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Abstract

It is to be essential not only for higher organisms but also for lower multicellular ones
to recognize outer world and environment. Human as well as most animals keep posture,
balance and stand against gravity on the earth. A musculo-skeletal system developed in
animals is useful for this purpose. The musculo-skeletal system can produce mechanical
energy by attaching to the bone via tendon (specified ECM), that is, to make the fulcrum.
Most cells, in culture and vital organisms except blood cells have characteristics to attach
the bottom of the dishes or the ECM (extracellular matrix). It seems that they can move
or work against this fulcrum. Cells have cytoskeletal network to keep their cell shape. This
relationship is like one between skeletal muscles and their attaching bones in human body.
This cellular cytoskeleton is dynamically regulated to form and to be broken down
corresponding to  extracellular stimuli. This dynamic regulation needs energy. Recent
researches have shown essential roles of the cytoskeleton of the cells to transport chemical
signals, mRNA and various factors between nucleus and various organelles such as
mitochondria, lysosome, endoplasmic reticulum in the cells. Even in nucleus, nuclear matrix
plays a role for DNA organization and for gene expression. Nuclear matrix is composed of
the similar various isoforms of cytoskeletal proteins and other nuclear specific proteins.
Maintenance of cytoskeletal network needs energy. Energy shortage such sa ATP depletion
induces breakdown of cytoskeleton and results in forming blebs and dying in apoptosis.

Animal including human seems to utilize rather stretch responses and develop stretch
responsive system to respond to mechanical works in cell to human body, than gravity
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responsive system. The function of skeletal muscle is to develop. tension The physical
interaction of contractile motor proteins typically composed of myosin and actin, sliding,
produces motility, but the sliding motility results in tension by connecting to filamentus
network of Z-bands. This contractile unit from Z — to Z-band is called as sarcomea. On
the otherhand Z-bands are connected to ECM (basal lamina) by cell membrane and further
to skeletal system.

Muscle tissue can increase and/or decrease its weight to adapt mechanical stimuli We
named this ability as “ muscle plasticity ” like in the case of ‘ brain plasticity’. * Plasticity’
is the quality of being plastic (easily formed into various shapes be pressing and kept the
shape). Such remodeling such as muscle hypertrophy needs long hours, since these process
associates with the increase of materials inevitable for protein synthesis and/or degradation
and gene expression. We should know the mechanism of protein synthesis and/or
degradation and gene expression in order to know the mechanism of muscle plasticity and
training effects. The cell is able to responsd for their stimuli using units of machines of the
cell, cellular organelles such as nucleus, ribosome, mitochondria and endoplasmic
reticuium.We must think about the mechanism of muscle plasticity and training effecet from
the standpoint of the living cell. We believe we can .get more training effect if we adopt
higher intensity of exercise and/or of muscle contraction. Why ?

In another case, muscle reogranizes sarcomere length when fiber length is changed
(either shortened or lengthened). Keeping muscle length to a given length is essential for
skeletal muscle to functionate. If a muscle is continuously kept to be stretched, the muscle
seems to increase sarcomere number, and if shortened, the muscle seems 10 decrease the
number and readjust that. Why the length of muscle fiber or stretch stimulus is essential
for muscle growth or hypertrophy and differentiation? The changes of fiber type, protein
synthesis, transcriptional changes, translational alteration and satellite cell and/or nuclear
numbers are intensively studied in recent years.

The mechanical stimulus of muscle contraction by myosin/actin motor system can be
conducted through cystoskeletal system to the nucleus. These close relation between
structure and function observed in skeletal muscle system and DNA/protein interaction in
the cell controlling life show the importance of physical exercise in our life.
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R TeDITE A BEMBBRE»S ET VL THHEO B2 HNZbDOTHSB, 551 &
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