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Abstract

The importance of small heat shock protein HSP in geroscience is increasing. We believe that research
progress from life science should contribute to well-being. Molecular chaperone studies are considered
superior when performed on model substrates and model animals. However, by itself, concrete
measures for extending the healthy life of human beings are not provided. It is important to analyze the
cell-animal-human results, interpret the relationship, and promote comprehensively studied HSP
research. αB-crystallin (CRYAB) was identified for key molecule to explain the mechanism of exercise
adaptation of slow-twitch muscle for a long ago. It is only human beings that stand up against gravity
and move all day in their standing position. With CRYAB and tubulin/microtubule as a key word, we
will introduce the principle of clarifying not only cells but also how to control the human body.
Mechanistically fiber structure produced after protein assembly has not only multifunction but also is
available as materials to make “body” and can sustain body weight by tension development at both
micro- and macro-levels. This links cell’s autonomous regulating ability and human will to keep
standing. This manuscript may contribute to develop a new direction of HSP Geroscience research
proposing real program to healthy aging and mature human world.
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13.1 Contents

Geroscience from Proteostasis for Healthy Life

Inactivity is the third cause of death and 10 years bed-ridden life.

Molecular chaperone supporting and physical exercise / physical activity.

Moving shapes of cell and human and small HSP / CRYAB.

Importance of mild stress: PGC1α coactivator inducing conversion to slow muscle at 39 °C is
induced.

Learning from Experimental Model in which Small HSP/CRYAB Disapperas: Meaning to
Take on Weight

Reason why current exercise science does not hold as aging science.

Encounter with CRYAB (protein which disappeared from anti gravitational muscle by lifting its
own weight).

“Knowing you”, “Knowing Human”, who can stand by holding its own weight and walk.

Cells also carry their own weight and move.

Three protein fiber systems to form shape Cytoskeleton: The three cytoskeletons are not equal.

Localization of CRYAB and three cytoskeletons.

Muscle cells do not move, they stop and contract.Finely-tuned striated muscles with subtle
different function surviving our organism from CRYAB - tubulin relation.

Physical Movement to Consider From 11 Clauses of Cellular Principle with Dynamic and
Unstable Fiber Structure

Humans are multicellular animals.

The body consists of 37 trillion cells and ECM secreted by the cells.

Because humans are animals, the body is made to move.

Cells are stimulated not only chemicals but also mechanical response to their own environment.

Therefore, physical exercise is a mechanical stimulus (stress) to cells.
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A human being is a vertebrate living in a gravitational field.

The cell has a protein dynamics response system.

The movement that directly and dynamically connects the cell and the body becomes a living
stimulus of the cell, however conversely the dynamically wrong movement exerts a hindrance on
the joints of the knees and hips.

Therefore, humans need to learn “using dynamically correct body” in the gravitational field (the
spine composed of multi-joint variable structure is soft and unstable, and the trunk control
which becomes the center of gravity is the point).

Stress proteins that take care of flexible cells and proteins form the key to adaptation.

Skeletal muscle that produces exercise of individual and CRYAB: Concept of total stress of
exercise.

Substrate Recognition by Small Hsp / Cryab for Mechanical Stress Response

Body adaptation determined by shape in three hierarchies.

Domain structure and function of CRYAB ~ as a preface to CRYAB and tubulin / microtubule
stories.

Maintenance of “dynamic fiber structure” of tubulin / microtubule showing dynamic instability
among complicated cells and support by CRYAB. CRYAB domain mutants and verify chaperone
function against tubulin/microtubule.

Use of pulsating myocardial cultured cells as a Non-stressed but constantly mechanical stressed
model.

Body-Mind Integrative Science from Small Hsp/Cryab

Even 10-min landing/day stimulates muscle and brain-behavior.

Movement/exercise integrates a dual life unit consisting of activity-dependent life systems cell
and body: Sophia and Phronesis.

Knowing the role HSP / CRYAB that has played in the evolution and the its existence taught us
the importance of correctly exercising and acting on us living in an aging society.

13.2 Introduction

As Japan is the first super-aging society, we are addressing a big challenge how to extend a healthy
lifespan. One way is to induce HSP to maintain proteostasis. Among them, small HSP has been
reported to contribute to this (Hsu et al. 2003; Morrow and Tanguay 2012; Walther et al. 2015). But
research progress on the mechanism of small HSP is slow as compared with other HSPs. Although
exercising is enforced, in fact, the population of people who does exercise does not increase and in
Japan “inactivity is the third leading cause of death” is known (Ikeda et al. 2011). Why is exercise good
for health? Knowing the reason why it is acceptable, identifying the key factor, if there is any way that
everyone can convince, it will be a savior of an aging society. We searched for such a crucial molecule
and identified one of the small HSP, αB-crystallin (CRYAB). CRYAB disappears in the hindlimb
suspension model released by its weight, and it does not decrease if stretching (Atomi et al. 1990). The
reason is that the cytoskeleton is a substrate of CRYAB (Arai and Atomi 1997; Atomi 2015; Fujita et al.
2004; Jee et al. 2009; Ohto-Fujita et al. 2007; Sakurai et al. 2005; Shimizu et al. 2016).



People take on their weight in the standing position. Exercise tension with muscle contraction, create
articulation, stand, walk and run. Cells also dynamically respond to a cytoskeleton that shapes and
exerts tension. Both the cell and the body have weight. The cell maintains its weight by
antagonistic/tensional contraction like tug of war with three cytoskeletal fibers. Myocardium (Arac et
al. 2011; Atomi et al. 2000; Ito et al. 1997; Kato et al. 1994; Ray et al. 2001) and slow skeletal muscles
(Atomi et al. 2000; Atomi et al. 1990; Atomi et al. 1991a, b; Brady et al. 2001; Kato et al. 1994; Koh and
Escobedo 2004) and diaphragms (Atomi et al. 2000; Brady et al. 2001; Ito et al. 1997; Jee et al. 2009;
Kato et al. 1994) with high CRYAB expression will keep as long as people live active. There is MTOC
(mitotic organization center) in the cytoskeleton/microtubule, and the cells also control the balance
(Prosser and Pelletier 2017). In this chapter we will introduce not only cellular balance control but also
neuronal control of the body. The insula is the control center of the emotional system and the
autonomic nervous system, which controls the balance of the unstable body of the standing person
(Atomi et al. 2014). An appropriate balance control is necessary for an unstable upright body that is
increased in the elderly, which requires humans will control. As mechanical stress continues to be
applied, proteostasis continues to work. Learning to induce mild mechanical stress to the cell is also
necessary for balance control. We have already reported that a mild thermal stress of 39 °C induces the
inducer/coactivator PGC1α of the slow muscle which is the skeletal muscle responsible for health
(Yamaguchi et al. 2010). Tubulin/ microtubules are exceptionally dynamic fibers called dynamic
instability (Mitchison and Kirschner 1984), and CRYAB works as a chaperone. CRYAB supports that in
an unstable, adjustable protein system. We have already made clear that the α-crystallin domain of
CRYAB takes care of tubulin and the N-terminal takes care of MAPs (Fujita et al. 2004; Ohto-Fujita et
al. 2007). CRYAB prevents pathological fibrosis such as Alzheimer’s disease in the very early stages
(Hochberg et al. 2014; Raman et al. 2005).

“Stand” and “move” are established by the will of the person himself. Humans practice as they are
convinced. Scientific research to understand human characteristics is necessary. Cells were born in the
Earth’s gravitational field, and our humans gained languages by allowing us to live in standing position
to produce the axis of the trunk, respiration and vibrant voice. We found that landing only for 10 min
during the hind limb suspension for 24 h prevented the decrease of CRYAB and maintained activity.
Humans need to acquire movement and exercise to support themselves standing balanced by their own
weight. The importance of acquiring this skill is understood from the centroid control ability that cell
microtubules have acquired evolutionarily. Elderly policy is born by linking the ability to maintain
tubulin / microtubule (MT) dynamics by CRYAB discovered by cells to proteostasis and further linking
to human exercise and activities.

13.3 Geroscience from Proteostasis for Healthy Life

13.3.1 Inactivity Is the Third Cause of Death and 10 Years Bed-
Ridden Life

Based on World Health Statistics 2017 report, Japan’s average life expectancy at birth still the highest
in the world and health life expectancy is also the world’s best. However, there is a difference of about
10 years between the average life expectancy and the healthy life expectancy. When comparing for
males and females, the difference between the women is larger, and the number of years requiring
nursing care is longer (Fig. 13.1). The years of the difference between these two lifespan means that
there are people who cannot act freely (need nursing care). In fact, women elderly who were 50% at the
age of 75 and over 70% at the age of 85 were required care (Atomi 2012). One of the reasons for this is
the problem of osteoarthritis which you cannot do at all want to do exercise. Human beings who built
original and unique culture with their standing position as a normal condition also had weak points. In
a survey targeting Japanese, adults over 40 years of age have a linear increase in the population feeling
pain in the hips and knees with age (Fig. 13.2).



Fig. 13.1

Changes in the Number of Long-Term Care Service Users by sex and age
group, and female/male ratio. A number of people who need long-term care
(persons who need long-term care and need support) (the number of people requiring
care (left axis) reflecting the number of men and women) and the ratio of women to men
(right axis: line graph). The figures above the bar graph are real numbers of each man
and woman (million people). The total number of long-term care needs is 6.3 million
(October 2016)

Fig. 13.2

Can you walk on your feet and exercise? Peoples are having “Locomotive
syndrome,” which has some troubles like knee and hip joint pain, etc., is increased
linearly from over 40 years old

13.3.2 Molecular Chaperone Supporting and Physical
Exercise/Physical Activity

Geroscience is a relatively new research area studying the relationship between aging and disease
(Kennedy et al. 2014). In facing super-aging society worldwide, it is critical to extend healthy lifespan,
and comprehensive geroscience should include human life science and physical education. Everyone
knows that exercise is good for your health. Can we continue to carry on lifetime beyond 100 years in a
standing position? HSP express not only constitutively in adult but also induced during morphogenesis
of fertilized egg because the process involved a lot of endogenous cytoskeletal tension and exogenous
mechanical stress to shape the tissue and organ (Ulbricht et al. 2013; Ulbricht and Hohfeld 2013;
Varlet et al. 2017) as shown in (Fig. 13.3). Since the organismal systems and cells emerged on the earth,
they evolved to respond to all the global environmental factors. Especially in the gravity field of 1 G, the
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organism must be shaped using gravity. Stress generated in the body during exercise becomes “good”
stress to almost all physiological functions of the body. If a strategy of elderly science to induce HSP
and activate proteostasis actively, HSP related research should progress more. Among others,
microtubule, which we have studied as a substrate of CRYAB, does not assemble under microgravity
(Tabony and Job 1992). One of the small HSP, CRYAB was identified as a key molecule to explain the
mechanism of exercise adaptation about 30 years ago (Atomi et al. 1990). It is only human beings that
stand up against gravity and move all day in their standing position. With CRYAB and tubulin as a key
word, we will introduce the principle of clarifying not only cells but also how to control the human
body.

Fig. 13.3

We can induce HSP with physical activity (Figure by Morimoto (Morimoto 2008) with
modified Atomi (Atomi 2012))

13.3.3 Moving Shapes of Cell and Human and One of Small HSP,
CRYAB

Among adaptive responses of cells, research on mechanical stimulation is delayed. We would like to
propose an aging strategy for sustainable standing posture, along with the history of encountering
HSPs CRYAB who takes care of fibril-forming proteins, microtubule. Know-how at the scene of
physiotherapists facing fine-tuned bodies, and martial arts developed in Asia since ancient times
helped to overcome my knee pain and low back pain. Recently, mechanical axis control is proved to be
necessary for correct movement in both cell and body, and CRYAB can give us theory for
understanding. Both cells and body are in the gravitational field, and they cannot remove from the
foundation, so body control is necessary to avoid falling. The animals desperately lived while moving in
an environment of drastic change. Small HSPs, which are also highly expressed in bacteria and plants
(de Jong et al. 1993; Kappe et al. 2002; Kim et al. 1998; Waters 1995), among them especially CRYAB,
primary work to recognize neurofibrils in our human beings, not to make it worse further, and also
contribute to immune responses (Steinman 2014). Both tubulin, a fibril-forming protein that produces
microtubules, and Aβ have CRYAB domain (ACD) of CRYAB working (Mainz et al. 2015; Ohto-Fujita et
al. 2007). When we tag the CRYAB in the cardiomyocytes that is pulsating fine with the tag of GFP, we
recognize the substrate at a speed of 1 second or less (manuscript submitting). Humans become human
by running endurance (Bramble and Lieberman 2004), if they run inappropriately, they will lose the
freedom to move super-aged society with their own feet. That is a very wasteful thing. Living organism
has emerged in the earth and successfully evolved by creating HSP. Especially, it is human beings who
are most frequently and abundantly expressing endurance-compatible CRYAB among all species, so we
should be able to establish an aging science strategy with CRYAB as the key. HSP science should
contribute to extend healthy life.

13.3.4 Importance of Mild Stress: PGC1α/Coactivator Inducing
Conversation to Slow Muscle at 39 °C Is Induced.

Figure (13.4) shows that the master gene myogenin and coactivator PGC1α are induced with mild stress
at 39 °C during inducing culture from myotubes cells (Yamaguchi et al. 2010). Slow muscle fibers
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(cells) among skeletal muscle fiber type are responsible for aerobic exercise, which is a key to
prevention of lifestyle-related diseases. On this condition, MyoD gene expression and also protein in
nucleus, which is responsible to induce fast muscle fiber, decreased corresponding to the increase of
the temperature of culture, observed in the photograph of mouse C2C12 cells and human muscle cells.
In the usual experimental model of heat shock, the response is often verified at 42 ° C, 30 min.
However, the orthopedic surgeon Tetsuo Yamaguchi who carried out this study has experiences to cool
and/or warm the affected part of the body as the first aid treatment at the hospital site, but he could
not understood the principle to decide the temperature as heat therapy, and decided to do experiment
and observed it by changing the temperature by 1 ° C at a time. In the field concrete science which can
be applied actually is necessary. Diverse living things have evolved at each site due to the highly specific
interaction of necessary proteins as well as CRYAB, as well as close to 20,000 proteins. Proteins that
make myofibrils of skeletal muscles have many isotypes, and in order to demonstrate the performance
according to the characteristics of the development to the growth process, and even the movement
characteristics such as sports, depending on the quality and quantity of motion, various situation let
the myogenic protein change including fiber-type changes according to the work that is needed. It
became clear that the isotype of myosin that started from the study of skeletal muscle shows different
isotypes in non-skeletal muscle cells, and it becomes clear that all the cells are created extremely
dynamically and live doing finely-tuned motion. We are seeing prosperity of cell biology. Although
skeletal muscle research has been done for a long time, the study of cytoskeleton in skeletal muscle
research area has been delayed. People are deprived of their movements, but they are hardly noticed by
the mechanisms that produce them. We do not know whether it is right even if I make own body
movement, posture and walking style. It makes a fuss for the first time after hurting or falling over. It is
extremely important to explore the movement science from HSP that elderly people can support their
weight and move as long as they are alive. Supporting the bell-shaped population shown in (Fig. 13.5) is
the development of science and technology for each person to induce HSP themselves, rather than
medicine development.

Fig. 13.4

An example of mild stress to work as the threshold switching muscle fiber type:
continuous mild heat stress at incubated at 39 °C induces slow muscle master gene
(myogenin) and PGC1α but inhibits fast muscle MyoD (Yamaguchi et al. 2010)

Fig. 13.5

Trend of population and increase of elderly people

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-319-74715-6_13/MediaObjects/461553_1_En_13_Fig4_HTML.gif
https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-319-74715-6_13/MediaObjects/461553_1_En_13_Fig5_HTML.gif


13.4 Learning from Experimental Model in Which One
of Small HSP, CRYAB Disappears: Meaning to Take on
Weight

13.4.1 Reason Why Current Exercise Science Does Not Hold as
Aging Science

We have studied exercise training by humans to elucidate the mechanism of “adaptation” by exercise,
like the influence of aerobic capacity (Atomi and Miyashita 1974; Atomi and Miyashita 1980), glucose
metabolism by running training in animals (Hatta et al. 1989), stretching effect on collagen synthesis
using knee fibroblasts (Kim et al. 2002). Various changes occur with stimulation of exercise. In fact, in
these experiments, various responses including changes in HSP are derived not only by the amount of
stimulation but also by the strength and duration of exercise (Tabata et al. 1990). There are many
experiments about this, and many reviews are done (Liu and Steinacker 2001; Locke and Noble 1995).
However, from these experimental results, it is doubtful whether we can draw appropriate and
necessary and sufficient exercise programs especially for the elderly. That is because the plan is very
artificial. For animals, exercise is the survival strategy, and it uses mostly reflections. In fact, when
people try to move with two legs, the muscles of the left and right feet alternately contract and produce
rhythm. However, since it is a vertebrate, since the two feet are connected to the trunk through the hip
joint, it is first necessary to make the trunk straight as a shaft against the force of gravity without
paying special attention (Ohkawa et al. 2017). The number of skeletal muscles of a person is as many as
1000, including large and small. Four hundred of which actually connect 24 vertebrae to make 1
vertebra. It is used so that it can be flexed-extended and rotated left and right. These “voluntary
muscles” support standing position and realize movement. Skeletal muscle is innervated by spinal cord
or central nervous system, it is systematized so as to locomotion. Developmental program progresses
autonomously and automatically, but when human beings are born infants can’t move by themselves.
Although the development of the fetus progresses while floating in the amniotic fluid in a narrow
environment, it is thrown out under the gravity of 1 G with the birth. The neonatal spine cannot resist
gravity, so in the same horizontal position (ie recumbent position) as the other quadrupeds, the
newborn borrows milk by borrowing hands from the surrounding people. The process until a newborn
baby moves in a standing posture one year later is a process in which a body composed of a soft multi-
segment structure ensures autonomous movement using reaction force obtained from contact with
surrounding environment.

People do not remember these growth processes in a manner that they can talk about themselves.
Although the circuit remains in the brain as the procedure memory all the process after birth, too. It is
not possible to explain most of these processes with words. Aging science not only learns the substance
process that deteriorates after aging but also the autonomous response system of the cell which always
responds if worked up and the great possibility of proteostasis by HSP as its backup system. In aging
science, it is not enough to learn the substance process that deteriorates with aging after growth.
Everyone living in 100 years will need to learn the autonomous response system of the cell. If you work
cells, they will surely respond through proteostasis maintaining system via HSP. Molecular biology of
cells has revealed that the cell itself produces a highly autonomous moving system with autonomous
association/disassociation of proteins. For example, Actin is part of the basic transcription machinery
complex. Tubulin is also a constituent of cell membranes and mitochondrial membranes. Originally,
both cytoskeletons were uniquely owned by other protozoans, but basically, they have three
cytoskeletons in eukaryotes including humans. Through all processes of fertilization to development,
fertilized eggs respond to the outer environment dynamically. We should keep in mind that
morphogenesis progresses because there always a shape-dependent chemical reaction is proceeding.
Animals and humans have the will to move themselves. The survival of cells is structured as “activity
dependence”. It is necessary as long as the individual is alive, to match the will of the individual with
the cellular principle. Therefore, in addition to research using model animals, our researchers will need
to study the shape, attitude and movement of the actual human body, as well as how to drive HSP
responses and proteostasis.

13.4.2 Encounter with CRYAB (Protein Which Disappeared From
Anti-Gravitational Muscle by Lifting Its Own Weight)

Among various models studying exercise adaptation, the hind limb suspension model was provided an
important viewpoint of health (Fig. 13.6). The model is in a state where the muscles of the feet that



support the weight are not required to work. It was developed to study adaptive changes in the
musculoskeletal system in quasi-zero gravity. Actually, even in aquatic animals, the vestibular system
that balances with terrestrial animals is developed, but the necessity to support own body weight is
extremely small compared to terrestrial animals. In our mammalian skeletal muscle, there are two
kinds of muscles whose contraction speed and metabolism are different. Among them, slow muscles
(red muscles) have large adaptation ability. It is humans that this slow anti-gravitational muscle is
developed to the utmost. In many cases, slow muscle is described as red muscle, fast muscle is
described as white muscle. This color difference is related to the degree of development of blood vessels
and is related to the large amount of hemoglobin that red blood cells transport oxygen. That is, the red
muscle is good at aerobic metabolism, and white muscle (fast muscle) is the one which metabolizes
mainly on the glycolytic system which progresses anaerobically. The name “slow” and “fast” are the
actual macroscale muscle contraction rate. Furthermore, this metabolic property and physiological
output characteristic are linked with the rate of ATP hydrolysis of myosin, a motor protein. Differences
in the amino acid sequence of the molecule have a strong correlation with the mechanical properties of
skeletal muscle at the individual levels. Sports characteristics and the health problems are the real
pleasure of skeletal muscle research, and aging science is necessary. Here, it is added that the slow
muscle and the fast muscle are the names of the macroscopic muscle tissues. In fact, in the mammal,
the slow muscles refer to a slow muscle cells (slow muscle fibers). The fast muscle refers to a muscle
with many fast muscle fibers. That is, when the slow muscle is biochemically analyzed, there are much
quantity of types of myosin (Type I myosin), and fast muscle has a lot of fast myosin (Type II myosin).
Furthermore, Type I myosin is identical to the major muscle fibers). The fast muscle refers to a muscle
with many fast muscle fibers. Type II MHC is classified into IIa, IId and IIb subtypes, and the oxidative
capacity of the fiber is lowered in this order. Basically, one cell (muscle fiber) expresses single myosin
type. In mammals, these are arranged in a mosaic-like fashion. Detailed molecular biological research
on these has just begun.

Fig. 13.6

Discovery of small HSP, αB-crystallin/CRYAB as a key molecule to elucidate mechanism
of muscle and brain atrophy. In rat’s tail suspension model (S), the feet cannot touch the
bottom, and maintain the body weight (Atomi et al. 1991a)

What we do not forget when studying movement and exercise is that we must maintain the balance of
the body to support human beings and to support weight (Atomi et al. 2014). Bipedal standing on land
was crucial for evolving human cultural activities freely using hands. But it required a systemic change
of the cell to support the unstable posture with a lot of danger. We will introduce an interesting story to
show difference between human and other mammalian probably relating to standing of human. As one
of the substrates of molecular chaperone CRYAB, giant protein connectin/titin has been evolved
lengthened the amino acid chain particularly increase in human gene. This protein was expected to be
in skeletal muscle by a famous Japanese muscle researcher Reiji Natori. He gained insight that the
muscle should have a structure that shows property of elasticity. Muscle researcher Kosaku Maruyama
received this insight refined this large protein from the remaining residual fraction after extracted
myosin and actin, and named it connectin (Maruyama 1976). About the same time US researcher Kuan
Wang discovered the same protein a moment behind and named titin (Wang et al. 1979), but the name
of titin which promoted genetic analysis is widely used. Not only soleus muscle in the triceps brachii
muscle is important for human standing. The quantity increased to equal rate to gastrocnemius muscle,
of which four leg animal rat in only shared one tenth. The vertebrate spine developed with a muscle
spindle internal perceptual system to allow it to stand up against gravity while allowing fine movement.
The body trunk with the spine has a foundation that allows extremely fine-tuned movement. Although
it does not get deep here, it is essential for aging science, but it is very delayed. Researchers working on
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skeletal muscles also have a lot of people who do not know that the skeletal muscles have two types of
muscles, slow muscle and fast muscle, and that contraction characteristics are significantly different in
both striated muscles. In Olympic sports, short-distance and long-distance running, the physique and
muscle development of the athlete differ greatly. Even if you are not interested in physiology, if you are
a small HSP researcher, considering whether small HSP is more common in striated muscles, a new
research perspective will be born. A massive array of vertically and horizontally oriented protein
clusters produces a very large structural change called “contraction” in the population, so that a
number of cells fuse together and do surprisingly that they function as one cell. The research model
that I met CRYAB was in “skeletal muscle inactivity model” hanging the tail of the rat from the ceiling
and attaching the hind limb to the floor. Protein with a molecular weight of 22 kDa was specifically
depleted in one week (Atomi et al. 1991b). "What is the state of living?" “What is exercise?” "What
changes and what support the effect by repeating" just estimates the function of the gene or molecule
from the knockout experiment. It was an experimental model that made us think about what happens
unless it moves with gravity and moves. It is a model in which the stress protein disappears. Hind limb
suspension itself must be stressful for individuals, but one of the HSP named as stress proteins also
drastically decreases.

13.4.3 “Knowing you”, “Knowing Human”, Who Can Stand
by Holding Its Own Weight and Walk

This hind limb suspension model was originally developed as a model of bone atrophy in the
microgravity and was then used by many researchers as a model of muscle atrophy. It is also used as a
method to evaluate mental activity status of rats, mice and others later. In other words, an individual
who quickly accepts a hanging resistance-impermissible state and whose movement decreases reflects
the tendency for susceptibility to mental illness. I think it will be a glimpse of why the lack of exercise
will be the third leading cause of death. It is equivalent to “the system does not work” of an animal that
moves and carries its own weight. There will be no reason for the system of the central nervous system
and immune system to function as an individual to function. The ecosystem of life has evolved with
dependence on each other’s relationship. The death of one human being is irreplaceable for humans.
However, the positioning of animals as predators that have evolved in ecosystems is “activity-
dependent.” we think it is time to rethink the human wisdom beyond this gap and the science necessary
to live as a human being. Education of science, knowing our existence “Knowing you” Education and
science must be integrated. Human system was evolved during erect-standing and walking posture
(Fig. 13.7). As in this Figure, anti-gravitational muscles develop well in standing human but
quantitative and qualitative deterioration occurs with hypokinesis. We need more science.

Fig. 13.7

The human system was evolved during erect-standing & walking posture.
Anti-gravitational muscles develop well in standing human (a), but quantitative and
qualitative deterioration occurs with hypokinesis (b)

R. Edgerton of neurophysiologist UCLA, who is studying with interest in exercise, thinks there is a
problem when studying separating both nerve and muscle activities. He is conducting research with a
young group of researchers (neurologist, physiotherapist, IT engineer) who has made remarkable
achievements in the spinal cord injury model using rats, with Courtine being the lead (Courtine et al.
2008; van den Brand et al. 2012). I wanted to exclude the influence of innervation in a rat hind
suspension model long ago, I thought that gene expression of CRYAB, which was examined using a
denervation model (Atomi et al. 1991a) which cuts the sciatic nerve. Gene expression pattern after
nerve cut seemed to be ineffective condition as if released from suppression by neural innervation
(Atomi et al. 1991a). As I talked about this at that time, it was a scholar who pointed out that cutting
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nerves cannot see the correct physiological response of muscle change in the experiment. This
phenomenon is also consistent with the hypothesis that cells are functioning while communicating as
one individual, while making mutual relations even when cells grow and divide in one individual.
Although it is the above-mentioned spinal cord injury model, it seems that it is useless only by electric
stimulation. It is a network of cells that has been made to move, and a network of cells. Treatment of
spinal cord injury is to add regenerative stimulation by raising the chemical response between the
central nervous system and the cells that make the muscle but this information is also great when you
move the body mechanically, even passively. It is a result indicating that it has meaning.

Ohkawa’s research in our laboratory, introduced above did not provide meaningful data in a special
experimental model. In the end, we measured the free moment, which is a type of force occurring in the
sole, using normal walking as an experimental task. As a result of correlation between free moment and
movement of each body segment and joint movement, only the relative angle of pelvis and foot
indicating the internal rotation angle of the hip joint was significantly correlated (Ohkawa et al. 2017).
This suggests that flexibility and how to use of the hip joint are very important. This is also a question
of how to use mechanical stress. Pain is cry of cells, so we need to respond appropriately. When we get
older, my body gets harder and pain often goes on. This should not be taken for granted again, but this
time it will not go deeper. The pain is the cry of the cells, so it is necessary to listen carefully and deal
with it as soon as possible. Let’s introduce the core research that connects the body and mind. Pain-
related neural mechanisms are called “Pain-matrix”, in which various brain regions are involved.
Especially, insular cortex is an important area. The insular cortex connects the somatosensory nervous
system, which is responsible for sensation related to physical exercise and equilibrium, to the
autonomic nervous system, and is a place deeply related to human emotion. Actually, the insular cortex
plays an important role also in controlling the balance of the body. Tomoaki Atomi, who specializes in
physiotherapy and neuroscience, revealed that from a very unique research result using a mechanism
of self - cognitive neural mechanism by functional magnetic resonance imaging (Atomi et al. 2014).
Whatever happens, we stand without falling and we can do whatever it is supposed to be because
humans have connected the vestibular system and antigravity muscles with a reflection circuit and
have evolved this regulation system to higher order.

13.4.4 Cells also Carry Their Own Weight and Move

This hind limb suspension model drastically reduces soleus muscle, which is a slow anti-gravitational
muscle. What are proteins doing in the cell that decreases by releasing self-weight? Research on the key
molecule to solve the mechanism of “exercise adaptation” (one of small HSP, CRYAB) helps
understand. What does it mean that we can do exercise? Controlling your weight well is actually quite
difficult. The difficulty can be understood by those who experienced fractures, knee pain, back pain at
least once. Those who are living a normal life think about how to do a good move, but I do not believe
that I will control my weight. I decide to ask the cell what I do not understand like this question. A cell
has proteins that create fibrous structures named “cytoskeleton”. Actually, this is a fiber produced by
protein assembly. Using that fiber, the cell creates a structure like a tent beam and maintains the
tension by developing the tension. Cells that build up our bodies are adhesive, except for erythrocytes,
they form a fulcrum in the foundation and organize the substances that are making themselves
spatially to promote chemical reactions systematically. It is similar to the skeletal muscle exercising
tension and creating articulation and movement as we move.

13.4.5 Three Protein Fiber Systems to Form Shape Cytoskeleton:
The Three Cytoskeletons Are Not Equal

Currently, there are three “cytoskeletons”, named actin, tubulin/microtubule, and intermediate
filament, fundamentally owned by multicellular animals. In these three fiber systems, proteins that are
units as a unit are medium sized with a molecular weight of 40 to 50 kDa, and they assemble
themselves to form fibers. Actin and tubulin require high-energy phosphate compounds ATP, GTP,
respectively, for the formation of fibers. In both cases, however, when ATP and GTP are hydrolyzed to
ADP and GDP during elongation of the fiber, the fiber becomes unstable and disassembles from the
elongated end and starts shortening. This control is regulated by the concentration of free monomer or
dimer. Most of the stimulus (stress) exerted by cells from the outside causes an increase in intracellular
Ca  concentration. Muscle contraction is also the same. As the concentration of Ca  increases, the
response to the assembly of actin is strengthened, but tubulin / microtubules conversely promote
disassembly. Therefore, Ca  oscillation is occurring in active striated muscle. In the myocardium and
slow muscle with relatively slow contraction frequency, Ca  concentration within the cell does not fall
to the ground state, so the translocation of transcriptional nuclear calcineurin by Ca  continues to
read the gene while it is transferred to the nucleus. It is conceivable that protein turnover will
inevitably become high.
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Of the three cytoskeletons, actin and tubulin may sometimes play a role by itself, but the main function
is to interact with each specific motor protein to become a motor rail. The very unique point is that the
rail itself is a rail that elongates and shortens. Cells are largely divided into cells that continue to divide
depending on the timing of morphogenesis, growth, and where the cells have survived, and cells that
continue to live by stopping division. Epithelial cells facing the outside world are bound to a special
extracellular matrix called basement membrane. Since it is always exposed to stress from the outside
world, basically one split remains as tissue stem cells and the other cell divides and continues to divide
in a certain time. Sequential chemical reactions until cell division in the proliferative phase is doubled
occurs in conjunction with the cytoskeleton. In other words, the cell needs to adhere to the fulcrum
focal adhesion, and cannot divide unless the tension can be exerted. In addition, the differentiated cells
also respond to the environment of new mechanical stress by recombining the cytoskeleton according
to the role of each tissue. Not limited to contracting skeletal muscle cells, all cells are promoting
chemical reactions in a structure-dependent manner while organizing the intracellular space by the
dynamic structure generated by the cytoskeleton and motor proteins.

The partner of actin is a motor protein called myosin. The function based on the interaction between
the two is not to convey the object, but when both are fixed, by exerting contraction force / traction
force in the form of generating tension with respect to the fixed fulcrum is there. Characteristics of
cytoskeleton, actin and tubulin-microtubule fiber change the shape of the cell as necessary by
elongation and shortening produced due to assembly and disassembly. In addition, microtubules are
thought to maintain mechanical homeostasis while sensing centrosomes and the mechanical properties
of whole cells. For this, it is necessary to receive the tension from the actin filament which forms the
fulcrum structure while lining and reinforcing the cell membrane at the fulcrum of the peripheral part
of the cell. It is coordinating with protein such as plectin which binds both. In other words, the role of
microtubules is to counter the passive force of cells and to extend in the necessary direction. This
property is thought to act as antagonistic stress against the force generated by myosin - actin, but it
does not produce contraction force like myosin and actin. Motor proteins, kinesin and dynein, which
are companions of microtubules, transport goods from the center of the cell to the periphery, or vice
versa.

Even among the differentiated skeletal muscle cells, there are several centers of microtubules
(centrosome), and it appears that the role of placing the Golgi in the right place (Ralston et al. 1999)
and the transport of goods/materials. By in 1999 Gundersen concluded that the function of
microtubules was not necessary after myoblast fusion to myotube (Gundersen and Cook 1999).
However, microtubules that are thought to play a central role in cellular regulation often develop in
slow muscles (Ralston et al. 1999), supporting the active metabolism of slow muscles. The group of
Spiegelman has made clear that the factor inducing slow muscle is a PGC1α coactivator up-regulates
mitochondrial genes coded in the nuclear genome and the function as well as the genes coding
myofibrillar proteins of slow muscle fiber. So what is the factor regulating the expression of PGC1α? A
comprehensive analysis of small molecules resulted in the involvement of drugs that promote
microtubule dynamics (Arany et al. 2008). There are very few researchers who study microtubules in
skeletal muscle. However, the author’s view is that the strategy of the cell, even differentiated or
modified, but the basis is not changed. Actually, the cell, the protein system called microtubule
cooperates with actin, intermediate diameter filament, and changes the way of making cells according
to their position in each tissue. In places where tissues and bodies face the outside, they become
epithelial cells and undergo stress stimulation from various external worlds, almost all stress factors
rise. It is important to induce stress proteins by mild exercise of endurance and to turn proteostasis.

13.4.6 Localization of CRYAB and Three Cytoskeletons

In searching for the substrate of CRYAB, we found there are three cytoskeletal proteins actin,
intermediate filament, and tubulin/ microtubule inside the cells. The cytoskeleton is a dynamic
structure which produce tension and movement. Almost cells have three cytoskeletons, cooperates with
actin, microtubule and intermediate diameter filament, and the dynamical system in which the cells
themselves undergo developing tension and movement, advances chemical reaction interlocking these
structures of the cytoskeleton. Skeletal muscle is a cell that produces a very special morphology in
which one of the cytoskeleton, the actin protein and its partner myosin motor protein is aberrantly
increased. However, CRYAB was perfectly localized in agreement with tubulin / microtubule of another
name of three cytoskeletons (Fig. 13.8). And then it was the intermediate diameter filament vimentin
that matched. Actin is the scaffold / focal contact of the cell whose cell is the fulcrum of force
development. Although it may be interacting with actin in this case, a paper which takes care of FAK,
one of the fulcrum producing proteins, was recently published (Pereira et al. 2014). There will be
others. The protein complex interacts dynamically in fluctuations and is built and maintained. In the
slow muscle, it was known that the Z structure of sarcomere corresponding to this fulcrum was long



(wider) than the fast muscle from long ago. Why is it necessary to have a slow contraction compared to
fast muscles and only a weak force to demonstrate why it is wide?

Fig. 13.8

The three major types of cytoskeleton (a). Merged immunofluorescence micrographs of
fixed myoblast cells visualized for CRYAB (green) with actin (red, b), vimentin (red, c),
and tubulin (red, d)

The myotubes that have differentiated to create a sarcomere structure will die away from the substrate
due to the large contraction force exerted by them on the petri dish. Not only in the muscles but also in
the gravitational field at the fulcrum when the force exercise regime disappears, the cells can not only
maintain their shape, but they will die if peeled off. Ruoslahti, who discovered the integrin binding
sequence to fibronectin “stretch is good for cells”, briefly wrote the essence of cells in a short review in
1997 (Ruoslahti 1997). Both CRYAB-overexpressing and knockdown cell lines were prepared and
analyzed as shown in (Fig. 13.9) (Shimizu et al. 2016). Compared with wild-type cells, CRYAB-
overexpressing cells had a more rounded and spread shape, and barely moved. On the other hand,
CRYAB knockdown cells showed a characteristic narrow, fibroblast-like shape with extensively
lengthened pseudopodia and migrated fast. In our laboratory, we tried to make a microscopic pillar
(microarray) made of acrylamide, placing cells on it, to determine whether one cell of micro order
really demonstrates its power. It is difficult to reproduce the same soft base as the living body with
good reproducibility, but as shown in the cartoon in the later section (Fig. 13.16), myoblasts which
reduced the expression of CRYAB cannot step on the foot and were buried and. Normal L6 myoblasts
expressing CRYAB seemed to have the properties of muscle cells before differentiation, but they
stepped on their legs and showed a traction of about 70 pico-Newtons. The traction of this single cell,
as you go up the hierarchy to the differentiated muscle fiber, bundle of myofibrils, single muscle tissue,
and the strength we exert, you can order ten or more orders of 9–10. Become. It is extremely difficult to
connect this quantitatively, but if you can measure the quantity, type, and mechanical properties of
extracellular matrix (collagen, proteoglycan, etc.) which are substances that connect cells and
individuals, it can be determined according to the function and softness of the organization I believe
that the range of appropriate force will be known.
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Fig. 13.9

Cell shape and movement. There is a structure which does not move. (a) Both
myoblast and glioma/glia cells don’t migrate and show slow muscle cell-type tonic
contraction,” but very dynamic adhesion. (b) Migration speed of various cells (Shimizu et
al. 2016)

Actually, what we move is that if joint angles change due to skeletal muscle contraction (not
movement) and if there is a fulcrum on the ground, the skeletal muscles of the whole body
collaboratively contract and extend, thereby utilizing gravity you can say that you can move. Skeletal
muscle cells must not migrate but contract. Only the power of the interaction between myosin and
actin has been studied as advanced science, and it is now supposed that coupling and divergence of
both proteins are made utilizing different fluctuations (Funatsu et al. 1995). But with myosin and actin
alone, in fact the power cannot be taken out. Unless it is connected with a fulcrum that does not move
as much as possible due to the interaction between the molecules, force cannot be extracted and
articulation does not occur. The reason why research on cell culture of skeletal muscle does not proceed
is because no cell culture system has been established to strengthen adhesion which clears this gap.

13.4.7 Muscle Cells Do Not Move, they Stop and Contract (Fig. 13.10)

It turned out that all the eukaryotic cells have three “cytoskeletons” since the research method of
cultured cells was established. The history of skeletal muscle is older than the history of molecular
biology of cells which see cells as units of life. The cytoskeleton in the skeletal muscle is a large protein
such as nebulin or connecin (titin), which is a giant protein in the form of “supporting” suitable for the
name of the cytoskeleton, and it supports the structure by one molecule itself. In the research field of
skeletal muscle, microtubules are still almost none. However, in this gravity field of 1 G, life has evolved
by constructing a system as a “form existence” in a system that uses a dynamic system, filament / fiber
structure extensively. Protein is also a form of life. In the fluctuating environmental chemical reactions
in the form dynamics sustain the “living” state. From the Mitchison laboratory named “dynamic
instability” in the dynamic behavior of microtubules within the cell (Mitchison and Kirschner 1985), a
system excluding a part of the cells (system excluding lipids of the cell membrane). When establishing a
system that activates the dynamic instability, since the intercellular distance becomes constant, they
provide driving force to align intracellular proteins to the right place in the movement of assembly /
disassembly of microtubules. An image saying that it seems to be made is presented, and the paper is
being introduced (Ishihara et al. 2014).
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Fig. 13.10

Cytoskeleton dynamics induction hypothesis that requires αB-crystallin/CRYAB in slow
muscle cells, myoblast and glia cells. Dynamically antagonistic making of passive tension
exertion of the cytoskeleton (microtubule and actin-myosin system) in striated muscle
cells and myoblasts that exerts tension without exerting tension is a sustainable energy
supply (mitochondrial Necessity) and maintenance of proteostasis. The third
cytoskeleton/intermediate diameter filament maintains mechanical resistance by
connecting to both via plectin

13.4.8 Finely-Tuned Striated Muscles with Subtle Different
Function Surviving Our Organism from CRYAB – Tubulin Relation
(Fig. 13.11)

In the skeletal muscle research field, we do not even know about the cytoskeleton of all the cells. There
is no name of “cytoskeleton” also in the keyword of the research of academic society including the
Japanese Physiological Society. It also has low recognition in the field of HSP research. Heat stress may
have started. Since exercise also began with aerobics, oxygen is invisible and does not normally exist as
a structure. That is, the form does not appear as a keyword. However, slow aerobic players developed
muscles that can withstand the exertion of force as both troops continue to exert power like tug of war.
Both armies tugging on muscle sarcomere are Actin - Myosin Army and Microtubule - Kinesin and/or
Dynein Motor Force. The latter microtubule is like a pillar that continues to resist the applied force
rather than exert its own force. This pillar existence does not exert its own power because it also works
as a transportation route in the cell. Since it stretches and shortens while assembling and/or
disassembling, its extension and shortening in the boundary structure of cells becomes giving and
receiving of tension, creating a competing mechanical system. This antagonistic system works every
time the heart is output, and in antigravity muscles, this antagonistic system operates alternately each
time walking.

Fig. 13.11

Consider the evaluation system of adaptability and exercise adaptation of mammalian
striated muscle from the expression level of αB-crystallin/CRYAB and tubulin protein.
(a) The relationship between the expressed CRYAB and α-tubulin contents in various
muscles. Dominant MHC-isoform groups muscles. The attached numbers are for each
striated muscle. There is a significant correlation (P < 0.01) between the quantity of
CRYAB and that of α-tubulin (n = 11, Pearson correlation coefficient 0.837) ((Jee et al.
2009) modified by Atomi). Word of “Jerk” is the name that Mitchison gave first in place
of “dynamic instability” for the phenomenon of microtubule assembly and disassembly.
(b) Positioning is evaluating the contribution of various striated muscles in the body for
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fitness as seen from essential protein molecules (CRYAB and tubulin) that generate
dynamic cell structure, endurance movement. Changes to the diagonally upper part of
this figure become the direction of health adaptation. This trend tends to maintained in
the region where the muscle is stretched even in the hind paw suspension state, but it is
not limited in the state where the muscle contraction does not occur

Since the heart keeps tug of war until it dies, we must take care. Antagonistic force demonstration will
require mitochondria to constantly supply energy and will respond to “activity dependency”
requirements of mitochondria creatures. It is a force under the edge to sustainably maintain the
system. Therefore, the heart keeps on rhythm, it repeats eternal contraction as a pump, it is like a
perpetual institution that recovers every beat. There are many mutations in CRYAB gene in its heart,
and the death period is actually accelerated in the case of diastolic heart disease and others. As long as
we are alive, we hypothesized that CRYAB and its substrate tubulin / microtubule are supporting the
muscles that carry oxygen and continue to consume, expressing both proteins in various ways we
compare them with striated muscles that produce physiological functions (Fig. 13.11) (Jee et al. 2009).
This figure shows that the eternal beat of the heart, the mysterious function of eternal breathing, and
all the tongue streaks that we are moving so hard to speak the words are all striated muscles. Even with
the same striated muscle, the magnitude of the output force, the required speed and fineness are
different, not only related to the isotype of myosin but also adaptability of both proteins adaptively
expanding our rich movements. It seems to be talking about the size of plasticity. You will be able to
imagine the unique face of the cells that support the activities that will never stop as these days and you
will feel that you will give them the right jobs and activities themselves. We refer to it as Body-Mind
Integrative Science.

13.5 Physical Movement to Consider from 11 Clauses of
Cellular Principle with Dynamic and Unstable Fiber
Structure

It seems that it is almost never looking all over the world for the fields explaining human living while
working actively every day with cell molecular biology and life science. Then we cannot save super aged
society. Because the body moves, cells survive in activity dependence and turn on proteostasis even if
cancer cells continue to grow, if you keep on running the immune system to eliminate it will not
become a cancer of sickness. The protagonist who drives proteostasis is a cell. That cell exercises and
organizes its structure and lives while working with extremely high order. Moreover, the protein that
supports it is designed to be driven depending on the cytoskeletal system which contains the nature
called shaking and dynamic instability. A scaffold is necessary for cells to exert their power. In this
chapter, we do not intend to touch on extracellular matrix (ECM), which is a place to exercise strength,
but it is indispensable as a concept. Moreover, the ECM itself is secreted and built by the cell itself. The
cell senses its own shape and the place of force demonstration according to the environment to live and
creates a place appropriately. Eleven clauses explaining the life principle that connects the body from
cells that support body movement are explained with the help of illustration listed below. Finally, from
the relationship between skeletal muscle that generates individual movement and CRYAB, we present a
concept of total good stress of exercise..

Principle of Life as a Matter System has Following 11 Items

1) Humans are multicellular animals (Fig. 13.12). Almost cells in our body are adhesive, thus they
contact each other or to ECM, which is secreted by themselves except red blood cells.

Fig. 13.12
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Body as a thing to consider from the molecular biology of a new “body” - cell
relation via the mechanical environment. Through research on the function of αB-
crystallin, a HSP of the self-assembled protein system/cytoskeleton of cells, which is one
of the molecular chaperones, the authors have studied from HSP system. We propose
Body-mind integrative science” that connects the body - cells, producing the good
adaptation

2) The body consists of 37 trillion cells (Bianconi et al. 2013) and (ECM) secreted by the cells (26
trillion is red blood cells). Cell responds to its own environment not only chemically but also
mechanically (Fig. 13.13): What is going on in human body during exercise? (Atomi 2012; Atomi 2015).
Endurance exercise promotes collaboration among cells of different tissues via mechanically via ECM
and connective tissue as well as neuronal and humoral stimuli.

Fig. 13.13

What happens in our exercising body? The human body consists of sixty trillion
cells and the ECM molecules that those cells secrete. When we walk and run, coordinated
skeletal muscle contractions develop joint movements and support our posture and body
weight. Aerobic exercise brings our body to increase four main aspects like 1) a flow of
neuronal impulse, 2) a flow of oxygen/ bloodstream, 3) an activation of cells of our body
by mechanical stimuli, and 4) a circulation of cerebrospinal fluid. All physical activities
increase mechanical stress to relating cells in tissues and ECM (Atomi 2015)

3) Because humans are animals, the body is made to move on lands and takes oxygen in the air and
circulates and transports it with red cells.

4) Cells are stimulated not only chemicals but also mechanical response to their own environment (Fig.
13.14). Mechanical stimulation is delivered to the cytoskeleton via a receptor that undergoes
mechanical stress from the ECM. Altered proteins of conformational diseases such as neurofibrillary
tangles which are problematic in the elderly are also transported through this cytoskeleton to the
intracellular decomposition factory. Its decomposition plant named aggresome is located in the
immediate vicinity of the nucleus. It is shown in the (Fig. 13.14).
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Fig. 13.14

Dual Cell Signal System:Solid protein filament system of cytoskeleton and
ECM organizes cellular metabolism responding both chemical and
mechanical stimuli, even protein aggregates using aggresome. Muscle activity
facilitates proteostasis utilizing this system keeping filament system by itself to be
dynamic (Figure originally created by Mikihito Tanaka)

5) Therefore, physical exercise is a mechanical stimulus (stress) to cells.

6) A human being is a vertebrate living in a gravitational field.

7) The cell has a protein dynamics response system (cytoskeleton - cell adhesion molecule -
extracellular matrix) that dynamically controls the center of mass in cells (Fig. 13.15) (right) and
develop tension against adhesion sites, which is a part of body, associating with mechanical stress
produced by the exercise property. Exercising body is regulated by neuronal system working in the
brain, which has both directions of cell to body and body to cell in exercise producing, supporting
tissues under regulation somatic and autonomic nervous systems. All systems like the nervous system,
the circulatory system, the endocrine system have been developed and evolved to be properly driven
with physical exercise. Conventionally, in the viewpoint of studying physical exercise, a system that
maintains and coordinates cooperative systems by exercising with this unique autonomous system is
not yet incorporated yet. Repeated exercise produces adaptation via proteostasis for many cells of
many tissues.

Fig. 13.15

The body-mind integrating theory with proteostasis and proper physical
activity. We should know both the adaptation (learning) process of the brain and the
cell, which dynamically can feel and respond to stimuli (stress). Exercise/action which
could be produced by oneself integrate them. In the standing position, the body contacts
the sole only, and in the supine position the supporting base surface increases. Cells are
connecting with Fascia and skin inside of our body. Particular ECM structure including
the basement membrane and other ECM consisting of connective tissue is also turned
over by exercise by cells live in there. The act trying to produce right movement (neuro -
muscle activity) is very important for connecting a muscle - tendon - joint – bone. We can
activate the cells to cooperate and change the ECM composition
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8) The movement that directly and dynamically connects the cell and the body becomes a living
stimulus of the cell, however conversely the dynamically wrong movement exerts a hindrance on the
joints of the knees and hips.

9) Therefore, humans need to learn “using dynamically correct body” in the gravitational field, The
spine composed of multi-joint variable structure is soft and unstable, and the trunk control which
becomes the center of gravity is the point.

10) HSP (molecular chaperones) that take care of flexible cells and proteins form the key to adaptation.
Currently, our laboratory is studying the health effects of the eggshell membrane of chicken eggs.
Unlike mammals, in order to connect to the land and to connect seeds with eggs, it is necessary to have
the homeostasis function to maintain the living environment autonomously, although it is an open
system similar to our body. We cannot expect supply of nutrition from the outside, we need ingenuity
to keep moisture and not to dry, and it must be strong mechanically. There are devises to maintain
necessary barriers and functions until the chick hatch, and the function of eggshell membrane mainly
consisting of ECM seems to have an immeasurable role. Among them, residential materials until the
embryo develops seem to bring out materials that promote rejuvenation. Further study of ECM is likely
to be a savior for aging science. Skeletal muscle that produces exercise of individual and CRYAB:
Concept of total good stress of exercise.

11) Stimulation induced by exercise is firstly mechanical stress. As the duration of exercise increases,
body temperature rises and other various homeostasis disorder occurs, so there are cellular activities in
the whole body to normalize it, and small HSP must be induced first in it. Regarding CRYAB, it is
thought that not only cytoplasmic HSP but also it also takes care of endoplasmic reticulum and Golgi
proteins via probably highly hydrophobic N-terminal region. In addition, it has been reported that
CRYAB interacts with nuclear speckle and RNA and it corresponds to emergency treatment of almost
all biological substances. Since small HSP are evolutionarily old and have an α-crytallin domain with a
structure similar to the IgG domain (Kim et al. 1998), CRYAB which is one of small HSP is also a
multifunctional molecule so that IgG interacts with various molecules. However, as described below,
CRYAB has no cysteine residue to be cross-linked.

Here, through the expression state and function of CRYAB relating to the cytoskeleton / tubulin and
skeletal muscle that we have been pursuing so far, we would like to show possible cause of the diversity
of human movement produced from our bodies and the hypothesis for health of human beings based
on cell activation. Thus, we will suggest a method how to move in daily life. For examples that mutate
in relation to lifestyle disease rather than genetic mutation, we must find a way to make sure that
mutation does not occur. Small HSP are the most contributing factors in extending healthy lifespan
(Kenyon et al. 1993). We think that there is only physical exercise. As mentioned at the outset, body
movement/exercise is the activation of the animal’s system. Not only does physical exercise improves
circulation, it also increases the proteostasis of whole body cells. Currently, exercise is reported to be
recommended for persons with visceral disorders, if the intensity is less than the lactate threshold
(Atomi et al. 1986, 1987), which is a breaking point to keep homeostasis of acid-base balance and also
hypothalamus-pituitary-adrenal (HPA) axis for stress response, below which stress hormone does not
increase from resting level. Furthermore, as we will mention later, exercise works comprehensively
enough to drive the animal’s individual system even with 10-minutes-landing stimulation in the
standing position (see also last section).

In search of key molecules for elucidation of the mechanism of exercise adaptation, we encountered
CRYAB and met tubulin-microtubule as its substrate. Quinlan, who is studying the cytoskeleton / IF
with a lens, reports that the lens is extremely dynamic (Quinlan 2002). Although it is rather difficult to
show experimentally, researchers who are studying cytoskeletal proteins as small HSP, in particular as
substrates for CRYAB, are eager to visualize the dynamics of small HSP structures. All exercises that
are commonly going to be realized through realization of joint movement induced by muscle
contraction. And everyone thought that the point of the effect on exercise cells is a mechanical stress
like stretching. It was Vandenburgh who first tried to study the effect of stretching on the skeletal
muscle (Vandenburgh et al. 1990). He differentiated myocytes on the stretchy silicon membrane and
gave a stretch stimulus. He differentiated myoblasts to myotube on the stretchy silicon membrane and
gave a stretch stimulus. There is a memorable paper. If the stretch extension and contraction rate is
fast or strong, the spindle type myoblasts will lie side by side to escape from the stress. However, if he
stretches slowly and weakly like the time of occurrence in the muscle differentiation during embryo, do
not escape from the direction of force and line up like in the living. Subsequently, many studies using
myocardial cells and fibroblasts were announced. We also studied stretching using myoblast and
myotube for several years, but when tandem sarcomere differentiates on a rigid culture dish and begin



to contract, they dissociate from the culture dish by the magnitude of the force that they output. It is
death. For this reason, research on the structure-dependent response mechanism to mechanical
stimulation for skeletal muscle cells has not progressed much.

The importance of small HSP in geroscience is increasing. To clarify the dogma of small HSP
(oligomerization is essential for the study of its chaperone activity), biochemical studies and
approaches must be incorporated, including microscopic visualization techniques. We believe that
research progress from life science should contribute to well-being. Molecular chaperone studies are
considered superior when performed on model substrates and model animals. However, by itself,
concrete measures for extending the healthy life of human beings are not provided. It is important to
analyze the cell-animal-human results, interpret the relationship, and promote comprehensively
studied HSP research. Unlike other animals, humans are rare and should have developed a long-lived
cell line with cell adaptability, ie, a relationship with chaperones. Cells and humans need to think that
the system will be read depending on the actual environment.

13.6 Substrate Recognition by Cryab for Mechanical
Stress Response

13.6.1 Three Hierarchies of Adaptive Bodies that Shape Makes
(Summarized in (Fig. 13.16)

Alzheimer’s disease and other neurofibrillary diseases called degenerative aggregation and
accumulation in and out of the cell that cannot undergo proteolysis are called conformational diseases
(Westerheide and Morimoto 2005). This is due to the denaturation of the protein form. How is the
shape of the cells? There is an aging model of a cell that ages with the decline of division ability of
human fibroblast called WI38 (Shay and Wright 2000). In this example, the β-GAL is used as an aging
marker. Comparing this aged cell with a young cell, the younger one has a spindle shape. As increasing
the number of divisions, the cell becomes thinner, and not spindle-shaped and spreads to an irregular
shape. That is the shape changes. When cells of aged skin also lose elasticity, the cells which live there
are even wanted to be flat. The aged cells may want to be flat as they cannot produce power. Myoblasts
in which CRYAB is expressed correctly can pull the foundation but knock downed cell of CRYAB
collapses (Fig. 13.16). Humans get stiffer as their body grows older, becomes elderly like shapes, and
the range of motion of joints will also become smaller. However, there are significant individual
differences in these changes, and at least exercise/movement is thought to have a preventive effect on
these morphological changes.

Fig. 13.16

Thinking significance of folding from protein, cells, and the human body.
Inside of healthy cells is like crowded trains of proteins and other macromolecules
(bottom left: (Goodsell 1991)), so caretaker / molecular chaperones are used for unstable
proteins is necessary. We should know how to correct folding of own body scientifically
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Exercise and activities maintain and raise longevity genetic markers (Sharples et al. 2015) and improve
energy metabolism. Not only that, but the exercise upgrades the proteostasis of the cytoskeleton and
extracellular matrix proteins that make up the “shape and structure” of most cells and tissues in the
body, such as tissues that produce mechanical stress, tissues that transmit tension, and tissues that
receive will do. HSP including CRYAB supports proteostasis. Therefore, if you can make them work
well, you will be able to delay at least the aging. By improving proteostasis of extracellular matrix which
is often found in connective tissues due to aging suppresses fibrosis and also leads to the prevention of
cancer, which is the most significant cause of death of elderly people. In research on lifespan using
model animals, small HSP is essential among HSP, but the reason is yet to be understood. One of small
HSP, CRYAB has a chaperone effect on the cytoskeleton tubulin/ MT which is also a transport pathway
within the cell. Many subcellular organelles, including mitochondria, are dynamically organized by
cytoskeletons including microtubules. Even Alzheimer’s disease can be prevented if it can induce
CRYAB at an early stage.

Creatures, including humans, have their forms. Among them, the mechanical properties and physical
properties of mammalian bodies are soft and elastic compared to other animals and plants. Among
them, the human body is long and slender, but many joints can flex and extend well and can be folded
softly (Fig. 13.16). Seiza, which is one of the sitting positions in Japan, sitting erect with one’s legs
folded beneath, has the effect of integrating mind and concentrating the mind. To use a person’s skill of
the left-right and front-to-rear balance well, and Seiza sitting is indispensable for the operation and
document operation of the tea tool placed on the floor work. Proteins also have various folding style,
each of which produces a different function, but it often depends on the localization environment (e.g.,
close to the membrane and/or cytosol, etc.).

Regardless of the Seiza sitting, the life sitting on the floor is considered to have strengthened the
muscle strength, and stretched cells consisting of knee joints of daily life by the rising from the floor,
and the rise in a narrow space was increasing the balance. As already shown above, the brain related to
training balance is also the center of emotional system and pain. There may be not only the
strengthening effect on the legs and trunk muscles but also the consolidation effect of the body and
mind. Because the inside of the cell is crowded chaperones are necessary, and since it is too
complicated, a device that does not diffuse molecules in cells is necessary. Small HSP is named Holdase
(Eyles and Gierasch 2010). In other words, small HSP is designed to dynamically create groups,
oligomers by interactions that are not separated from each other and require a variety of peers “in a
sequence-dependent manner,” and proteostasis at a place where dynamic must be functional. It must
be making a significant contribution to creating the environment. From the standpoint of researching
muscles, looking at this complicated situation, the wisdom of the striated muscles must be a fantastic
ingenuity. Moreover, the length varies significantly in sarcomere units on the lines. We think that the
striated muscle cannot be maintained without proteostasis, but small HSP are less expressed in fast
muscle. If the way the contraction of the muscle is in a short time, it seems that the problem does not
occur (although adaptation is difficult to occur). Given this, one part of the wisdom of life must be
cached a glimpse.

13.6.2 Domain Structure and Function of CRYAB ~ as a Preface to
CRYAB and Tubulin-Microtubule Stories

CRYAB protein is a member of low molecular weight HSP, 10 kinds are known in humans, and the
names of HSPB1 to HSPB10 are recently given (Kampinga et al. 2009). Mymrikov et al. (Mymrikov et
al. 2017) added information on amino acid chain length, PDB ID, and the number of cysteine residues
considered to be involved in structural dynamics (Table 13.1). Although CRYAB is HSPB5, it is often
used as CRYAB, as it is actively studied in fields other than chaperone researchers. Figure (13.17) shows
the basic structure of CRYAB (Haslbeck and Vierling 2015). A variable length non-conserved N-
terminal sequence (NTS), conserved α-crystallin domain (ACD), also called Hsp20 domain, PF00011
(conserved protein family http://pfam.xfam.org/family/PF00011
(http://pfam.xfam.org/family/PF00011)), two And a non-conserved short C-terminal sequence (CTS)

containing the conserved IxI motif necessary for the dimers to form oligomers. There are a maximum
of 3 phosphorylation sites in NTS. The structure of ACD shared in small HSP is classified into two types
(Fig. 13.17a). Since it cannot be strictly classified as prokaryotic or eukaryotic type, it will be
appropriate to say β6-swap type (based on crystal structure analysis of Bacillus subtilismall HSP 16.5)
and, β7 interface type (based on human CRYAB solid NMR analysis) (Haslbeck and Vierling 2015). N-
terminal has not been able to analyze structure because it is considered to be dynamic (Patel et al.
2014; Uversky and Dunker 2010). Crystal structural analysis of proteins with dynamics controlled by
lipid modification at N-terminus may be useful. CRYAB is the only small HSP that membrane-
associates ubiquitously, and α-crystallin is palmitinated in lens at the interaction site with the
membrane (Manenti et al. 1990). There is also a report that the chaperone of the lipid membrane is
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performed similarly to Synechocystis thylakoid small HSP 17 (Tsvetkova et al. 2002).

Table 13.1

Characteristics of human small HSP

Name Synonymous
names Length

Molecular
weight of

monomer,
Da

Theoretical
pI

Tissue
specificity
(cellular

compartment)

Oligomeric
state of an

isolated
protein

Domain UniProt ID Structure
PDB ID

Number
of

Cystein
residue

HSPB1
Hsp27, Hsp25,
Hsp28

205 22 783 5.98

Ubiquitous
(Cytoskeleton,
Nucleus,
Cytoplasm)

Large oligomers,
a size depends
on
phosphorylation

ACD P04792
2N3J,
3Q9Q,
3Q9P

1 at ACD

HSPB2

MKBP,
myotonic
dystrophy
protein kinase
binding
protein

182 20 233 5.07

Cardiac and
skeletal muscle
(Nucleus,
Cytoplasm)

Small oligomers,
dependent on
the
concentration

ACD
Q16082,
NP_000385.1

 1 at ACD

HSPB3  150 16 966 5.66

Cardiac and
skeletal muscle
(Nucleus,
Cytoplasm)

Dimer or trimer
(?)

ACD
Q12988,
NP_006299.1

 1 at ACD

HSPB4 αA-crystallin 173 19 909 5.77
Eye lens
(Nucleus,
Cytoplasm)

Large oligomers

N-terminal,
ACD,
putative
dimer
interface
[polypeptide
binding]

P02489
3L1F
(Bovine)

1 at ACD

HSPB5 αB-crystallin 175 20 159 6.76

Ubiquitous,
mainly in eye
lens and
muscles
(Nucleus,
secreted,
Cytoplasm)

Large oligomers,
a size depends
on
phosphorylation

N-terminal,
ACD, C-
terinal
(IXI/V)

P02511

2klr, 3J07,
2N0K,
2Y22,
2Y1Y,
3L1G,
2WJ7

No

HSPB6 Hsp20, p20 160 17 136 5.95

Ubiquitous,
mainly in
smooth and
cardiac muscle
(Nucleus,
secreted,
cytoplasm)

Dimer

N-terminal,
ACD,
putative
dimer
interface
[polypeptide
binding]

O14558 ,
NP_653218.1

5LUM,
5LU2
(complex
with 14-3-
3), 4JUS

No

HSPB7

cvHsp,
cardiovascular
heat shock
protein

170 18 611 6.04

Ubiquitous(?),
mainly in
skeletal and
cardiac muscles
(Nucleus, cajal
body,
cytoplasm)

Oligomer/dimer
(?)

ACD,
putative
dimer
interface
[polypeptide
binding],
poly serine

Q9UBY9,
NP_055239.1

 No



HSPB8 Hsp22, H11
protein kinase,
product of
E2IG1 gene

196 21 604 5 Ubiquitous,
mainly in brain
and muscles
(Nucleus,
Cytoplasm)

Dimer/monomer ACD Q9UJY1  1 at N-
terminal
and 1 at
ACD

HSPB9  159 17 486 9.16
Testis (Nucleus,
Cytoplasm)

? ACD Q9BQS6  

1 at N-
terminal
and 1 at
ACD

HSPB10 ODF1, ODFP1 250 28 366 8.46
Testis (outer
dense fiber,
nucleus)

?

ACD,
putative
dimer
interface
[polypeptide
binding], 2
X 5 AA
repeats of
[RC]-C-L-C-
D, C-X-P
repeat

Q14990  

1 at N-
terminal
and 1 at
ACD

Fig. 13.17

Domain organization of small HSP and αB-crystallin/CRYAB domain
structure and its mutation

The basis of CRYAB substrate recognition may be a dimer. Oligomers are of the storage type and are
assembled with substrates via dimers, resulting in high molecular weight aggregates. The N-terminus is
essential for substrate recognition, but it is hidden in the oligomer state. Phosphorylation is necessary
for oligomer removal (Haslbeck and Vierling 2015). Subunits are always exchanged, and dimers are
always present to some extent to monitor substrate degeneration (Haslbeck and Vierling 2015).
Proteins are not functional unless soluble. The fact that the associated form with the substrate is more
soluble than the oligomer indicates the need for binding with HSP. There are not many studies showing
interactions by actually purifying proteins as substrates for CRYAB (Bullard et al. 2004; Houck and
Clark 2010; Song et al. 2008). Because CRYAB co-localizes with pathologic amyloid, we frequently see
reports that CRYAB is the cause of the disease. But do not forget that cell systems can interpret that
they are struggling to survive. Pathological mutations related to muscle diseases were map to CRYAB
structure model (Mainz et al. 2015) and topology based on a structural analysis (Jehle et al. 2010)
(Figs. 13.17b and 13.18). Although R120G with a mutation in ACD is famous, many mutations have
been found in the NTS and CTS parts. Looking at the structure added by NTS and CTS pointed out by
Mainz et al., It is unexpectedly large NTS and CTS made with this random coil, interface formed by
ACD and flexible both termini may important for physiological function. CRYAB is expressed in all cells
and recognizes early degeneration of various protein actions so that holdase retains its state, but
thereafter releasing substrate to ATP dependence chaperone HSP70, 90, 40 as described in in vitro
experiment (Haslbeck and Vierling 2015). However, when CRYAB recognizes small changes associated
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with free form association of cytoskeletal proteins, it supports more subtle conformational changes
than refolding. At the same time, CRYAB also binds to the microtubule-associated protein, changes the
cellular localization and direction, and can alter or maintain the dynamic state of microtubules, actin,
IF according to the purpose of the cell. Cytoskeletal proteins differ from other fibril-forming proteins
(especially actin and tubulin) and globular proteins self-associate to form a filament structure. In the
presence of high-energy phosphate compound (ATP for actin and GTP for tubulin), dynamic state of
the fiber is always maintained by association / disassociation while degrading them. In this way, the
cytoskeletal protein produces a state in which cells can cope with environmental changes. It is not as
simple as you imagine, but a system is needed that stores free-form proteins that can be constantly
associated in the vicinity of microtubules. When you deposit money in a bank, you got interest earlier.
If small HSP oligomers made by CRYAB exist like banks bound to microtubules, there is a high
possibility that instead of attaching interest, it functions as a resting place to repair a small fray.
CRYAB Banks are set up as materials for rails in cells or materials with lining structure of cell
membranes, and constitute infrastructure. We are surprised about the multifunctionality of CRYAB. In
small HSP, the domain structure of the protein may be functioning as a repairman / watchman,
guardian of the cell system.

Fig. 13.18

Topology of the secondary structure of a ACD domain (PDB 2klr,
https://www.ebi.ac.uk/pdbe/  (https://www.ebi.ac.uk/pdbe)) and location of mutation
in muscle tissue

The interior of the cell is basically complicated, and among them, the striated muscle tissue is such that
large molecules of proteins are aligned, so water molecules can not exist as well. In striated muscle
tissue, migration occurs so that large proteins can be seen structurally with the naked eye. Small HSP
do not interfere with their structure and take care by brief interactions with proteins at very early
stages of minor changes and degeneration anytime anywhere. In our laboratory, FRAP analysis of
CRYAB tagged with GFP was carried out in order to investigate the kinetics of CRYAB inside
contracting myocardium. As a result, a CRYAB was detected in a short time within 1 second, bleaching
recovered and FRET was observed between fluorescently labeled tubulin. Dynamics changed by
nocodazole treatment which enhances disassembly of microtubules and taxol treatment which inhibits
disassembly of microtubules. From these facts, it seems that, CRYAB is taking care of the cytoskeleton/
tubulin at least within the cell. Besides that, under stress conditions, it has been reported that taking
care of the α-helix structure in order to avoid degradation of FAK by calpain (described later). The
disease name of a person mutated in the middle part of R120G ACD is desmin myopathy. Looking at
other CRYAB mutations in muscle (Figs. 13.17 and 13.18), myofibrils and myopathies caused by desmin
are mentioned. Whether desmin is actually the causative gene or not, I do not know by desk discussion.
It seems to be a function of CRYAB to keep necessary molecules ready for use at any time. What is
actually happening in the pathology of muscle and cardiac muscle where mutation occurs in of CRYAB
itself? Since CRYAB itself has a mutation, we cannot ask for a function as a chaperone. Furthermore,
CRYAB itself undergoes co-aggregation denaturation depending on the mutation. Desmin Myopathy is
the resulting naming, but perhaps there are a number of possible causes besides desmin. In the first
place, most molecules are responsible for “transport” of “microtubule rails” such as kinesin and dynein
“carriers” proteins. The free form of desmin is also transported by microtubules. This transportation is
not a hard rail, the rails themselves should also be kept dynamic. The pathological condition in skeletal
muscle and myocardium caused by mutation of CRYAB may actually be involved in tubulin and
microtubules. Sakurai et al. reported that fusion did not work on C2C12 myoblasts that reduced the
expression of CRYAB (Sakurai et al. 2005). In recent studies on protein homeostasis of small HSP

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-319-74715-6_13/MediaObjects/461553_1_En_13_Fig18_HTML.gif
https://www.ebi.ac.uk/pdbe


(Waters et al. 1996; Haslbeck and Vierling 2015), small HSP is conserved in eukaryotes, prokaryotes,
plants and animals, but according to the form of the living organism, the N-terminal-ACD-C-terminal
domain evolved independently and inevitably became such a structure (and sequence).

ACD is highly conserved and it has been shown that small HSP already exists in the last common
ancestor of prokaryotes and eukaryotes (Kappe et al. 2002, Kriehuber et al. 2010, Waters 1995). We
aligned the αB-crystallin homologs (including predicted) on the database and HSP 16.5 which analyzed
the crystal structure of the ACD domain and the yeast homologue, Position of reported β-sheet (Fig.
13.19). CRYAB is preserved in animals after bilaterally symmetric animals, and recent research has
reported roles in muscle development of Drosophila. CRYAB is considered to be an environmentally
adaptive molecule after the birth of an individual. Since mechanical stress is also generated during
embryonic cleavages and morphogenesis, possible involvement of CRYAB in developmental program
has already been discussed above.

Fig. 13.19

Homology comparison among species of αB-crystallin/CRYAB (a) Multiple
sequence alignment of twelve CRYAB homolog and two HSP16 and (b) Phylogenetic Tree
(Neighbour-joining tree without distance corrections) created by Clustral Omega. β-
sheets are highligted based on (Bagnéris et al. 2009). C-terminal IXI motif are soround
by frame. Dlosophila and A homolog lacks IXI motif. CRYAB/HSPB5 is highly conserved
in Bilateraia. Amino acid identities vs human by pairwise alignment: P.troglodytes (Pt)
99.4%, M.Mulatta (Mmul) 99.4%, C.lupus (Cl) 98.3%, B.taurus (Bt) 97.7%, M.musculus
(Mm) 97.7%, R.norvegicus (Rn) 97.1%, G.gallus (Gg) 77%, D.rerio (Dr) 69.4%,
D.Melanogaster (Dm) 63.2%, A.Gambiae (Ag) 47%, X.Tropicalis (Xt) 29.3%. Different
dimer structures are reported for Human αB-crystallin (β7-interhace dimer) and M.
jannaschii HSP16.5 (β6-swapped dimer) and it may reasoned by low amino acid
identities (22%)

Small HSP is characteristically found in the cytoskeleton, nucleus, cytoplasm, exosome etc. (Sreekumar
et al. 2010; Uhlen et al. 2015), respectively, for protection of the substrate. Since CRYAB is
characterized by ubiquitous membrane localization, its function in lipid bilayer membranes (Huang et
al. 2016) and mitochondrial membranes (McGreal et al. 2012) is of interest, so we take another
opportunity. Substrate recognition diversity is at the N-terminal (and C-terminal), and the C-terminal
I-x-I/V motif is required for oligomerization. The oligomer before substrate recognition, also called
latent type, constantly exchanges subunits dynamically (McHaourab et al. 2009) and stepping on so
that they can work anytime. In lower eukaryotes such as baker’s yeast, two small HSP, Hsp26 and Hsp
42 act independently and do not form hetero-oligomers (Duennwald et al. 2012; Haslbeck et al. 2004;
Specht et al. 2011). In humans (and other vertebrates), specific small HSP are hetero-oligomerized in
vivo (for example, human αA-crystallin and CRYAB in crystalline lenses) because the function of
homeostatic maintenance carried by small HSP is diverse in higher animals, which can act in parallel as
a homooligomer. (Arrigo 2013; Datskevich et al. 2012). It is the philosophy of life to advocate that life
evolves to survive and small HSP has been brought into the cell for it. Since small HSP cannot
recognize fully denatured substrates, it needs to be assembled by capturing the initial structural
changes close to denaturation as in the process of substrate denaturation. It does not require the
energy of ATP, but phosphorylation is necessary for substrate recognition under stress conditions
(Haslbeck and Vierling 2015). This is because the N-terminus is hidden during oligomer formation.

It is necessary for it to exist stoichiometrically over the substrate by more than 1: 1. Molecular dynamics
simulations of NTS in dimeric form of wheat Hsp16.9 (1 GME) (and same pea Hsp18.1) showed
hydrophobic surface patches in the range of 800 to 1700 Å 2 exposed on NTS, can access to the area of
expanding substrate (Patel et al. 2014). Overall, there is extensive support for the main role of NTS in
substrate binding. Independent evolution of NTS and CTS suggests that there is a change in the profile
of the substrate recognized by evolutionally distant small HSP. The I-xI/V motif binds to the
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hydrophobic groove between the β4 and β8 chains within the ACD of the proximal monomer when the
C-terminus is dissociated during oligomer degradation to expose the hydrophobic patch (Delbecq et al.
2012; Laganowsky et al. 2010; Treweek et al. 2010). The interaction between ACD and the substrate
was hardly detected in crosslinking experiments and the β4 - β8 hydrophobic groove was less
accessible to the hydrophobic surface for substrate binding than NTS (300 Å2) (Ahrman et al. 2007;
Jaya et al. 2009; Patel et al. 2014). However, it has recently been shown that FAK binds to this area
(Pereira et al. 2014). The hypothesis that withstands poor access is to use a structured β4 - β8 groove
rather than the flexible N terminus for substrate protein recognition associated with cell death
problems such as adhesion. Generally, N-terminal phosphorylation is necessary for activation, but we
proved that the phenotype can be recovered without phosphorylation under non-stress conditions
(Shimizu et al. 2016). CRYAB has been shown to interact with the FAK-focal adhesion targeting (FAT)
domain in such an amount that phosphorylation is absent. The helical bundle structure of FAK-FAT
domain is also contained in vinculin α-catenin (Hayashi et al. 2002) and we believe that these focal
adhesion molecules are cared at the same time. Comprehensive analysis of recent astrocytes reports
that cytoskeletal protein recognition by CRYAB does not require phosphorylation (Kuipers et al. 2017).
CRYAB is always important to maintain homeostasis, adhesion integrity, even under stressful
circumstances that can be easily imagined if it is mechanically stressed like a skeletal muscle. For
caring for the cytoskeleton, activation by phosphorylation may not be required. Interestingly, there are
no cysteine residues in HSPB5, 6, 7, it is impossible to form SS bonds which harden the structure. This
suggests that the dynamics of these small HSP themselves may increase the efficiency of substrate
recognition and also acquired greater chemical stabilities to oxidative stress. As we mentioned above,
the small HSP dimers may be always monitoring the structural integrities of the structurally unstable
substrate related to homeostasis.

13.6.3 Maintenance of “Dynamic Fiber Structure” of Tubulin /
Microtubule Showing Dynamic Instability among Complicated Cells
and Support by CRYAB: From Domain Mutant Analysis

The subcellular localization of CRYAB and tubulin was completely consistent and co-precipitated by
immunoprecipitation. Previously, we designed several truncation construct, expressed in bacteria, and
examined the interaction between free tubulin and one of three of crystallin domains (Fig. 13.20)
(Ohto-Fujita et al. 2007). Other model substrates such as insulin showed no chaperone-like activity
even if the N-terminus is missing. On the other hand, when tubulin is a substrate, even if the N-
terminus of CRYAB is covered, even if there is no C-terminus, if ACD is present, the increase in
turbidity due to heat denaturation can be suppressed. Although such truncated domain analysis is not
usually done by small HSP researchers, our results showed that substrate recognition for tubulin is
obviously an ACD domain, but what kind of interaction it is still unknown. Fujita’s data showing that
CRYAB interacts with various model proteins at the N-terminus is consistent with lysozyme
recognition by Mainz et al. (Mainz et al. 2015). It has been known that CRYAB has an effect of
suppressing the aggregation of amyloid and α-synuclein so far, but this time it was found that ACD is
an interface to Aβ by Mainz et al. (Mainz et al. 2015). It is interesting that ACD is used for tubulin
which similarly fibrils. Clark et al. Synthesized various peptides of CRYAB, investigated the interaction
with tubulin in vitro, found the region 47–49 in the β-tubulin sequences and the I-X-I/V motif of
CRYAB β8, suggesting that tubulin monomers or dimers may be added to oligomer formation between
small HSP (Houck and Clark 2010).



Fig. 13.20

Model of interaction between αB-crystallin/CRYAB and
tubulin/microtubule. The reason that CRYAB binds to microtubules in cells in which
dynamic instability is functioning: The interior of the cell is like a crowded train of
macromolecules (A: Goodsell). For microtubules dynamic instability, it is necessary to
place free tubulin in the vicinity without denaturation. CRYAB also binds to reassociated
microtubules containing MAPs or to disassociated protofilaments (B). It hardly binds to
microtubules and protofilaments associated with Taxol except for MAPs (C)

How is the actual assembly and disassembly of microtubules in complex cells (Fig. 13.20a). Myofibrillar
proteins that produce sarcomere as striated muscles lined with narrowing. Furthermore, the muscles
“contract”. Even protein titin/ connectin that is responsible for elasticity of sarcomere changes
elasticity, actually the length of sarcomere changes with increasing and decreasing Ca  concentration
each time it contracts. Elevation of Ca  enhances F-actin formation, but microtubules tend to
dissociate (Fujita et al. 2004). Being associated / disassociated with microtubules means that
microtubules cannot be maintained unless unmodified tubulin, which is free of denaturation, is in the
vicinity of microtubules. Figure (13.21b) is a photograph taken together with a photograph of an
electron microscopy image CRYAB was attached to microtubules as previously reported (Fujita et al.
2004). When assembling microtubules in vitro from tubulin containing microtubule associating
protein (MAP) it would probably be possible to produce protofilaments shown here while repeating
association / dissociation. Many oligomers of CRYAB are bonded to protofilaments. If tubulin can be
added to the CRYAB oligomer containing its small HSP, it is more convenient and functional (Houck
and Clark 2010). It may be possible to establish a basis for maintaining and updating proteostasis that
permanently withstands myocardial and contractile contractions only when this oligomer binds to
microtubules and maintains its dynamic state. In fact, it has been reported that passive extension force
increases as CRYAB binds to titin. Sarcomere is a dynamic structure and mutants of CRYAB that
cannot form oligomers, binds to titin and does not leave immediately therefore it is reported to be an
obstacle to contraction (Bullard et al. 2004).

2+

2+
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Fig. 13.21

Chaperone-like activities of αB-crystalli/CRYAB for tubulin and microtubule
relating to its domain structure. (A, B) NTS (N-terminal side) of CRYAB acts to
suppress diassembly for microtubules. (A) Inhibitory effect of microtubule diassembly
during treatment with 1 mM calcium by CRYAB. After assembly of microtubules for
15 minutes in the presence of various concentrations of CRYAB, 2 mM calcium at final
concentration (free calcium concentration is approximately 1 mM) was added (at the
time of the arrow). The change in turbidity was shown (relative value with turbidity taken
as 100% after 15 minutes from start of assembly). (B) Suppression of microtubule
disassembly after treatment with 113 µM free calcium concentration in the presence or
absence of CRYAB. Microtubules disassembled for 15 minutes in the presence of 0 or
10 µM CRYAB and then the change in turbidity was measured after addition of calcium
(free calcium concentration is approximately 113 µM). Assembly amount was shown as
the ratio of the average value of the turbidity immediately after addition of calcium.
n = 6, ** p < 0.01. (C) ACD of CRYAB has chaperone activity and suppresses
denaturation of free tubulin. Tubulin (1 mg/ml) and MBP fused deletion CRYAB
(0.3 mg/ml) were incubated for 2 h in 80 mM PIPES (pH 6.8), 1 mM MgCl , 1 mM
EGTA, 1 mM GTP at 42 °C and the turbidity at 350 nm was measured. (D) Construction
of deleted CRYAB. Structure of deleted CRYAB used in the experiment of (C). Each
domain was color coded. The number of each construct indicates the amino acid number
from the N terminus. MBP was designed to be attached to the N-terminal side of each
deletion CRYAB. (E) Domain structure of CRYAB

To summarize the data of our laboratory (Fig. 13.17), not only CRYAB took care of the free tubulin at
ACD but also was in charge of MAPs by N - terminal. In the small HSP research society, it is essential
that small HSP form oligomers, so it is common sense not to perform deletion analysis. However, our
findings are consistent with Mainz et al. (Mainz et al. 2015) and Pereira et al. (Pereira et al. 2014)
showing FAK as a substrate of CRYAB molecular chaperon in vitro and in beating cardiomyocytes in
vivo. Looking at those data, experiments detected the correct information. CRYAB that can interact
with various biomaterials saving the aging society is believed to have supported and contributed to
evolution from primates to humans. Evolution of the eye as an established organization has been on
since the Cambrian era. The visibility and action strongly link. And CRYAB is a central molecular
chaperone supporting visual and exercise for evolution into humans after living on land. Furthermore,
muscles (slow muscle, cardiac muscle, diaphragm) with high CRYAB expression can be maintained
healthy by appropriate exercise by human will. In order to prevent neurofibrils from becoming
aggregates at an early stage, a specific method for inducing appropriate CRYAB is required. It can be
said that it is an HSP which is the central axis of countermeasures for aging society.

13.6.4 Use of Pulsating Myocardial Cultured Cells as a Non-stressed
but Constantly Mechanical Stressed Model

CRYAB is thought to recognize a slight structural change of these proteins "initial structural change of
fibrillated protein". We studied this by FLAP which shows the exchange of molecules of living cells Fig.
(13.22) was studied by introducing GFP-CRYAB into pulsating cardiomyocytes, and ytescrystallin
turnover was less than 1 second. As a preliminary experiment, CRYAB with tags for visualization and
tubulin interact with each other by FRET analysis. Although this may reflect the quick subunit
exchange between the CRYAB oligomers, adding taxol or nocodazole, which is a microtubule dynamics
modification reagent, changed the FRET profile by these reagents. Therefore, it can be considered that
tubulin is contained in at least a substrate on which CRYAB n interacts (manuscript submitted).
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Fig. 13.22

αB-crystallin/CRYAB recovered within 1 second at the substrate protein. To
investigate the kinetics of CRYAB inside contracting skeletal muscle, we performed a
FRAP analysis of CRYAB tagged with GFP. (a) Cardiomyocyte transiently expressing
GFP-αB-crystallin was imaged with a Zeiss LSM510 microscope. A typical single whole
cell is shown in leftmost panel, and enlarged time-lapse views of the area indicated by the
white square with pseudo-colors are shown to the right. GFP fluorescence was
photobleached in the red-boxed area in the ‘prebleach’ image. Images were obtained
before and immediately after photobleaching at 37°C. Scanning times were 124 ms and
39 ms for photobleaching and imaging, respectively. Bar = 10 µm. (b) The fluorescence
intensity in each bleached area shown in top was plotted as a function of time.
Mean ± SD. n = 10. (c) Striation of GFP-αB-crystallin in non-stressed beating
cardiomyocyte. (d) Marked striated GFP-αB-crystallin after severe heat stress at 44.5 °C
for 1 h

13.7 Body-Mind Integrative Science From Small
HSP/CRYAB

Even 10 min landing/day stimulates muscle and brain-behavior.

Movement/exercise integrates a dual life unit consisting of activity-dependent life systems cell
and body: Sophia and Phronesis.

Knowing the role SMALL HSP/CRYAB that has played in the evolution and the its existence
taught us the importance of correctly exercising and acting on us living in an aging society.

13.7.1 Even 10 minutes Landing/Day Stimulates Muscle and Brain-
Behavior

Rat hindlimb suspension is a slow muscle atrophy model. However, it can also be used as a research
model for mental disorders. Therefore, the feet hanging on the hind legs were allowed to land for
10 minutes a day, and we observed the change in behavior by conducting an open field experiment in
(Fig. 13.23). In rats with hindlimb suspension only, after one week, the free movement distance in the
open field decreased. Not only did the expression level of CRYAB in soleus muscle of rats landed for
just 10 minutes were significantly higher, but the activity amount in the open field was also not
significantly different from the group with only hindlimb suspension, but it tended to be high was
there. And, looking at the relation between the activity amount and the change amount in the open
field of the rat before the experiment, there was no correlation in the group with only hindlimb
suspension, but the relationship between both control and the group landing for 10 min was similar.
That is rats that were active before the experiment tended to be active and continue to exist if hindlimb
suspension conditions to land even for 10 minutes. Our test was rather small, and it is necessary to
confirm the result in large scale. Also, if it gets bedridden, if you provide an appropriate program, you
may be able to maintain its activity.
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Fig. 13.23

Exercise facilitates proteostasis through cytoskeleton protein dynamics

The aspects of mobility of individual activity were maintained by landing just for 10 minutes during rat
hindlimb suspension as human bed rest model. However, it is possible to understand for us as follows;
this result suggests that exercise is not only raising physical strength but also the possibility of growing
active mind trying to live, especially in the case of humans possibly considering into “pursuing and
cultivating “human will.” Based on the rat’s experiment, by educating the essence of activity for human
beings, if the mind becomes active, that human seems to be able to create a circuit that changes the
brain’s circuitry and lives positively.

13.7.2 Movement/Exercise Integrates a Dual Life Unit Consisting of
Activity-Dependent Life Systems Cell and Body: Sophia and
Phronesis

Molecular chaperone research should be categorized as the science of the bases of “adaptive life
system.” It is a fundamental academic field that can simultaneously present not only knowledge
(Sophia) but also practical knowledge (Phronesis) which enhance one’s homeostasis. Although there is
growing attention to drug discoveries targeting HSP, HSP science should be heading towards a
complete understanding of proteostasis mechanism which supports sustainable 100 years’ life. We
should move on to elucidate the adaptation mechanism of the system. The living is the continuous
adaptation to the environment itself. That is, the biological system is possible to change because there
are incredibly dynamic responding systems of the cells that make up the individual. The gene encoded
by the sequence of the genomic DNA in the nucleus, cell transcribed a mRNA. Followed by translated a
protein after receiving a signal corresponding to the stimulation/stress from inside and outside the cell
and following many steps of reading the gene like transcription, translation with modification various
RNA levels in an activity dependence. We will change our body. The first stimulus/stress does not come
to genes cannot be read, just wait for decay. The ecological system circulates individuals decaying and
changing to the ground (the earth). The life of one human being is the only one that cannot be replaced
by anything. The recommendations of UNESCO in 2015 appeal to the essence of physical activity to
create a world where each one can motivate themselves and actively. For that, it is necessary to have
body-mind integrating science supported by HSP-based proteostasis system shown in (Fig. 13.24).
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Fig. 13.24

Good effects of landing stimulation to hindlimb rat on behavior during open
field test. In the hindlimb suspension (HS) group, 10-minutes-landing gave positive
stimuli to rat and may improve soleus muscle atrophy, increased αB-crystallin/CRYAB
expression in soleus muscle and also interbrain. It is postulated that possible significant
relation between antigravitational muscle and interbrain to keep spontaneous activities,
because positive relation between before and post-experiment was similar to control (C)
group and 10 minutes loading (10LS) group. Landing stimulation is very important to
keep active emotion

Here are words from distinguished scientists who amazed by a dynamic system of the cell. Gen
Matsumoto, a formerly physicist, later brain scientist who made it possible to keep squid in the
aquarium for the first time in the world, says animal cells are “output dependent” (Shigematsu et al.
1999). Matsumoto wanted to use big neuron of squid to start brain research. He understood our
hypothesis to connect body and mind and the importance of exercise. Nobutaka Hirokawa, who is a cell
biologist to study kinesin motor especially the brain and other cells, was surprised to find that kinesin
protein was transit from the nucleus and work as a motor of the microtubule, immediately after neuron
received calcium signal responding stimuli (Hirokawa 1998). Humans are multicellular animals, of
course, adapt to an environment in the body as individuals. Only the brain and muscle alone can’t stay
alive. Even if you strengthen your neuromuscular workout, you will suffer joint pain, for example, and
do exercise mood will be gone when it becomes difficult to move. Kids play actively using their bodies
in anytime and anywhere as they like. Circuits connecting brain relations with the body will master in
actual movement.

How to incorporate voluntary exercise as the foundation of an animal system in modern sedentary
lifestyle is a big problem of the aged society. Aging science was born out of human problems. Each
human has a will to live, will to exercise and act, and education is also possible which is a crucial
difference because humans differ from other animals. The human brain is different from other animals
because it makes a body capable of diverse activities. So it is convincing logic and background to
maintain movement diversity research is necessary, and HSP should be a target. However, from the
principle of life and the principle of adaptation of HSP, there is no research field which makes clear the
essence of human movement at all. From the human life system itself, knowledge of life science,
“exercise” is a stimulus activate the life system, so it is clear from the stress response of the cell that
body activity / physical activity is active. As the physical activity is declining as age, exercise will
become the primary strategy for maintaining the healthy life.

In UNESCO’s new international charter revised in 2015, not only physical education and sports but
also “physical activity” was added to the wording. In fact, half a century ago WHO had a “human
biology” perspective in the definition of health. But since the discovery of the DNA double helix
structure in 1953 (Watson and Crick 1953), the viewpoint of seeing the whole human life science
disappeared, reductionism and the science of science has become prosperous. “Exercise insufficiency”
was born of a phenomenon in which low activity of daily life correlates with high mortality rate and
prevalence, but it replaced words such as “lifestyle diseases” and “metabolic syndrome.” “The second
term of National Health Promotion Movement in the twenty-first century (Health Japan 21 (the second
term))” (hereinafter National Movement) from 2013 fiscal year to 2022 financial year proposed
Program to decide the amount and strength of exercise for improving energy metabolism and
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circulation. However, even if decides to exercise, he/she will not be able to exercise if the locomotive
syndrome develops after the start of exercise. Exercise is an action that can be spontaneously
performed only when the “moving system” of the body normally operates. There is no policy specialized
for the elderly.

13.7.3 Knowing the Role of Small HSP, CRYAB that has Played in
the Evolution and the its Existence Taught us the Importance of
Correctly Exercising and Acting on us Living in an Aging Society

The integrated medical project was running from early on in the United States because the state-of-the-
art regenerative medicine took too much expense. But the plan was found to be terminated because less
promising, and the health support program has begun instead. However, health support research also
does not support health if it ends with phenomenology. Furthermore, although the merit of physical
exercise is to activate the entire human body, physical exercise science follows reductionism same as
modern life science, and it does not work for the integrated body. Improving only one muscle strength,
it doesn’t make people healthier. Also, both epidemiological and psychological research also don’t
contribute to individual well-being maybe because they don’t give a practical program how and what to
do. Exercise requires coordination between nervous and musculoskeletal system not to fall in the first
place. There need to explore new exercise science to solve all the point above. Here we propose modern
chaperone cell science which handle mechanical stress comes from daily exercise. During fertilized egg
becomes an individual, the entire developmental process including early cleavages, embryogenesis, and
morphogenesis are full of “mechanical stress” so there must have a biological function to handle it. We
think it carried by HSP.

Many stars were born and disappeared in the universe, but it has become clear that there are not many
stars where human beings-like creatures evolved. There was a physical and chemical environment
namely stress to produce life on this planet. As “humans are born to run,” it is natural to consider that
mechanical stress also pushes the Homo sapience evolution forward. On the other hand, it’s well
known that HSP90 is a capacitor for evolution so why don’t we include mechanical stress for HSP
research. The living environment changes the way of Human movement. Our unstable bipedal standing
posture can produce a tool. The shape of the body that counts the fingers is not only the tool but also
the form of the body that creates the device. Human skills like touching and wandering may evolve
from the shape of our body. Its amino acid sequence shapes protein. It is called Anphiensen’s dogma.
Each protein form determines the function of that protein. In cell HSP supports this creation. Small
HSP CRYAB is still advancing evolution as a supporting entity supporting the standing body in the
interaction with the environment.

13.8 Conclusions

Japan is the best longevity country in the world and health life expectancy is also the world’s best.
However, there is a difference of about 10 years between the average life expectancy and the healthy life
expectancy. One of the reason may derived from lack of appropriate research area for solving world-
wide health problems. In this review we described one of the small HSP, CRYAB, as an example of
problem-solving research target. CRYAB supports control of the responsive dynamic structure of the
cellular system. According to from the database (https://www.ncbi.nlm.nih.gov/gene/1410
(https://www.ncbi.nlm.nih.gov/gene/1410)), CRYAB mainly express in lens / cardiac muscle / slow

muscle / brain, however in this database data of slow skeletal muscle are not included. Especially for
maintenance of QOL of a person, CRYAB is a core HSP. CRYAB was one of the subunits of a-crystallin
discovered in lenses that support human vision in 1894 (Morner 1894). Muscles are filled
longitudinally and laterally with myofibrils, and CRYAB is 5–6 mg/ml, but the lens is 800 mg/ml, 16
times more the muscle concentration (Seevaratnam et al. 2009). It seems essential that both lens
(Barnes and Quinlan 2017) and muscle are dynamic. CRYAB, which supports a vision, also endorses
the standing position of the person who was to provide a birds-eye viewpoint. Interestingly, the
dynamics of “fiber” is the key for both lenses, muscles and conformation’s diseases of the brain. We are
waiting for the elucidation of the molecular mechanism of CRYAB that supports the dynamic fibrous
structure. The practical knowledge Phronesis advocated by Aristotle can actually lead to the logic of the
substance of life by connecting how to work correctly. We would like to point to the creation of a
unified science that integrates the body and brain/mind, which makes own cells in the organization
that is the core of human body efficiently activate/utilize resulting in creating humans from the insight
of the global environment in which vertebrate animals that produced CRYAB were born.
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