






















































































































































































































































































































































































































































































































































































































































































































































































7. General Discussion

age, and their skeletal muscles show no gross pathological features. These findings
raised the possibility that keeping fetal ACTC expressed continuously might provide a
therapy for ACTAI diseases. Here, increasing the wild type Act88F levels restores
normal muscle function in flightless Drosophila mutants heterozygous for a congenital
actin myopathy mutation. However, some mutants were rescued better than others and
this may also well be the case if wild type actin levels were increased in human
congenital actin myopathy patients. In fact, apart from the D154N and V163L mutations
that did not rescue as well as the rest of the mutants, genomic Acr88F mutants are
known that are not rescued at all (A138V, R256C, G268D, Sarah Haigh, 2003, PhD
thesis, University of York). Taking this into consideration, if upregulating cardiac actin
was to be used as a therapeutic treatment, Drosophila IFM could be used as a quick

system to assess which mutations could be rescued by increasing wild type actin levels.

Administrated doses of L-tyrosine (250-3000 mg/day) have been successful in
alleviating some of the nemaline myopathy symptoms (Ryan et al., 2008). Five patients
showed marked improvements concerning energy levels and exercise tolerance upon L-
tyrosine treatment without side effects. The mechanism of this result is not known but
may be effective through effects of catecholamines on muscle (Dr. K. North personal
communication). The ease of growing flies cheaply and fast in large numbers allows
their use to screen for therapeutic drugs. However, both in nematodes and flies there are
limitations in drug discovery. Given the fact that metabolic pathways in humans and
invertebrates differ, administrating drugs to alleviate/cure disease symptoms in
nematodes and flies may have an adverse effect in humans due to toxic metabolites,
side-effects or they may no be effective at all. Nevertheless, C.elegans has been
successfully used to discover the molecules serotonin and prednisone for the treatment
of Duchenne Muscular Dystrophy symptoms (Bessou ef al., 1998; Gaud et al., 2004;
Carre-Pierrat et al., 2006). This example shows that it is possible to discover therapeutic

drugs invertebrate models to treat human myopathies.

Other proposed therapeutic approaches include allele-specific knock down by RNAi
(Nowak et al., 2008). However this approach must be made effective in vivo (Xia et al.,
2006). Although 75% of the mutations are found in individual families, the Wobble
hypothesis leads to a variation of the third base in each codon. Targeting these

variations by RNAi would require sequencing of each family member and given the fact
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7. General Discussion

that new mutations appear almost as frequently as known mutations, RNAi therapy
would need to be tailored to each individual. Third, not all mutations are amenable to
RNAi. With 40 % of the body mass consisting of muscle (Netter, 2006), targeting of

effective treatments for the mutated protein is a daunting task.

7.8 Is Drosophila IFM a good model for studying human thin filament
myopathies?

Drosophila is not a perfect model and limitations in using flies to study human muscle
disease have been stated throughout this chapter. Briefly, the human phenotypes cannot
always be reproduced (in this thesis actin filament aggregate myopathy) and if so it is
not always identical (in this thesis IRs were loosely packed instead of rod-like). Key
human sarcomeric proteins, e.g. nebulin and titin, are missing in flies and other
sarcomeric proteins are present only in Drosophila e.g. sallimus isoforms, flightin. A
pathogcnic protein interacts with other cellular proteins; hence since some of the
proteins in Drosophila are different from the putatively interacting proteins in man one
could potentially obtain false positive or negative results of interaction if the human
disease protein cannot interact with a genuine target protein in Drosophila. Sufficient
amounts of protein, for example myosin and actin, can be extracted from the IFM for
studying protein-protein interactions (Anson ef al., 1995; Silva et al., 2003). However,
some muscle proteins are not as abundant as myosin and actin, hence the choice of
biophysical techniques can be limited for such proteins. Screening for potential drugs to
alleviate NM may or may not be possible in Drosophila given the differences in

metabolic pathways to humans.

Studying a muscle disorder in a system where there is no innate immune response or
muscle regeneration can be a disadvantage, as the model does not fully mimic the
disease. However, the absence of muscle regeneration (satellite cells have not been
found) in adult Drosophila can act as an advantage over other animal systems where
muscle repair mechanisms are in place. The mdx mice, with only a mild dystrophy, have
been used for studying Duchenne Muscular Dystrophy (Sicinski ef al., 1989). With the
exception of the diaphragm, which is the most affected muscle, the other muscles show
signs of the disease during the first six weeks of life, but subsequently show little signs
of weakness and the mice have a near-normal lifespan (Collins et al., 2003). The

dystrophy remains subtle and non-lethal in these mice as expansion of satellite cells

235



7. General Discussion

allows them to adapt to degeneration and show muscle recovery (feviewed in Durbeej
and Campell, 2002). Unlike mouse models of muscle disease that often show modest
phenotypes, introducing mutations in Drosophila equivalent genes can impair muscle
structure and often recapitulate the clinical phenotypes of human patients (as discussed

in Chapter 1, section 1.4).

While Drosophila has only been used as a model for studying human muscle disease for
the last decade, it is well equipped with all the necessary tools for studying skeletal
myopathies. With a complete genome sequence and a plethora of genetic tools, genes
can be identified, mapped, cloned rapidly and their expression can be spatially and
temporally controlled. The organism is easily amenable and muscle defects can be
readily identified and studied. Furthermore, if a mutation is too severe it may result to
death thus preventing studying of the muscle defects in mice. The IFM, which are an
isolated group of muscles, is dispensable for the viability of the fly and permits one to

study even the most severe mutations.

Drosophila IFM meet most of the requirements to act as a genetic model system for
NM. Using the Act88F mutants it was possible to reproduce to some extent the different
congenital actin myopathy phenotypes in the IFM such as intranuclear rods, sarcomeric
and myofibrillar abnormalities. The actin-aggregate filament myopathy phenotype was
not reproduced. Large nemaline bodies were only observed when GFPActS88F /5 was
expressed using a GAL4 driver. This might be due to overexpression of the
ACTS8FV'%L or less likely the GFP moiety. Hence Drosophila IFM is a suitable model
with which to study how the IR, sarcoplasmic rods and myofibrillar disarray are caused.
Furthermore, genetic approaches have helped to understand how the large nemaline
bodies form. It was shown that only mutant actin is present in the intranuclear and
sarcoplasmic rods. For such a small organism, flies still permit a variety of biochemical
and mechanical approaches to understand the mechanism of disease as demonstrated
with the studies of the R372H ACTS88F mutation in this thesis. Moreover each 4ct88F
mutation resulted in different phenotypes and matched in severity those of the human

patients. This further shows that Drosophila IFM is a suitable model for studying NM.

However, the work on troponins and their role in arthrogryposis has raised issues

concerning the use of Drosophila in studying this disease. First the Drosophila Tnl and
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7. General Discussion

TnT genes share little homology to the human counterparts due to large
insertions/deletions. As a result, the Drosophila equivalent of the human mutant
residues causing arthrogryposis could not be identified with certainty. In order to study
the arthrogryposis Tnl and TnT mutations the UAS-Tnl and UAS-TnT constructs had to
be sufficiently expressed. The way to establish if that was feasible involved rescuing the
wild type IFM nulls. The Tnl null was rescued but the TnT null could not be. The UA4S-
TnT* was expressed in an up’ background. The up’ mutation causes defective splicing
of the alternative TnT exon 10a. This exon is used to generate an IFM-specific isoform,
which in IFM development replaces the earlier expressed exon 10b isoform
(Nongthomba et al., 2007). Here expression of the exon 10a isoform was initiated from
the early pupal stage when the exon 10b isoform is still expressed. The presence of exon
10a isoform during early development may interfere with the function of exon 10b
isoform. This would not allow rescuing of the up' mutation. Therefore Drosophila IFM

are not yet a suitable system for modelling TnT arthrogryposis mutations.

7.9 Future work

Future directions should include isolating the IR-linked Act88F actins from the IFM to
biochemically study their interactions to cpb and profilin. Weakened interaction of the
actin mutants to profilin would strengthen the hypothesis that the mutant actin/profilin
complex is retained in the nucleus thus resulting in actin IRs. If the binding of those
actins to cpb is weakened, it would suggest that aberrant Z-disc assembly is due to the

inability to cap the barbed ends of the filaments in the mutants.

The levels of expression of the GFP tagged-wild type ACT88F" and ACT88F'!®:
actins, using the UH3-GAL4 driver are unknown. Western blot analysis with anti-GFP
and anti-actin antibodies for the UH3-GAL4/+; UAS-GFPAct88F"'%!/+ and UH3-
GAL4/+; UAS-GFPAct88F" |+ flies would reveal the expression levels of GFP-tagged
wild type and GFP-tagged mutant actins. This would allow comparison to the native

ACTSSF protein levels.

Other future work should include developmental analysis of the G15R and D292V
mutants by light microscopy of whole IFM. It is thought that the D292V mutant actin
disrupts tropomyosin interactions. Biochemical analysis could be carried out to

understand if the interaction of ACT88F"**2Y and tropomyosin is weakened.
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7. General Discussion

Furthermore, it is unknown what proteins other than actin accumulate in the Drosophila
IRs. Whole muscle immunostaining showed that kettin did not localise in the IRs.
Whole muscle immunostaining for different proteins such as the actin nucleator formin

(Evangelista.et al., 2003) and a-actinin (present in human rods) can be carried out.

Tropomodulin overexpression in cell cultures results in intranuclear rods (Kong and
Kedes, 2004). Although sanpodo, the Drosophila homologue of tropomodulin, has
previously been overexpressed, an intranuclear rod phenotype was not reported in those
flies (Kong and Kedes, 2004). The phenotype may have been overlooked or if the
muscles were not properly treated the intranuclear rods could have been lost. In this
thesis fixing the IFM prior to penneabilisation was crucial in order not to lose the
intranuclear rods. An interesting experiment would be to perform whole muscle staining
with anti-sanpodo antibody in flies overexpressing sanpodo and see if they also show
the intranuclear rod phenotype.

For the rescue of the TnT up’ null, to prevent parallel expression of the TnT 10a
isoform with that of the TnT 10b isoform, a different driver could be used where
expression occurs at a later stage during pupal development. Introduction of the
GAL80” driver into the system may also be a way to circumvent this problem. Shifts in
temperature so that the flies are grown at 18 °C where the GAL4 activity is weak and
then transferred to 25 °C or 29 °C degrees at late pupal stages is another possible
experiment. For the Tnl mutants expression of the UAS-Tnl constructs in hdp3/+
heterozygote females should be followed. Studying the UAS-TrnI mutant constructs also

requires further investigation.
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Appendix I

Table 1. List of primers. Mutagenized residues are underscored and shown in bold. The ¢-'
indicates that the primer was used for gene amplification.

Gene Mutation /- Forward primer 5°- 3’ Reverse primer 3’- §°
a-actinin S103C GGATTTCATTGCCTGCAAAGGAGT TGACTCCTTTGCAGGCAATGAAATCC
Actin CA
Binding
Domain - GCGCGCCATATGATCGAAGGTCGT GCGCGCCTCGAGTTAGACTGCAGAA
ATGGATCATCACTACGACCCGC CCTTGCAAATACG
Actin88F 1136M CGTGGCCATGCAGGCCGTGCTCTC CAGGGAGAGCACGGCCTGCATGGCC
CCTG ACG
D154N ACCGGTATTGTGCTGAACTCCGGC CGCCGGAGTTCAGCACAATACCGGT
G
V163L TGTCTCCCACACCCTGCCCATCTA CCCTCATAGATGGGCAGGGTGTGGG
TGAGGG AGACA
Vie3M TGTCTCCCACACCATGCCCATCTAT CCCTCATAGATGGGCATGGTGTGGG
GAGGG AGACA
D292V CATCCGCAAGGTTCTGTATGCCAA  ACGGAGTTGGCATACAGAACCTTGC
CTCCGT GGATG
Troponin K245@ CGCTGGAGGAGGAGGAGTAGGAG  TCTTTTATCTTTTTCTCCTACTCCTCC
1 AAAAAGATAAAAGA TCCTCCAGCG
V256G AAAGATGCCGCTGTGCTAGGTAAG TTACTTTTTGGCCTTACCTAGCACAG
GCCAAAAAGTAA CGGCATCTT
AK257 GATGCCGCTGTGCTAAATGCCAAA  GGTACCTTACTTTTTGGCATTTAGCA
AAGTAAGGTACC CAGCGGCATC
AE258 GCCGCTGTGCTAAATAAGAAAAAG TGCGGTACCTTACTTTTTCTTATITAG
TAAGGTACCGCA CACAGCGGC
- CTATGCGAATTCATGGCTGATGAT GCATGAGGTACCTTCTTTITGGCCTT
GAGAAAAAG ATTTAG
Troponin K43H GCAAACAGAGATCCCACGAGGAG CTCATCCTCCTCGTGGGATCTCTGTT
T GATGAG TGC
E3l4@ AGACACCCGAGGGCGAGTAGGAC ATCGGCCTTGGCGTCCTACTCGCCCT
GCCAAGGCCGAT CGGGTGTCT
Exportin - GACACCACGGAGAATCAGT GCTCATGGGCTGGTCG
6
Capping - ACGCAGCCCCTAACATAAACAGTG TCAGTTCGATTCGGGCTTGACATTGC
protein B T
rpd9 - TCCTACCACCTTCAAGATGAC GTGTATTCCGACCACCTTACA
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Legend:

e intron
GENE FLANKING REGION
MESSENGER RNA
TRANSLATION INITIATION CODON
FORWARD and REVERSE PRIMER

Actin88F (CG5178)

GTCAACAGGAATCGAACGTGCGACTCTATCCAATTTTTCTCCTTTCGTTGACCTAAAAGGE
gtgtgagtgcgacctcaatgtcgaaggatccaaggattattacagaaaaagccaagaggac
taaggatattaaaactctttttaataagttcggattgtttgatggatttttctacaagtca
ctaatcggtcttcgaaagttcaatatctaaatataaagtgaagagtaattgcaacgaaacg
tattttcaattaatttgatacgtttaaattaagttctatgaactattcttttccgatattt
atagagcactgatttagtttcaagtgaataaccatattagcatgagtcaaaaggaaatgga
atataccaattttggcaatttttcatggttttatttactgaaatgtgctcaaatggacaat
agagtttcacttcacttcttcaatatcttaaaaagttaaatattttcttgagacacaaatt
agttttctatgttgtcattaaagtagtagaatttaaagaattgagatgtaggtgggagcta
taaaactttacatatataatcgacagatcgagctaaccgagtgcacttccatctcccttcc
agATAAACAACTGCCAAGATGTGTGACGATGATGCGGGTGCATTAGTTATCGACAACGGAT
CGGGCATGTGCAAAGCCGGCTTCGCCGGTGATGACGCTCCCCGTGCTGTCTTCCCCTCAAT
TGTGGGTCGTCCCCGACACCAGGGTGTGATGGTGGGTATGGGTCAGAAGGACTCGTACGTG
GGCGACGAGGCGCAAAGCAAGCGCGGTATCCTGACGCTGAAGTACCCCATCGAGCACGGCA
TCATCACGAACTGGGACGACATGGAGAAGATCTGGCATCACACCTTCTACAACGAGCTGCG
CGTGGCCCCCGAGGAGCATCCAGTATTATTGACCGAGGCTCCACTGAACCCCAAGGCCAAT
CGCGAGAAGATGACCCAGATCATGTTCGAGACCTTCAACTCGCCGGCCATGTACGTGGCCA
TCCAGGCCGTGCTCTCCCTGTACGCCTCCGGTCGTACCACCGGTATTGTGCTGGACTCCGG
CGATGGTGTCTCCCACACCGTGCCCATCTATGAGGGCTTCGCCCTGCCCCACGCCATTCTG
CGTCTGGATCTGGCTGGTCGCGATCTGACCGATTACCTGATGAAGATCCTGACGGAGCGCG
GCTACAGCTTCACCACCACCGCCGAGCGTGAGATCGTGCGCGACATCAAGGAGAAGCTGTG
CTACGTGGCTCTGGACTTCGAGCAGGAGATGGCCACCGCTGCCGCCTCCACCTCGCTGGAG
AAGTCGTACGAGTTGCCTGACGGCCAGGTGATCACCATTGGCAACGAGCGCTTCCGCTGCC
CCGAGGCTCTGTTCCAGCCCTCGTTCCTGGGCATGGAGTCGTGCGGCATCCACGAGACCGT
CTACAACTCGATCATGAAGTGCGACGTGGACATCCGCAAGGATCTGTATGCCAACTCTGTG
CTGTCCGGCGGTACCACCATGTACCCTGgtaagacaaatcattcgcttcagecagttgeact
tgtgcttaatcctttggtgcactttcagGTATTGCCGATCGTATGCAGAAGGAGATCACTG
CCCTGGCCCCATCGACCATCAAGATCAAGATCATTGCGCCACCCGAGAGGAAGTACTCCGT
CTGGATCGGTGGCTCCATCCTGGCCTCGCTGTCCACCTTCCAGCAGATGTGGATCTCGAAG
CAGGAGTACGACGAGTCCGGCCCCGGAATCGTTCACCGCAAATGCTTTTAAGTCTTTCGCC
CGCCGCGAAAGCTCTTCAAAGGCAGCAACCAGCAGCGACCAACAAGCACCCATCGAGCTAC
CCAACAACCTCGGCTCGGACAGTGATAGACAAAAGCAGCGAACCCATCGCACAACAATTAT
cATCCAACTCAGATTCACAGCAGATAATCAGAGGCAACCTCCGGTTGTCGGTGCTCATCCT
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TCATGGCCATTTCATCGGCAGCGGTATAGCGGATTTTTACTTTGAAGAACTAATCGTAAGA
GTCGTGGCTGTGCTCCATGTCGAGTAGCAATCAAATGTATATGAGGAGCTTTTAACCCTAG
TCAGTGAATTGAAAGCCAAATATATCTTCCATTAAAACTATTAAATATTTT

a-actinin ABD (A28450) (1-807 bp coding sequence)

ATGGATCATCACTACGACCCGCAGCAGACCAACGATTACATGCAGCCGGAGGAGGACTGGG
ACCGGGACCTGCTCCTCGACCCGGCTTGGGAGAAGCAGCAGCGGAAGACATTTACAGCATG
GTGTAATTCTCACCTCCGCAAGGCTGGGACACAGATTGAGAACATAGAGGAAGATTTCAGG
GATGGTCTTAAACTCATGTTACTTCTGGAAGTCATTTCAGGTGAACGTTTGGCTAAGCCCG
AAAGAGGCAAAATGCGAGTGCACAAAATATCCAACGTGAACAAGGCCTTGGATTTCATTGC
CAGCAAAGGAGTCAAACTAGTATCAATTGGAGCAGAAGAAATTGTGGATGGCAACGTTAAA
ATGACTCTTGGAATGATCTGGACCATCATCCTTCGTTTTGCCATTCAGGATATCTCAGTTG
AAGAGACATCTGCTAAAGAAGGACTTTTGTTATGGTATCAGAGGAAGACAGCTCCCTACAA
ABRATGTAAACATCCAGAACTTCCATATCAGTTGGAAAGATGGCCTTGGTTTCTGCGCTTTA
ATTCACAGACATCGTCCAGAGCTCATTGATTACGGGAAGCTACGAAAGGATGATCCTCTCA
CTAATCTAAACACAGCCTTTGATGTAGCTGAAARAATATCTGGATATCCCCAAGATGCTGGA
TGCAGAAGACATTGTTGGAACTGCCCGTCCTGACGAGAAAGCCATCATGACCTATGTTTCT
AGCTTCTACCACGCCTTCTCAGGAGCCCAGAAGGCGGAGACAGCAGCARATCGTATTTGCA
AGGTTCTGGCAGTC

Capping protein b (CG17158)

AATAATCGGGCTGTGTTCCAGCTCTAGCACACCATAGCAAAAATAAAAAATCCTAATAATA
AGGAAAAAGAGTCAATTTAGTGCAATCACTTGCAATATAAGCCCGAAATCCTAGCTAGAGT
TTAAGATCGGCCCTGCTCAGCGAACGCAGGCCCCTAACATAAACAGTGTAAAACTATCGAA
ACAAGGGAAAGCAGAAAGTACCAAAATGgtgagtaatactacaatagtaacaagaaaaaaa
agcaggccaacaaacggtgtttttggtcggaaccgcccattctgcaagccaaatattcttg
gcaatcacctaatccaccgagaaaacctccagaggggcggcggcctgtggcctcaaataat
gcccatatatggtaatccctggtttgccgggtggcagtggaaagcggagggattttttggg
ctctcttatcggcggtggtgcagtgactcaaattcaatttcactggtgtectettcetectcet
cttctcagTCGGAAATGCAGATGGACTGTGCTTTGGATCTGATGCGGAGGCTGCCGCCCCA
GCAGATCGAGAAGAACCTTATTGATCTGATAGACTTGGCACCGGATCTCTGCGAGGACTTG
CTCTCCTCCGTGGACCAGCCGCTGAAGATCGCCAAGGACAAGGAGCACGGCAAGGACTATC
TGCTGTGCGACTATAACCGGGATGGGGACTCCTACAGATCGCCCTGGTCGAACTCCTACTA
TCCGCCGCTGGAGGATGGCCAAATGCCCTCGGAACGACTGCGCAAACTGGAAATCGAGGCG
AACTATGCCTTCGATCAGTACAGGGAGATGTACTACGAGGGAGGCGTCTCCTCCGTCTACC
TATGGGATCTGGATCACGGGTTTGCCGCCGTTATACTGATCAAAAAGGCGGGAGATGGCAG
CAAGATGATCCGCGGCTGCTGGGACTCCATCCATGTGGTCGAGGTACAGGAGAAGACCACC
GGCAGGACGGCCCACTACAAGCTCACCTCCACGGCAATGCTCTGGCTGCAGACCAACAAAC
AGGGTTCGGGAACCATGAATCTGGGCGGATCCCTCACCCGGCAGCAGGAGCAGGACGCCAA
CGTCAGCGAGTCGTCGCCGCACATCGCCAACATTGGCAAGATGGTCGAGGAGATGGAGAAC
AAGATCAGGAACACCCTGAACGAGATCTACTTTGGCAAGACCAAGGACATCGTGAACGGAC
TAAGGAGCACACAATCACTGGCCGATCAGCGCCAGCAGGCGGCCATGAAGCAGGACCTCGC
AGCGGCAATCCTGCGACGCAATGTCAAGCCCGAATCGAACTGGTACTGAGCGGCTGAAGGC
TGAATTTCCACATAAACCAATCCAGTCCAGGGGCGTCCCACAAGCTGGCTGCTCCCAAGAA
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GAGCGCAGCAATATTCGAATTGCAAGGCACTGTTGTCACCACTAAATATTGTCATAAATAT
AAATAATTTTCATAATATTTCGGCTGCACCCACCCAATTCGCTGTTACTCGCCCAATTGTG
TTGAGCAGCTCCGTGGAGGACTCCGCTTGGACTGGACTAAAGAGCTGACTAAAAAATATTA
AATACGCATTTCTAGGCAGTAAATTTGTTACATGAGAAAATTGTTACACCACGAGAAGCAC
ATTAATGTAAATTTTGCCCGCCCGTTTCAACTGTCCTCCCACATTGTTGCCGTTTGGAGTC
GCGCTTCATCCAGAGTTCAGCCGAARAATGCCAACTTCGCCGCCCTCAAGACAGTATCCATA
AGTATTTGTATCTTATTTGTAATAATGCATATTTGCACCGAAGTCGAGGCACTTGCGTTTC
GTTCTTAATCCTTCCGCGAATAAATATTGTGTTTATTAATTGTAACTTTGTGTTTGTGTGT
AATCTAACAGTAAGGCGCTCGAAGCAAAATATTAACTGAAATCGCTTTGTGATTGTATTAT
CTGAGGAAATGCACATTACCTTTCTTCTTTACTTAATATTTTTTAACTGAAATTTGGAAGG
CAAGAGAAATTTTATACAAAGAAACTAATAAATATTGAATTACAA

Exportin 6 (CG3923)
(Only part of the gene sequence is shown so as to indicate the amplified regions)

GCCAGCCGTGCGGAATTTGTTCACTTTCCCGGAGTAGATTTTGGCCACCTTTTGTGTAAAG
ACACAAAGAAAACCATGCAATTAATGGACGCCGACTGCTGATGCGATCGGAATTAGAACCG
CGAGCAAGCGGAGCTCACAGTGACCGTAACATCCAGATCACAGATACTCGGAAGGATCGTA
AAGGACACGGAAAATGgtgaggcggggggctccgggccaaacgcactattttgecagtgat
tcagagtgattccacctaaccgggaattggtttccacccacccactgtetgtgeagCACGE
CGCATCTTTGACGACGGTGGAGGGACTGCTGCAGGAGTTTTATCAGCCCAGCACCTCCAAT
GCCCGGAAACGAGAGATCGAGACAAACCTCTTGGCCTTCAAGTCCCAGCCAGAGGCGTGGC
AACTTTGCCTCCGTGTGGCCACCTCTTCCGACACCACGGAGAATCAGTTCCTCTGGTTCTT
CAGCACCTCAACCTTGGAGCACACAATCACGCGGAGATGGACACAGTTGACGTCCACGGAC
AAGACTTTGCTGCGGGAGACCCTTTGGAACTCGTATGCCCAACTGGTAGCCACTCCAAATG
TGGCCAAACGGCACAGGGACACACTGGCCCAGTTGATAGCCCTACTCGGAAAGAGGGAGTT
CCCTGAACAGGACCCCAATTACATGCAACACTGCATGGAACTGACAAAAACACGGTTTCAA
CTTGGCATCAACCTGCTTAAGATCACCTCCGAGGAGGTGGTAAGCAACAGGGGCGACCTGA
CCACCGAATGGAAGCAGTACTTCTACTCCTGgtgggtaaatagagcgaagaggctaaaatce
gtatgttttttaaaaaaggttttgtagtcccatacttttaatgtctgtttaagactacttg
gatttttaactgagtacggcgtatcagatggtcgatgttttcgagcatagcgtatttttat
tattaactttggtgttatttgtttaaatacacgattgcgtcgcacaacatagaataacaca
atcccagaccttgtcagtccgttecttgtttttggtttattaataagtgttatattgagatt
gagtatgtatatggcataacaactaaagtcagctgacctcttaaaactcaactaattgaac
cgttaacccagttatcatattatattgctttgttgagagaaagcactataattactggtca
gttgccacagcactgttcctaacccattttgtgctcccttttgccgtgtgtttctgtagCA
TCTCCATGTGTGTACCCGATGTTCTGGACCTGGTAACCAAGTATCTGCTAATCGCTGTATG
CCACATCAATGGCAAAGACATCCAAACAACCATACCAAACACCCTCATGGACTTTAGTCTA
ACCTCAGCGCTGCCAAATGACAATCAATTAAthgggtcatcataacattcaaaagagcat
atgttcattacaacattttgttataacatctctctatatactccgcaGTTCCTCAATTTTG
GACCTGCTAGGATGTGTGCAGCACTTGGTCTCCTGGATACGCACTGAACTGATCTCGGAGT
ACTTCCTTATGAGCATACTTGACCTTTCCCAGTGGCGACCAGCCCATGAGCCCATCTCCTT
GGCGGCTCTCTCTGTGTTGAATGAGCTCCTCTACCTCCAGAAGCCACTGCCCTTCCCAGGA
CCCTTGATGGGCGGCGTTACCAGCCTCCTGGAGCAGCACAATAACAATCGGCGGCAGAGCG
AGATGTACAGCGACAAGTTTCGGGAGCTGCTGCGCCTCTACACCACCAAGTATGCCGCCAA
GCTGATGCAGGAGCCAGACCTGCTGGAGACCTTTCTCAATCTGCTATACAGCTGCACCACT
GAATgtgagtcgcgtgataaaaatattgccttttgagatgctaacttattttttattttga
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gatgatctttttgctgtgtagtcataaaacactcgcaatattaaatgggttatgtgcatct
cgtgatcgagatttcgaaatgtcgttgacaaagatatataacaaaagttattaattttgta
ttccccaaacag

Troponin I (CG7178)

(Only the IFM specific gene coding sequence is shown)

ATGGCTGATGATGAGAAAAAGGCAGCAGCTCCGGCCGCAGCTCCAGCGGCGGCGGCCAAAC
CGGCGGCTCCGGCAGCAGCCCCGGCGGCCAATGGCAAGGCTGCTCCGGCGGCCAATGGAAA
GGCTGCTCCGGCAGCTGCCGCCGCTCCCGCCGGTCCGCCCAAGGATCCCAACGACCCCAAA
GTGAAGGCCGAGGAGGCTAAGAAGGCTAAACAGGCTGAGATCGAGCGCAAGCGTGCTGAGG
TGCGCAAGCGCATGGAGGAAGCCTCCAAGGCCAAGAAGGCCAAGAAGGGTTTCATGACCCC
AGAGAGGAAGAAGAAACTCAGGTTGCTGCTGCGTAAGAAAGCCGCTGAGGAGCTGAAGAAA
GAACAGGAACGCAAAGCGGCTGAACGTAGACGCATCATCGAAGAACGTTGCGGCAGTCCCA
GGAATCTCAGCGATGCCAGCGAAGGCGAATTGCAAGAGATTTGCGAAGAGTATTACGAGCG
TATGTATATTTGTGAAGGCCAGAAATGGGATCTGGAATACGAAGTCAGGAAAAAAGACTGG
GAGATCAACGATCTCAATGCCCAAGTTAACGATCTTCGCGGCAAGTTCGTCAAGCCAGCCC
TGAAGAAGGTCTCCAAATACGAARAACAAATTCGCCAAGCTGCAGAAGAAGGCCGCTGAGTT
CAACTTCCGCAACCAGCTCAAGGTGGTGAAGAAGAAGGAGTTCACGCTGGAGGAGGAGGAG
AAGGAGAAAAAGATAAAAGATGCCGCTGTGCTAAATAAGGCCAAAAAGTAA

Troponin T (CG7107)

(Only the IFM specific gene coding sequence is shown)

ATGTCCGACGATGAAGAGTACACAGGAGAGGGCGATCCAGAGTTCATCAAGCGTCAGGACT
AGAAGCGCTCCGACCTCGATGATCAGCTGAAAGAATACATCACCGAGTGGCGCAAACAGAG
ATCCAAGGAGGAGGATGAGCTGAAGAAGCTGAAGGAGAAGCAGGCCAAGCGCAAGGTCACC
CGCGCCGAGGAGGAGCAAAAGATGGCCCAGCGCARGAAGGAGGAGGAGGAGCGCCGTGTCC
GTGAGGCTGAGGAGAAGAAGCAGCGCGAGATCGAGGAGAAGCGCATGCGTCTCGAGGAGGC
CGAGAAGAAGCGCCAGGCTATGCTGCAGGCCATGAAGGACAAGGACAAGAAGGGCCCCAAC
TTCACCATTGCCAAGAAGGATGCAGGCGTGTTGGGACTCTCGTCCGCCGCCATGGAACGCA
ACAAGACTAAGGAACAGTTGGAGGAGGAGAAGAAGATCTCGCTGTCGTTCCGCATCAAGCC
CTTGGCCATCGAAGGATTCGGCGAGGCTAAGCTGCGCGAGAAGGCCCAGGAGCTGTGGGAG
CTCATTGTCAAATTGGAAACTGAGAAGTATGACTTGGAAGAAAGGCAGAAACGTCAGGACT
ACGATTTGAAAGAGTTGAAGGAAAGACAGAAGCAACAGCTCAGGCACAAAGCCTTGAAGAA
GGGTCTCGACCCGGAAGCTTTGACTGGCAAATACCCGCCCAAGATCCAAGTCGCCTCCAAG
TATGAGCGACGTGTGGACACCCGCTCTTATGACGACAAGAAGAAGCTCTTCGAGGGTGGCT
ATAATACGGTCTATGCGGAAACCTTAGAAAAGACCTGGCAAGAAAGACAGGAAAGATTCAC
TCAGCGCACAARATCCAAACTGCCAAAGTGGTTCGGCGAGCGACCAGGCAAGAAGGCCGGT
GAGCCCGAGACACCCGAGGGCGAGGAGGACGCCAAGGCCGATGAGGACATCGTCGAGGATG
ATGAGGAGGTCGAGGAGGAGGTCGTCGAGGAGGAAGATGAGGAGGCCGAGGAGGATGAGGA
GGAGGAGGAGGAGGAAGAGGAGGAAGAAGAGGAAGAGGAGGAGGAAGAGGAGGAGGAGGAA
GAAGAGGAAGAGGAGGAGGAGGAATAG
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Appendix III

A typical fluorescent anisotropy setup is shown in figure.

N ; 4
——-‘ﬁ-—’
@ -‘/l\\
Detector

Figure 1. Schematic layout of the fluorescent anisotropy setup.

Fluorescence anisotropy () is:

h -1

1+ 2l

where /| is the fluorescence intensity of vertically polarized emission and /v is the intensity
of horizontally polarized emission with both symbols referring to emissions when the
sample is excited by vertically polarized light.
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Abbreviations

Abbreviations
A Angstrom
A Adenosine
A A280 absorbance
oA o-Actinin
ABD Actin binding domain
ABP Actin binding protein
ADP Adenosine diphosphate
Act88F Actin88F
AM Actin filament aggregate myopathy
Amp Ampicillin
ATP Adenosine-5'-triphosphate
BDM 2,3-butanedione monoxime
bp Base pairs
c Protein concentration
C Cytosine
CAL Calponin homology domain
CaM Calmodulin
CAM Congenital actin myopathies
Cc Critical concentration
CCD Charge-coupled device
C. elegans Caenorhabditis elegans
CFTD Congenital fibre type disproportion
CH Calponin homology
Cm Chloramphenicol
CP Capping protein
cpa Capping protein a
cpb Capping protein b
cps Counts per second
CSA Cross sectional area
c.V. Column volume
Cy5 Cyanine Dye 5
55g d-sarcoglycan
DA Distal arthrogryposes
Da Dalton
DAPI 4',6-diamidino-2-phenylindole
Dg Dystroglycan
DLM Dorsal longitudinal muscles
DNA Deoxyribonucleic acid
dSMN d Spinal muscular atrophy
dNTPs Deoxyribonucleotide triphosphate
dsRNA Double stranded ribonucleic acid
DTT Dithiothreitol
DVM Dorso ventral muscles
Dys Dystrophin
£ molar extinction coefficient
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Abbreviations

EDTA
EGTA
EM
EMS
ENU
ERC
ESI-MS
Fab
FAM
FITC
G
GFP
hdp
HC
HMM
IFM
Ig
IgG
IPTG
IR

kb
kDa
K4
kPa

lo

L

LB
LMM
LOM
M

ne
pl
uM

pm
MALDI-TOF
MS
MF
mg
MHC
min
ml
Mol

- mRNA
N
nbr
NEB
NES
NM

Ethylenediaminetetraacetic acid
Ethylene glycol tetraacetic acid
Electron microscopy
Ethyl-methane sulphonate
ethyl-N-nitrosourea

Essential light chain
Electrospray ionisation mass spectrometry
Fragment antigen binding
5-carboxyfluorescein
Fluorescein isothiocyanate
Guanine

Green fluorescent protein
Held-up

Hypercontraction

Heavy meromyosin chain
Indirect flight muscles
Immunoglobulin-like
Immunoglobulin G
Isopropyl-beta-D-thiogalactopyranoside
Intranuclear rods

Kilo base

Kilo dalton

Equilibrium dissociation constant
Kilopascal

Myofibril length

Litre

Luria-Bertani broth

Light meromyosin chain

Larval oblique muscles

Molar

Microgram

Microlitre

Micromolar

Micrometre

Matrix-Assisted Laser Desorption Ionisation — Time Of Flight

mass spectrometry
Myofibril

Milligram

Myosin heavy chain
Minute

Millilitre

Moles

Messenger ribonucleic acid
Number of

Number

Nebulin

Nuclear export signal
Nemaline myopathy
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Abbreviations

nm
P
PAGE
PBS
PCR
pdb
PMSF
R?
RLC
RE
RNA
RT
SDS
Sls
SMA
SMN
siRNA
SL

SN

T
TILLING
TC
TCM
TDT
TEM
TEMED
Tm

Tm
Tmod
TnC
Tnl
TnT
TRITC
UAS

up

Nanometre

Pellet

Polyacrylamide gel electrophoresis
Phosphate buffered saline
Polymerase chain reaction

Protein databank
Phenylmethylsulphonyl fluoride
Square of the correlation coefficient
Regulatory light chain

Regulatory element

Ribonucleic acid

Reverse transcriptase

Sodium dodecyl sulfate

Sallimus

Spinal muscular atrophy

Survival motor neurons 1

Small interfering RNA

Sarcomere length

Supernatant

Thymine

Targeting-induced local lesions in genomes
Tendon cells

Tendon cells and muscle

Tergal depressor of the trochanter
Templates

N, N, N’, N’- tetramethyl ethylenediamide
Tropomyosin

Melting temperature

Tropomodulin

Troponin C

Troponin |

Troponin T

Tetramethylrhodamine isothiocyanate
Upstream Activating Sequence
Upheld
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