6.1 pl of Proteinase K solution was added, followed by another 5 ml of cellular
lysis buffer. The sampie was gently inverted 2 to 3 times to ensure that the
Proteinase K solution was mixed into the suspension. In the presence of the
Proteinase K, the DNA and RNA were released into the solution, The sample was
then placed at 65°C for 1 hour. A 400 pl aliquot of RNAase A solution was added to
remove the RNA from the sample. The sample was then placed at 37°C for 15

minutes.

4.2 ml of protein precipitation solution was added to the sample and gently mixed for
5 to 10 seconds. The sample was then placed on ice for 5 minutes followed by
centrifugation at 13 000 rpm at room temperature for 20 minutes to remove the protein
from the suspension. Upon centrifugation a protein pellet {(and cell debris}) was
formed. The supematant containing the DNA was carefully withdrawn using a wide

bore tip and transferred into a sterile 50 m! centrifuge tube.

0.7 volumes of isopropanol was added to precipitate the DNA. The tube was gently
inverted until the upper and lower phases mixed. The visible DNA “strands” were

removed from the isopropanol with a plastic tip and placed into a stenle tube
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containing cold 70% ethanol. The mixture was swirled untl the DNA strands were

released into the 70% ethanol.

The sample was then centrifuged for 5 minutes at 13 000 rpm. The supematant was
discarded and the DNA pellet was left to air dry for 10 minutes. The DNA pellet was

resuspended in 300 p! of nuclease free water and placed at 4°C overnight to dissolve.

2214 Spectrophotometry

Spectrophotometery of the purified genomic DNA was performed using a Beckman
DU 650 (UV) spectrophotometer. Nucleic acids absorb UV light predominantly at
260 nm whereas proteins absorb UV light predominantly at 280 nm. By measuring
the samples optical density (OD) at these two wavelengths, the concentration and

relative purity of the DNA was calculated,

To ensure accurate and consistent results, the UV light on the spectrophotometer was
switched on at least 15 minutes prior to measuring. The spectrophotometer was
calibrated against the same water used to dilute the samples. An OD,, value of 1.0

was considered to be equivalent to 50 pg/ml of DNA (Sambrook et al., 1989). The

concentration of DNA samples was calculated as follows:

Concentration of DNA (ug/ml) = OD,, x dilution factor x 50

Nucleic acid purity was determined by comparing the ratio between reading at 260 nm
and 280 nm. The purity of the DNA sample was measured for protein contaminants
from the ratio OD,,/OD,,,. An OD,,/OD,,, of 1.8 represents high quality, pure DNA.
Values less than these figures are indicative of protein and‘or phenol contamination.

To check the sample for possible RNA contamination, an alicuot of the extracted DNA
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was fractionated on an agarose gel. Any RNA contamination would appear as a

smear towards the bottom of the lane.

2.2.1.5 Agarose Gel Electrophoresis

The agarose concentration used to make the gel was determined by the anticipated

sizes of DNA fragments to be fractionated. This shown in Table 2.1.

Table 2.1; Agarose Concentrations Required to Separate DNA of

Various Sizes
Amount of Agarose (%) in gel Linear DNA Size (kb)
(wiv)
0.5 5 to 60
1.0 6to04
2.0 4t00.2%b
3.0 210 0.1kb

(Sambrook et al., 1989)

As the extracted genomic DNA products were expected to be in the 50 to 150kb
range, a 0.5% agarose gel was prepared by pouring a 1% agarose in TAE base,
allowing this to set and then overlaying with 3 to 5 mm of 0.5% agarose. An
appropriate amount of agarose powder was weighed out and added to 1xTAE in a
bottle. With the lid on loosely, the solution was heated in a microwave oven until the
agarose had completely dissolved. It was then stored in a dry oven at 65°C unti

required.

The molten 1% agarose solution was poured onto a perspex casting tray (Biorad) to a
depth of 3 to 5 mm. The gel was left {o set for 15 to 30 minutes at room temperature.

A well forming comb was placed approximately 1 cm from one end of the casting tray

27



above the 1% agarose base. The 1% agarose gel was then overlayed with 2 mm to

4 mm of 0.5% agarose and allowed to set.

The gel was then placed into an electrophoresis tank (Biorad electrophoresis sub cell)
and sulfficient 1xTAE buffer was added to just cover the surface of the gel to a depth
of 1 mm. The comb was removed. 5 pl aliquots of each sample were mixed with 1
of 6x GLB loading buffer and loaded into the wells of the agarose gel. A 5 pl aliquot
of a DNA molecular marker {50 ng/ul) was also loaded into the wells on the far left and

right sides of the gel (Figure 2.1).

Electrophoresis of the samples was performed between 70-100 voits for
approximately 1 hour. After electrophoresis was complete, the gel was stained n

ethidium bromide (0.5 ug/ml) at room temperature with gentle agitation for 30 minutes.

After staining, the gel was visualised using a Fotodyne UV-transiliuminator and black

and white images were recorded using the Kodak® Digital Science™ DC120 camera.

2.2.2 Long Range Amplification

Long range PCR amplification of intronic targets was performed using Elongase
enzyme kit (GibcoBRL, 1999a) according to the recommendations for genomic
targets provided by the manufacturer. The PCR included a ‘hot stat’ and was
composed of two separate mixes, one containing the template, primers and
nucleotides (Mix 1, Table 2.2) and ancther that contained the buffer and Elongase
enzyme (Mix 2, Table 2.3). Both mixes were prepared on ice in 0.2 mi thin walled
tubes. Mix 1 was constructed individually for each intronic primer set. Primers used to

amplify across the introns are illustrated in Table 2.4,
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SPP-1 digested with EcoR/ pUC19 digested with Hpa Il DMW-100M
(Geneworks, Australia) (Geneworks, Australia) (Geneworks, Australia)

8500 bp 501 bp 3000 bp
7350 bp 489 bp =4 2000 bp
6100 bp 404 bp =4 1000bp
4840 bp 331 bp =

3590 bp 242 bp ==

2810 bp 190 bp f—

1950 bp 147 bp =

1860 bp 111 bp A

1510 bp 110 bp —

1390 bp 67 bp e

1160 bp 34 bp —

980 bp 34 bp el

720 bp 26 bp .

480 bp —

360 bp

Figure 2.1: DNA Molecular Weight Markers used in Agarose Gel Electrophoresis.
The markers were diluted in loading buffer to a final concentration of 50 ng/ul

before use.




Table 2.2: Components of Mix 1

Components of Mix 1 Volume {ul) Final Concentration
5 mM dNTP mix 2 100uM
Forward Primer 2 200nM
Reverse Primer 2 200nM
Genomic DNA (752) 1ug/ul 1 1ug
Slerile water to 20 ul
Total 20
Table 2.3: Components of Mix 2
Components of Mix 2 Volume {ulf) Final Concentration
5X Buffer A 5 60 mM Tris SO, (pH 9.1}, 18 mM
(NH,); 1.5 mM Mg SO,
5X Buifer B 5
Elongase Enzyme Mix 1 1U
(1 unit {U)uh
Sterile water to 30 pd
Total 30

Table 2.4: Primers used to Amplify Canine Dystrophin Introns

Canine Primer Set Sequence 5' to 3
intron
5 Canbys5F GGAAATCA{C/T)AAACTGACTCTTGG
CangR CTGTGACTATGGATAAGAGCATTCA
6 Can6F GTCAAAAATGTAATGAAAAATATCAT
CanDys7R TTGTGTGGCTGACTGCTGGC
7 Can7¥F GAACATGCATTCAACATTGCC
Can8OR GATGGCCTTGGCAACATTTCC
8 ConDys8F CAACAAGTGAGCATTGAAGCGAT
ConDys9R CATAAGCAGCCTGTGTG(A/TIAGGCAT
9 DysEX9F CCTAAGCCTGGATTCAAGAG
Can100R AATCTCTCCTTGGGCTTGGAG
Positive Can79F CAATGTAGGAAGCCT
control
UTR 13643R TAAAACGTAGCAATAAAGCTC
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All reaction components of the PCR master mixes, wilh the exception of the DNA
template, were added in a pre-PCR room with micropipettes that had never been
exposed to PCR products. A negative control consisting of all components of the
reaction mix except the template was ailso prepared for each primer set in order to

check for possible reagent contamination.

The DNA template was added using aerosol-resistant tips (to minimise contamination)
to Mix 1. The reaction was overlayed with one drop of paraffin oil to prevent
evaporation and condensation during thermocycling. The MJ tube contro! facility
minicycler was used to monitor reaction temperatures. The individual Mix 1 tubes
were placed in the thermocycler. The reaction was incubated at 94°C for 30 seconds
after which the Mix 2 containing the Elongase was added, followed by 35 cycles of
denaturation at 94°C for 30 seconds, annealing of primers at 50°C for 30 seconds and

primer extension at 68°C for 10 minutes.

On completing the PCR, a 5 pl aliquot of the products was electrophoresed on an

agarose gel and the remaining products were stored at -20°C until further use.

2.2.2.1 Gel Purification of Long Range PCR Products

The long range ampiification PCR products were gel purified on a 1.5% low melt
agarose gel. 20 to 30 ul of the PCR product was mixed with 5 ul of loading 6x GLB
buffer and loaded into a wide well created by taping two comb teeth together. After
fractionation, the gel was stained with freshly prepared ethidium bromide and
visualised briefly by UV transillumination. The band of interest was excised from the
gel with a clean sterile scalpel blade as quickly as possible to minimise damage to the

DNA by UV light and then transferred into a 1.5 ml eppendorf tube.
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The QlAquick PCR purification kit (supplied by QIAGEN, Australia) was used to
purify gel fractionalised PCR products from contaminants such as primer dimers and
amplification primers, unincorporated nucleotides, and enzymes (Qiagen, 1997). All
solutions and spin columns were provided with the kit. Purfication was performed

according to the protocol provided by the manufacturer.

Five volumes of buffer PB was added to the excised DNA agarose band in the
1.5 ml eppendorf tube. The sample was then placed at 65°C to melt the agarose (~1
minute). The sample was then applied to a QlAquick spin column placed in a 2 ml
collection tube. The sample was then centrifuged for 1 minute at 14 000 rpm and the
flow-through discarded. The QlAquick column was placed back into the same
collection tube and the sample washed with 750 pl of buffer PE which was
subsequently centrifuged for a further 1 minute. The flow-through was discarded and
the QlAquick column was centrifuged for an additional 1 minute at maximum speed to
remove any residual buffer PE. The QIAquick column was then placed into a sterile
1.5 ml eppendorf tube. The DNA was eluted by adding 30-50 pl of nuclease free

water to the centre of the QlAquick column and centrifuging for 1 minute.

An aliquot of the purified DNA products sample was electrophoresed on an 2%
agarose gel to estimate the concentration and the integrity of the DNA for the purpose

of DNA sequencing.
2.2.2.2 DNA Sequencing

The ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit supplied
by Applied Biosystems is a modification of the Sanger dideoxy sequencing method
(Sanger et al, 1977). Cycle sequencing is based on the ability of a DNA

polymerase to extend a primer, annealed to the sequencing template, until a chain
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terminating dideoxy nucleotide is incorporated. Each sequencing reaction includes the
four types of deoxyribonucleotide triphosphates (ANTPs: dATP, dCTP, dTTP and
dGTP), four different dideoxyribonucleotide triphosphate (ddNTPs) each labelled with
a different fluororescent dye (ddATP-green, ddCTP-blue, ddTTP-red and ddGTP-
yellow), one primer, buffer, magnesium and a thermostable DNA polymerase. Chain
termination occurs when a ddNTP is incorporated in to the DNA strand as the ddNTPs
lack the 3'-OH group necessary for chain extension. As the concentration of ddNTPs
is much lower than that of the dNTPs, the chain termination occurs randomly at G, A, T
or C, depending on the respective dideoxy analogue in the reaction. The resulting
fragments, each with a common origin but a different termination point, are separated
by electrophoresis aliowing the nature of the fluorescence and hence the chan
terminating nucleotide to be identified. Data is recorded electronically and presented

as a chromatographic intensity profile with ATGC translation (Brown, 1994).

The BigDye™ temminator cycle sequencing reaction contained 4 p! of the terminator
premix, 1 pl primer (~50ng) and the appropriate amount of DNA as template 1-5 pl

made up to a final volume of 10 p! with nuclease free water.

All reactions were placed into a MJ mini cycler with a Hot Bonnet (does not require
paraffin overlay) and amplified as follows: 94°C for 30 seconds, 50°C for 30 seconds
and 60°C for 4 minutes and 15 seconds. The cycle sequencing was conducted for 30

cycles and left at 4°C untii purification.
On completion of the thenmal cycling, it was necessary to separate the sequencing

reaction products from excess nucleotides and primers from the sequencing reaction,

prior to the products being analysed on an ABI 373A DNA sequencer.
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Ten microlitres of nuclease free water, 50 pl of 95% ethanol and 2 pi of 3M sodium
acetate (pH 5.2) was added to the sample which was vortexed and left to stand at
room temperature tor 15 minutes. The precipitate was then centrifuged ai 14 Q00 rpm
for 30 minutes. The supematant was removed with a pipette and the remaining pellet
was washed with 250 pl of 75% ethanol and centrifuged for 15 minutes. The ethanol

wash was removed and the sample air-dried for approximately 1 hour.

The SeqEd 675 DNA sequence editor was used to visulise text and chromatograms
of the sequence template. Chromatograms were also manually examined to confim

the computer assigned calling of bases in the seguence,

2.3 RESULTS

2.3.1 Genomic DNA Extractions

The concentration and relative purity of the extracted DNA was assessed after

spectrophotometry and agarose gel electrophoresis.

The DNA extracted from the three GR samples ranged in concentration and purity.
There was no evidence of RNA contamination after agarose gel electrophoresis as
illustrated in Figure 2.2 (p. 35). Protein contamination was present in the DNA
extraction from dog 1263 sample, as indicated by an OD .., M ratio of less than

1.8 (Table 2.5). This sample was disregarded and not used in further applications.



Figure 2.2: Genomic DNA Extractions. Agarose gel electrophoresis of genomic
DNA extractions from three golden retriever thymic samples. Extractions and
electrophoresis was performed as described in methods sections 2.2.1.3 and
2.2.2.5. Lane 1: Lambda (A) Ladder one (~ 100 kb). Lane 2: A Ladder two (~ 50
kb). Lane 3: Sample 19C5. Lane 4: Sample 6B00. Lane 5: Sample 1263. Lane
6: Undigested A.

Table 2.5: Concentration and Purity of the Extracted Genomic DNA

Sample OD 40260 ratio Concentration (pg/ml)
(chip numbers)
19C5 1.8 1088.3
6B00 1.8 768.3
1263 1.6 1562.5

The genomic DNA samples were approximately of 50 kb or greater. This was
determined by comparison to the undigested A cloning vector which is approximately

48.5 kb and to the two A ladders created through concatemerisation of the A vector.
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2.3.2 Long Range Amplification

Figure 2.3 shows the long range amplification of introns 5 to 9 by Elongase
(GibcoBRL, 1999a). Only the amplification with the intron 8 and intron 9 primer sets
yielded strong product bands that were observed at approximately 1.4 kb and 1.1 kb
respectively (Figure 2.3). In contrast, the amplification with primer sets for introns 5, 7
and the positive control showed non-specific smearing, while multiple bands were
observed for intron 6. All reaction negative controls were free from contamination,
except the intron 6 negative control in which a faint but distinctive band was observed

at ~ 2.0 kb.

lane 1 2 3 45 6 7 8 9101112 1314

Figure 2.3: Long Range Amplification of Canine Dystrophin Introns. Lane 1:
SPP-1 molecular weight marker. Lane 2: Intron 5. Lane 3: Intron 5 negative control.
Lane 4: Intron 6. Lane 5: Intron 6 negative control. Lane 6: Intron 7. Lane 7: Intron
7 negative control. Lane 8: Intron 8. Lane 9: Intron 8 negative control. Lane 10:
Intron 9. Lane 11: Intron 9 negative control. Lane 12: Exon 79-UTR. Lane 13:
Exon 79-UTR negative control. Lane 14: SPP-1 molecular weight marker.
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Forty microlitres of the intron 8 and 9 PCR reaction were separated on a 1.5%
LMPAG. The bands were excised and purified using Qiaquick purification system
(Qiagen, 1997). Five microlitres of the purified DNA was electrophoresed on a 1%
agarose gel at 100 V for 50 minutes to estimate the concentration of the PCR product
after purification. Discreet bands were observed at 1.4 kb and 1.1 kb for intron 8 and

9 respectively.

2.3.3 Sequencing

Two microlitres of the purified intron 8 and 9 products were used as templates in the
sequencing reactions. The original amplification primers were used to sequence intron
8 and 9 in both directions to establish the sequence of the 5' and 3' splice sites.
Intronic sequences were obtained for intron 8 in both directions (Figure 2.4 and 2.5).
The sequencing of intron 9 revealed that this PCR product was in fact a PCR reaction
artefact. An 2'-0-methyl antisense oligonucleotide was designed at the 5' splice site of
intron 8 to induce skipping of exon 8 and ordered through Geneworks, Australia

(Figure 2.4).

Further attempts were made to optimise the PCR for the amplification of introns 5, 6,
and 7. PCR strategies that were attempted included varying the amount of DNA to
decrease background smearing, increasing the annealing temperature to 55°C to
increase the specificity of the primers and lastly, increasing the extension times to 15
minutes. Temperatures could not be raised above 55°C as the GC content of the
primers was less than 50%. Despite these further attempts to optimize the PCR, no

specific PCR products were obtaired.
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2.4 CONCLUSIONS

Both spectrophotometric and agarose electrophoresis analysis indicated that the
genomic DNA extracted using the DNA isolation kit for celis and tissues (Roche
Diagnostics, Australia) was of sufficient quantity and quality to be suitable for tong

range amplification and for further applications in this project.

Long range amplification of intron 8 from canine genomic DNA was successful n

amplifying a 1.4 kb PCR product.

Sequencing of this PCR product with both the 8 forward and 9 reverse primers

identified the 5' and 3' splice sites of intron 8.
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CHAPTER 3.0 PCR SCREENING OF A CANINE PHAGEMID LIBRARY

3.1 INTRODUCTION

The next experimental approach was to construct a canine (GR) genomic DNA
phagemid library. This was to be used to PCR screen the remaining dystrophin

intron/exon boundaries.

As conventional PCR can only amplify DNA targets less than 3 kb, the basic strategy
of this experiment was to construct a phagemid library in which the genomic DNA
inserts were less than 1.0 kb. Due to the small sizes of the DNA inserts, the library
was to be screened by conventional PCR using exon specific primers and the M13

primer sites flanking the multiple cloning site (MSC).

3.2 METHODS

3.2.1 The Plagemid Vector

Phagemid vectors are plasmids which have been atificially manipulated so as to
contain a small segment of filamentous phage genome such as M13, fd or f1.
Phagemids permit the successful cloning of inserts several kilobases long. The
pBluescript Il SK* phagemid vector supplied by Stratagene was selected for the
construction of the canine phagemid library, because it was a suitable vector and it was
availabie n the laboratory. The pBluescript | SK' phagemic vector is a 2961 bp

phagemid derived from pUC19 and contains a MCS of 657-759bp.
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3.2.2 Preparation of Vector DNA

15 ug of the pBluescript Il SK' vector DNA was digested with 100 U of Smat
(recognition sequence; CCClGGG) in a total volume of 200 pl (20 pl of 10x
multicore buffer, 165 pl water) for 2 hours at 37°C. Enzyme activity was terminated by
heat inactivation for 15 minutes at 65°C. The sample was then ethanol precipitated by
the addition of 2.5 volumes of 100% ethanol and 1/10 volume 0.3 M sodium acetate,
followed by centrifugation at 13 000 rpm for 10 minutes at 4°C. The supernatant was
removed and 100 pl of 70% (w/v) ethanol was added. The sample was again
centrifuged at 13 000 rpm for 10 minutes at 4°C. The ethanol wash was removed and
the DNA pellet left to air dry at room temperature for 15 minutes. The DNA pellet was

resuspended in 30 pl of water to a final concentration of 0.5 pg/ul.

3.2.3 Preparation of Genomic DNA: Blunt End Digestion

Using the canine genomic DNA extracted from GR dog 6B00 (Section 2.2.1., p. 24),
two complete digests of genomic DNA were constructed. One digest using Smal, a
six-base cutter, with the other using Rsat, a four-base cutier {recognition sequence:

GTIAC).

3.2.3.1 Smal Complete Digestion of Genomic DNA

10 ng (1.0 ug/ul) of canine genomic DNA was digested with 80 U of Smal and
dephosphorylated with 0.8 pl of Shrimp Alkaline Phosphatase (SAP) (U/ul) in a final
volume of 200 ul at standard buffering conditions (20 ul of 10 X multicore buffer and

160 pl of water) for 2 hours at 37°C. The sample was ethanol precipitated as
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described in Section 3.2.2 (p. 42). The DNA pellet was resuspended in 20 pl of

nuclease free water to a finat concentration of 0.5 ug/ul.

3.2.3.2 Rsal Complete Digestion of Genomic DNA

10 pug (1.0 ug/ul) of canine genomic DNA was digested with 80 U of Asal and
dephosphorylated with 0.8 gl of SAP (U/ul) to a final volume of 200 pi at standard
buffering conditions (20 pl of 10 X multticore buffer and 160 i of water} for 2 hours at
37°C. The sample was ethanol precipitated as in Section 3.2.2 (p. 42). The DNA

pellet was resuspended in 20 pl of nuclease free water to a final concentration of 0.5

pg/ud.

3.2.3.3 Agarose Gel Electrophoresis

Sul aliquots of complete digestions of both vector and inset DNA were
electrophoresised on a 2% agarose gel, stained with ethidium bromide and

photographed for analysis.

3.2.4 Ligation of Phagemid Vector and Insert DNA

Ligation was performed using a 1:3 molar ratio of vector to inset DNA as per the
recommendations made by the Promega (1996), “Protocol and Application Guide”
(p. 45) for a 3.0 kb vector and a 0.5 kb insert. The ligation was constructed according

to the manufacturers directions (see, Table 3.1). Incubation was ovemight at 14°C.
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Table 3.1: Ligation Reaction

Component

Volume {ul)

Final Concentration

Vector DNA (0.5ug/ul)

Insert DNA {0.5uq/ul)

T4 DNA Ligase (GibcoBRL)

Ligase 10x Buffer

Nuclease Free Water
Total

1
3
0.3
5
41
50

500 ng
1500 ng
1 U (Weiss units)
1x

Three 10 yi ligation controls were also constructed for the vector DNA only and for

each of the digested insert DNA.

3.2.5 Screening by PCR Amplification

3.2.5.1 Primary Amplification

As only a few copies of the exons of interest existed in the phagemid library, an
asymmetric PCR approach was adopted for primary amplification. Components of
the primary amplification are outlined in Table 3.2. In this method, the conventional
PCR was set up but using only the exonic primer for the first 40 cycles of amplification.
On completion of themmocycling, the M13 primer was added and thermocycling
conditions recommenced for a further 20 cycles. In this way the reaction was enriched

with linear fragments that contained only the exon of interest before the M13 primer

was added. Primers used for primary amplification are itustrated in Table 3.3.
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Table 3.2: Components of the Primary Amplification PCR

Component Volume (i) Final Concentration
Sterile water 12.9 -
5.2'% 5 1x PCR butfer, 2mM MgCl, +
100uM dNTP's
Primers (50ng/ul each) 2 4 ng/ul
Thermus thermus (Tth) DNA 0.1 0.05 U/t
polymerase (5.5U/ul)
Target DNA 5
Total 25

Table 3.3: Primers used for Primary Amplification

Canine Exon  Primer Direclion Sequence 5" to 3'

6 F GTCAAAAATGTAATGAAAAATATCAT
R CTATGACTATGGATGAGAGCATTCA

8 R GATGGCCTTGGCAACATITCC

9 F CCTAAGCCTGGATTCAAGAG

M13F F CGCCAGGGTTTTCCCAGTCACGAC

M13R R AGCGGATTTCAATTTCACACAGGA

Themal cycling was performed under the following conditions: 94°C for 2 minutes
followed by 39 cycles of 94°C for 30 seconds, 55°C for 1 minute and 72°C for 2
minutes. On completion of the thermocyling conditions the vector primer was added
and the thermocycling conditions recommended for a further 20 cycles. The PCR
reaction products were then electrophoresed on a 2% agarose gel, stained with

ethidium bromide and photographed for analysis.

3.3.5.2 Secondary Amplification

Fragments generated from primary amplifications were isolated from other products n

the sample through secondary amplification using a semi-nested PCR technique. The
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semi-nested approach involves using exonic primers intemal to the exonic primers
used in the primary ampiification. This acts to increase the specificity and sensitivity of
the amplification reaction. The components of the semi-nested PCR reaction are

shown in Table 3.3. Primers used for semi-nested PCR are illustraled in Table 3.4.

Table 3.4: Components of Secondary PCR Reaction Mix

Component Volume {plh) Final Concentration
Sterile water 34
5.1% 10 1X PCR Reaction Buffer,
S0 mM dNTP's and 1 mM
MgCl,
Primers (50ng/ml} 4 4 ng/ul
T. th DNA polymerase (5.5U/ul) 0.2 0.1t Ll
Target DNA 1
TOTAL 50

Themal cyciing was performed under the following conditions: 94°C for 2 minutes
followed by 39 cycles of 34°C for 30 seconds, 55°C for 1 minute and 72°C for 2

minutes.

Table 3.5: Primers used for Secondary Amplification

Canine Exon _ Primer Direction Sequence 5' to 3’

ExonBIR* Nested R CG{A/G)ACCCAGCTCAG(A/G)AGAATC
Can8R Nested R CATTAAGATGGACTTICTTATCTGG
DMD2a Nested F CGATTCAAGAGCTATGCCTAC

3.3.5.3 Bandstab PCR

Bandstab PCR (Wilton et al, 1937c) was another technique used for secondary

amplification of PCR products. The bandstab mixtures were prepared using the
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same reaction conditions as the semi-nested secondary PCR (Section 3.3.5.2),
however template DNA was taken directly from a band in an agarose gel. After gel
fractionation and ethidium bromide staining of the PCR products, the gel was rinsed
briefly with distilled water. The band of interest was stabbed with a sterile yellow
pipette tip and the tip placed into the reaction mix for one minute. The contents of the
pipette tip were expelled into the PCR reaction. The reaction was overlayed with

paraffin oil before thermocycling. The cycling conditions are outlined in section 3.3.5.2.

3.2.6 DNA Sequencing

Products to be sequenced were purified using the Qiaquick purification system as
previously described in Section 2.2.2.1. (p. 31). DNA Sequencing was conducted as
outlined in Section 2.2.2.2 (p. 32} using the nested exonic primers to generate the

product.

3.3 RESULTS

3.3.1 Digestion of Vector and Insert DNA

Figure 3.1 (p. 48) shows the digested products of the phagemid vector DNA and the
canine genomic DNA, The digestion of the vector was successful and observed as a
2.81 kb fragment. The Sma1t digest of the dog genomic DNA was not successful.
The genomic DNA appeared to have changed little in regard to size. In contrast, the
complete Hsal digestion was successful and observed as a smear of DNA

extending from ~ 3.5 kb to less then 300 bp.
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Lane 12 3 4 5 6

Figure 3.1: Digestion of Phagemid Vector and Canine Genomic DNA. Lane 1:
SPP-1 molecular weight marker. Lane 2: Smal digested canine genomic DNA.
Lane 3: Smafl bluescript vector DNA. Lane 4: Rsal digested canine genomic DNA.

Lane 5: undigested A. Lane 6: Blank.

3.3.2 Ligation of Vector and Insert DNA

The ligation of the vector and insert DNA is shown in Figure 3.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>