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Abstract: Disuse-muscle atrophy, especially both in space and in aged peoples on the 1G earth,
is severe problems not only to keep cell survival in our body working in activity-dependent
fashion, but also to maintain whole body activities. Alpha B-crystallin, one of small heat shock
proteins, is constitutively expressed in heart and slow skeletal muscles, both express slow
myosin with high oxidative metabolism, resulting in creating high endurance, and functions as
molecular chaperone necessary for endurance. During stress, such as heat, oxidative, and
mechanical stresses, alpha B-crystallin protects proteins from stress-induced denature and
aggregate, in consequence, improves the cell survival. It has been reported that alpha
B-crystallin is involved in the stabilization and the regulation of cytoskeleton, such as
intermediate filament, actin and tubulin/microtubule, especially their free forms. Two
cytoskeleton systems of actin and tubulin/MT, which are called as “treadmilling” or “dynamic
instability”, are maintained dynamic condition with chemical equilibrium of free and
polymerized forms, at least in proliferating cells. Recently it has been reported that alpha
B-crystallin displays a very distinct cross-striated sarcomeric staining after severe heat shock
(45°C). Since alpha B-crystallin does not associate with free tubulin of soleus muscle cells under
4°C but under 37°C by immunoprecipitation analysis shown in our previous work. From these
results, conditions of inner environment in our mammalian body are workable in narrow
conditions to produce homeostasis, which is kept with molecular chaperone essential for protein
homeostasis. The purpose of the present study is to investigate the dynamic view of alpha
B-crystallin in living beating myocardial cells under both normal temperature and heat shock
conditions by the use of time-lapse imaging system. We used green fluorescent protein (GFP)
fused with alpha B-crystallin and it was expressed in rat neonatal myocardial cells. GFP-alpha
B-crystallin transiently expressed in beating cardiac myocyte showed a striated pattern under
normal condition. In contrast, GFP alone did not show a striated pattern in the same condition.
Moreover, to investigate dynamic property of alpha B-crystallin in cardiac myocytes, fluorescent
recovery after photobleaching (FRAP) analysis and fluorescent loss in photobleaching (FLIP)
analysis of GFP-alpha B-crystallin indicated that the mobility of GFP-alpha B-crystallin in
normal state is faster than during heat shock. These results demonstrated that the function of
alpha B-crystallin is to work as molecular chaperone for structural proteins constituting of
Z-bands of sarcomere and/or cytoskeleton, which should be also dynamically regulated during
normal continuous beating. Beating itself under body temperature may be associated with
folding/unfolding of Z-band proteins including the cytoskeleton. Both antigravity soleus and
heart muscles highly express three proteins of tubulin, alpha B-crystallin and slow (o/f myosin).
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One of factors to induce atrophy in space will be related to convection, which may influence the

changes of protein dynamic, typically shown in cytoskeleton systems. Changes of sHSPs

including alpha B-crystallin may good indicator to assume subtle and difficult mechanism to

understand gravity-relating mechanism of our dynamic animal organism in space.
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Fig. 1 GFP-alpha B-crystallin expressed in living
myocardial cells. a: GFP-alpha B-crystalin in beating
myocardial cells forms a striated pattern. After
photobleaching, the bleached GFP-alpha B-crystallin
recovers their fluorescence within 1 min. b: After heat
shock GFP-alpha B-crystallin colocalizes with Z band, I
band and M band, and the photobleached fluorescence
does not recover in a few hours (figure not shown). c:
GFP alone.

This document is provided by JAXA.



