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Definition
Substitution of Glu173 for Ala in Tpm3.12 (E173A) is associated with congenital muscle weakness. It was
found that this mutation increases myoﬁlament Ca2+-sensitivity and inhibits in vitro actin-activated ATPase
activity of myosin subfragment-1 at high Ca2+. In order to determine the critical conformational changes in
myosin, actin and tropomyosin caused by the mutation, we used the polarized ﬂuorimetry technique. We
observed changes in the spatial arrangement of actin monomers and myosin heads, and in the position of
the mutant tropomyosin on the thin ﬁlaments in muscle ﬁbres at various ATPase cycle stages. At low
Ca2+ the E173A mutant tropomyosin shifts abnormally towards the inner domains of actin at all stages of
the cycle. The number of switched-on actin monomers and strong-binding myosin heads increases even at
relaxation. Contrarily, at high Ca 2+ the amount of the myosin heads strongly bound with F-actin slightly
decreases. The changes in the balance of the strongly bound myosin heads in the ATPase cycle may
underlie the occurrence of muscle weakness. W7, an inhibitor of troponin Ca2+-sensitivity, restores the
number of strong-binding myosin heads at high Ca2+ and inhibits it at relaxation, suggesting the possibility
of using Ca2+-desensitizers to reduce the damaging eﬀect of the E173A mutation on muscle ﬁbre
contractility.

1. Introduction
Contraction of skeletal muscle is regulated through the thin ﬁlaments, which contain actin, tropomyosin
and troponin

[1].

When the intracellular concentration of calcium changes, tropomyosin associated with

actin and troponin shifts on the surface of the actin ﬁlament, opening or closing the sites for binding of the
myosin heads on actin. The electrostatic nature of the actin-tropomyosin interaction and ﬂexibility of actin
[2][3]

and tropomyosin

can explain the dynamic displacement of tropomyosin relative to the outer and inner

actin domains (between the blocked, closed and open positions) during contraction

[2][4][5][6][7].

The

change in the position of the tropomyosin strands relative to the actin inner domains is due to the
diﬀerence between tropomyosin and F-actin in their bending ﬂexibility (therefore, variation in the
persistence lengths of these proteins
tropomyosin strands. When

Ca2+

[4][8]

), which presumably causes an azimuthal shift of the

binds to troponin-C, some actin monomers change their conformation to

the switched-on state, and the persistence length of the actin ﬁlament decreases. At the same time, the
tropomyosin persistence length increases, and tropomyosin moves towards the actin inner domains, partly
exposing the myosin-binding site (closed position). At low Ca2+, troponin-I interacts with actin [9], switching
thin ﬁlaments oﬀ, which leads to spatial rearrangement and an increase in the persistence length of the
actin ﬁlament. At the same time, the tropomyosin persistence length decreases and tropomyosin is
delayed in a position close to the outer actin domains (the blocked position). In this state of the thin
ﬁlament (the “oﬀ” state), the strong binding of myosin with actin is inhibited. When the myosin heads are
strongly bound to the F-actin ﬁlament, the actin monomers are switched-on, the persistence length of the
actin ﬁlament decreases, and that of tropomyosin increases. In this state (the “on” state), the tropomyosin
strands completely expose the binding sites of F-actin to myosin and, therefore, initiate muscle
contraction. It was also found that tropomyosin can bind to the myosin head, regulating the binding of the
latter to actin

[10]

. Consequently, tropomyosin, which is associated with both actin and troponin, is able to

bind the myosin head and is also a central link in the regulation of actin-myosin interaction.
In skeletal muscle there are three main tropomyosin isoforms which are encoded by the TPM1, TPM2 and
TPM3 genes

[11].

Mutations give rise to a wide spectrum of clinically, histologically and genetically variable

neuromuscular and cardiac disorders

[12].

The numerous point mutations in TPM3 gene were found in

patients with such congenital pathologies as nemaline myopathy, distal arthrogryposis, congenital muscle
[13]

ﬁbre type disproportion, cap-myopathy

[13].

The E173A mutation in Tpm3.12 encoded by the TPM3 gene

was detected in a 7-year-old boy with hypotonia, feeding diﬃculties, motor delay and scoliosis, requiring
non-invasive ventilation while ambulant [14]. Muscle biopsies showed ﬁbre type disproportion. However, the
molecular mechanisms underlying the muscle ﬁbre dysfunction caused by this mutation are unknown.

2. Methodical approach and research results
We studied the eﬀect of the E173A mutation in recombinant Tpm3.12 on actin-myosin interaction at
diﬀerent simulated stages of the ATPase cycle (±Ca2+). Conformational changes in actin, myosin head (S1)
and tropomyosin modiﬁed by ﬂuorescent probes were studied in the ghost muscle ﬁbres using polarized
ﬂuorimetry, a well-established technique for this application

[15][16]

.

The results show that tropomyosin with E173A replacement aﬀects the proportion of the switched-on and
switched-oﬀ actin monomers, the balance of myosin subfragment-1 (S1) strongly and weakly bound with Factin, and the tropomyosin position during the ATPase cycle. It is assumed that the E173A mutation
weakens the ability of troponin-C to switch actin monomers on and activates the strong binding of the
myosin heads to F-actin at low Ca2+ by suppressing the troponin-I ability to switch actin monomers oﬀ, and
also induces the appearance of the strongly bound myosin heads (the rigor-like myosin heads) at
relaxation, which may be one of the causes of muscle weakness. We suggest that replacing negatively
charged glutamate 173 with neutral hydrophobic alanine may cause the salt bridge between tropomyosin
residues 173 and 169 to break, and as a result, partially destabilize the tropomyosin molecule in the region
of the site for tropomyosin binding to troponin-T. The alteration in the tropomyosin to troponin-T interaction
can result in disruption of the ability of troponin to switch the thin ﬁlaments on and oﬀ. This can lead to
inhibition of the ATPase activity at high Ca2+ (a decrease in force production) and increase in the Ca2+sensitivity and the appearance of the rigor-like myosin heads at relaxation. The so-called rigor-like crossbridges can be one of the reasons for contractures and disorganization of muscle ﬁbres.

It seems important to reduce the eﬀect of the E173A mutation. The Ca2+-desensitizer W7 is able to restore
the ability of troponin to activate the strong binding of the myosin heads to F-actin at high Ca2+ and to
reduce the number of rigor-like myosin heads at relaxation. However, W7 does not restore the ability of
troponin to switch the thin ﬁlaments oﬀ at low Ca2+. Therefore, W7 can be used more likely to reduce the
damaging eﬀect of the E173A mutation on muscle contractility.
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