
Public Abstract
First Name:Joel
Middle Name:Christopher
Last Name:Robinett
Adviser's First Name:Kerry
Adviser's Last Name:McDonald
Co-Adviser's First Name:
Co-Adviser's Last Name:
Graduation Term:SP 2017
Department:Physiology (Medicine)  
Degree:MS
Title:Myofibrillar Regulatory Mechanisms of Stretch Activation in Mammalian Striated Muscle

Stretch activation is described as a delayed increase in force after an imposed stretch.  This process is
essential in the flight muscles of many insects.  Insects employ stretch activation in order to elicit 10-40
wing beats per neural signal.  Stretch Activation is also observed, to some degree, in mammalian striated
muscles.  Studies have shown that the cardiac ventricle utilizes a torsional contraction in order to maximize
ejection of blood (Epstein, N.D and Davis, J.S., Circulation Research, 2006).  It was postulated that the
more forceful epicardial contraction may stretch-activate the endocardium, allowing for a coordinated
twisting of the ventricle for optimal wringing and ejection of blood.  Stretch activation is thought to occur in
oscillatory muscle groups such as insect flight muscle or cardiac muscle.  However, skeletal muscle can
function in repetitive oscillatory manner if one considers the contraction/relaxation cycle of a muscle during
repetitive activity.  When a muscle group and its antagonist muscle group is taken into consideration, a
scenario for potential stretch activation arises; for example, during running, contraction of the hamstrings
may stretch the quadriceps as they are beginning to be activated for the next cycle of knee extension. 
Stretch activation would possibly occur in skeletal muscle via the following mechanism in leg muscles, a
neural signals activate quadriceps muscle group; the quadriceps contract, which stretches hamstrings just
when the hamstrings are beginning to be activated; Stretching yields additional activation of the hamstrings;
the hamstrings contract and shorten, which leads to stretch activation of the quadriceps muscle group.  The
mechanism of stretch activation remains uncertain, although it appears to involve cooperative activation of
the thin filaments of the striated muscle (Campbell, K.S., Biophysical Journal, 2006; Stelzer, J.E. et al.,
Circulation Research, 2006).  The purpose of this study was to address myofibrillar regulatory mechanisms
of stretch activation in mammalian striated muscle.  For these studies, permeabilized rat slow-twitch and
fast-twitch skeletal muscle fibers were mounted between a force transducer and motor, and a slack-re-
stretch maneuver was performed over a range of Ca2+ activation levels.  Following slack-re-stretch there
was a stretch activation process that often resulted in a transient overshoot of force (PTO), which were
taken as evidence for stretch activation.  PTO was highly dependent upon Ca2+ activation level and the
relative magnitude of PTO was greater in slow-twitch fibers than fast-twitch fibers.  In both slow-twitch and
fast-twitch skeletal muscle fibers, force development (following slack-re-stretch) involved a fast, Ca2+
activation dependent process (k1) and a slower, less activation dependent process (k2).  Interestingly, the
two processes converged at low levels of Ca2+ activation in both fiber types.  Transient force decay rates
progressively slowed as Ca2+ activation levels increased and were more Ca2+ activation dependent in
slow-twitch fibers.  These results suggest that stretch activation may not be solely regulated by the extent of
apparent cooperative activation of force due to a higher relative level of stretch activation in the less
cooperative slow-twitch skeletal muscle fiber.  Next, we investigated the effect of PKA treatment on stretch
activation in mammalian striated muscle.  Along these lines, our lab has previously observed that PKA-
induced phosphorylation of cMyBP-C and cTnI elicited a significant increase in transient force overshoot
following slack-re-stretch maneuver in permeabilized cardiac myocytes (Hanft, L.M. & McDonald, K.S., Am
J Physiol Heart Circ Physiol, 2009).  Interestingly, in slow-twitch skeletal muscle fibers MyBP-C but not
ssTnI is phosphorylated by PKA (Hanft et al., Arch Biochem Biophys, 2016).  We, thus, took this as a model
to investigate the effects of PKA-induced phosphorylation of MyBP-C on stretch activation in slow-twitch
skeletal muscle fibers.  Following PKA treatment of skinned slow-twitch skeletal muscle fibers, the
magnitude of PTO more than doubled, but this only occurred at low levels of Ca2+ activation.  Also, force
redevelopment rates were significantly increased over the entire range of Ca2+ activation levels following



PKA treatment.  In a similar manner, transient force decay rates showed a tendency of being faster
following PKA treatment.  Overall, these results are consistent with a model whereby stretch transiently
increases the number of cross-bridges made available for force generation and PKA phosphorylation of
MyBP-C enhances these stretch activation processes.  Modulation of stretch activation in mammalian
skeletal muscle could potentially lead to greater force per stride and/or increased stride rate while running.


