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Gravity health science from the future Kibo space study outcomes: Is gravity adaptation
acquired by a mechanical stress-responding molecular chaperone aB-crystallin ?!
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Abstract: Space biology may contribute to health science especially in aging peoples, described as
“The G-Connection” showing disuse atrophy phenomena written by astronaut Joan Vernikos. In space
we cannot utilize well own life system evolved under the gravity, which is induced in the way of
activity-dependent. The human being is a vertebrate and mammalian, evolved based on a principle to
move, and in addition multicellular organism, having soft/elastic/flexible cells, differing from plant
cells and microorganism with the hard cell wall. Therefore, it is valuable to compare responses to
mechanical stimuli among various species. Recent studies show that aerobic exercise, which is mainly
produced by slow antigravitational muscle, to induce coactivation of mitochondrial and cytosol
myofibrillar protein like myosin by PGC-1a is beneficial for protection of life-related diseases. Cells’
activities during the exercise contribute to our health. Maintenance of homeostasis for proteins with
fibrous structure like cytoskeleton associating with the motor protein and extracellular matrix (ECM),
which produces force, transfers it and convert it into motion like walking and running, is deeply
related to health of our body, which consists of sixty millions of cells to live autonomically interacting
together. Our body temperature is about 37°C. Since it is very difficult to keep right protein structure
under such higher temperature, all biological system has developed molecular chaperone/stress protein
system, which helps keeping protein structure naturally, refolding denatured form or breaking down it
using special gavage system like proteasome and/or autophagy. Most of cellular organelle like
mitochondria producing ATP, endoplasmic reticulum storing and releasing calcium as a mechanical
signal, lysosome digesting unfolded protein or damaged organelles associates with cytoskeletal
network, composed of microtubule, actin and intermediate filament, which organizes spatially the cell.
As a result, cells respond to mechanical stimuli dynamically regulated at dual levels of molecular
turnover and chemical equilibrium of assembly/disassembly between free monomer/dimer and protein
higher structure like filaments. Microtubule develops more abundantly in slow/gravitational muscle
cells corresponding to more mitochondria to endure/support tonic contraction. This study is designed
to elucidate cellular adaptation mechanism of slow muscles, which highly develops in the human being
normally to be active standing position with two legs, compared with four-leg animals. In soleus a
molecular chaperone aB-crystallin expresses and supports endurance of tonic contraction. We focus to
elucidate the mechanism of sustainable dynamics maintained by aB-crystallin and tubulin/microtubule.
Recent studies show many roles of aB-crystallin probably as molecular chaperone for proteins of focal
adhesion like integrin, free forms of three cytoskeletons, caspase 3, of which cleavage results in
mitochondrial apoptosis, unfolded proteins to proteasome with FBX4. In this study, we try to visualize
a principle of cell responses cooperating for force development, mitochondrial activation, cytoskeletal
dynamics observed in tonic contraction, using GFP-fusion proteins and fluorescent dye to measure
various functions and elastic profiles, both analyzing system workable on the earth and in Kibou.
Some applied methods have been developed to induce aB-crystallin and/or factors consisting of slow
muscle like mechanical stretch, mild heat stress, and the use of eggshell membrane. From these basic
biological adaptive mechanism evolved on the earth, we propose strategy of gravity health science to
protect against anti-gravitational muscle atrophy induced long journey to Mars by the human being,
and aged people.

155


mailto:atomi@idaten.c.u-tokyo.ac.jp

Space Utiliz Res, 28 (2012)

Key words: cytoskeleton, tubulin/microtubule,
anti-gravitational muscle, mitochondria

==

1) F=

i

1. MEARICEIEREHLEETEER-FEHE
RO S0 H DA DERE —

WA AR BRSO F BT, RNl
RIEENC L DB DOINa L RUT ORRALEE /) DR T &
B2 B (R DZEMEIC L DZ LML > T
720, SIRECOBATRIE B2 H B LT e T, &I
i CHDPUE S - T ARH AP A & RIS 2R 5= LT
BYY HEHERS T, TR 10 (5 ThD, BT, 1 AR
Ao SRR AT AT SN I R A SRR 1
LR/ B ERME DU L 7 D= L X — B A
S73barRYTIZLD ATP BEEAICH ST T HNDM3,
MR RE 2D 2 R 2 R ISR B L~ L TR BL% 5
T 57T 4N—H4 PGCl a b -oTNAZEE,
IN—3—R KZ0D Spiegelman WL CTIIkE I HE
LML TE, ZOay s 4_X—F X, BT Tix
7o, TR F — O LI & B RN TIRFZE A1
FET D20 IR, 2L CEnSE I
DRIV TH R B L TWAHZENHE L)
WS, B EIR (IR BIRTO Y AT~ T 4773
TR DTFAEN RS L, EGITB T DR 5 ) R
BHZOMEMEOY RSV,

2. FHAYRE-FTHEBRBEETILICKYRNES
NERENHOBLEFESEDPFEANREY
/X9 & (sHSPs) - a B-crystallin SHIAE&-F1—
TV /MINE

FHICBITLEBEHOFOEMEET VTHHT Y ME
e 7 UL, EBEOFHEREICB T 280 A
B DAEMRIGER Fa IBL TODZERHLMNC
2o TCWD, Fox1E, K 20 EERiIC, 20T AEHAWT,
BT A OZFEHE T RN R RO T DX Rl
L C. aB-crystallin @ EL7=*, TDH% . «a
B—crystallin 1%, AR AZ L 2R7E OB D sHSPs D —
DTHHIERHELNIT/RY, BAETIIF L RTEDE
MaBH (BPEUINT T2F o I B DB Tl RET) .
HONTEMELEBEILE T 22 L2 T2 DIT o fif R
BATSHDZLED RNV ETHIEN cyclinD1 THG
(2725 TN,

C-elegance TE\ av 7[R (HSF1) Z I FE TS
EFMN 1T LR 32, ZORRIRbANH 37
B OEEIENCE 5 LTI-0D7A sHSPs Tédh-7=, sHSP i1,
ST BMR/NEVIN, 2432 ST IESEA K- AT~
—Z TR D727 SR 2NEEL < HSP70 <2 HSP90 0
FHMRAN ARG L RTE X OB R BTN D, Fox 1,
a B-crystallin D282 _IEEEinF LFRINTER
L7, sHSPs 234381280 C RITHTVVEIK D a—crytallin
domain 23, MG D —2>THLF 2—T Vo P/ NE
D7V —T 3 — L) DIV THZ L2 HE O
TWBY, SBICBKMET I BRI N RIEIZS, BT
F— L TCHAWUNERESZ 737 E - MAPs &+ B/EH

© ISAS/JAXA 2012

molecular chaperone, aB-crystallin, ECM,

5% o B-crystallin OFEHLD 5O T OF) M0
7 VA —<HIR T, M/ NEBLE A RO /a5 — iz
%4 DEPUE TN, R T 4T A RS RIS
— T —D2EARETHY, ToF U LM BRI
WTHBIRRA RSN TNDY, N TR TR
LCWa & FEE @ (UML) @ HSP2T &«
B-crystallin DN X SHIZFDOVA LT +— L
BHEANL TWA, ZAVUTEMEL =20 N7 DR
NORHET DD THHEEZHNDY,

o I AN = /DR R RV VAV “ B N S
1Z7220 08, sHSPs S B 48 D7V — 7 4 — AL HH B AE
T H2EM0, FD TV —T7 4 — LD LB
i 2 HEFF -2 2L D O BB A& O FEAR B & 27 Al 4
M. aB-crystallin OB OL WK TIXAS{bEIC
B ThHER SN TWALEWIRSIDNRESNS, 2
R~z PGCL a BSERF DXL R B R ORvar N7 4
YRTEERRFL L THIEIL TOD23, 20 PGCl «
H R ZHIE T AR 23, FITNE O RS ICEETS
W NEEAHIEIR THLEX ) — Lo/ ak ) — )L Th
5HZ L8 EEE Spiegelman DRFFEENSEIE SN TRY W
ZORFUZIFIELWEREbS, L F2—T7 V0
TP OWUNE RS GREF OS2 E(b) N EE
TIDEE L T AHZ LiL. Tabony DF )V — 7 DML 22 %
FEERCHHLEZY,

3. BEBICBT2NEMNEE~DREESAFTIH
ADHE 3ODMBEEREERNRDITILIFU. M
RAERDFTAFIIR

B BT DA R DR ZE 1L E o TN TV

D3, Bl MRS A AL BLL TV D RS X

BTHHTFI B B, —HFTHUNEEREAL. bo—

FCHEAFIF o 4N L TR T 4 EFEA LTS

TEMHIESNY, DA T 3T IS B T

BREEDT I F T4 TA IRy T =7 LB R LT

HIENHELNICIINTND, SHITE TIX, 320

W E A A RS T RH L RIE TV IF (T TF T

SU—) BFBLLTRY, MDA 3 EARTED

HETILOLF ¥ RN Z L RS A RbEE-

TWDRRAL O AZ AT i Tl O & BEL

HEL'D | R b A I 6 I T A BB B HE R A - T

VWD, IR E Uit T 2 BT E ) 5 T, SIS 2 A2

EETATL TN T DR L — G | X 08

RS /3T EDE -y fRZFHE T DML E R HY |

IR LY IPa L RUT RV Y — A DO NFER

AN/ NS E 2L BB SR T2 0 BN B D, 4

INE LT N OB EZE AW LT TE 7z NIH O

Ralston ®Z/L—7"9% MEAED ASCB T AD R

DINSTR B Z R ITBAITL, BEMEE T T NE D~

FTAGIAE AT DXV EB1D GFP &2~V 8

DHF AT IV A E T OHFE OMfE & RARICBIZE S

HZEERN LT RIZ N — 1% PN TR R RHE T

BLFEELTWAIELMEL TWDY, ZoM/ E1E,

156



Space Utiliz Res, 28 (2012)

TNTERDE AT IV A HERFL TR0, Ml E k&
el PN B S A3 BB 32 19 R R L S UL A RR SRS T
FATIVAEBIEZTEDLHIETIE, TORELZHZL
IMCTDBIENTEDIENRENDDOHD,

4. BIRMINMEEZZSHEMMEELEH LN
DEDHRAF AR R+ a B-crystallin/ w97
FRHORIE RARLAANDEHRENEIET S

FHIZIBIT DB A& HH O ZEAE LI # O BIfR & #72
WA DD FHEBREE~O E HIHE CILEE (B
HE) DGR R THY  BIHRMED T I F 7 4T A
YROEEDORFINARAE SN TNDY, o B-crystallin
HLED TH Vv u B REEZ L DO AN AL LRI
Fli 2 ORI B H R DOIFRE~ T AR B, B
VRIE DOEE A RS E A B HEESN T Y,

a B-crystallin /v 77 7hwD AT, KE7ebghERRE
ITEISN o722, UL, aB-crystallin /v 277wk
T ADL A SFEE LTI Tl B F ) Bl 22 S
AU, T IR Th D pb3 DIREDIR T ElH L7
B EBIZZOMMET LA AT Bai et al., (2003)i,
HfQ HESH OO B A L YRV T Lin et al., (2006)1220
a B-crystallin(-/-)#ia2 AVC, filaE o G1 #Hins
5 S HA~OFIEINFTHD D1 VA7V NarxF o7
077 — AR TCHIRENAZENEESNIZZEND,
b X F AL REAR DR F YT —F B3 (s
#) 1%, FBX4 & o B-crystallin O SR THAZ LA I A,
L%, Z® a B-crystallin 13V B 7+ — L Th B,
P38 MAP &+ —F2L5 57 FHH DBV DUk,
Xy AN—E 3 OIEMEAL (BN Z23HEIL, TR A
~OBATELIET 2229, 2oV bo&EIXE
TP IR RSO, AR S OV P Iz k> T 2 ME~
VRTEDEEE G T HDIZEF B LTV D,

LERRITEIZEE R T AN AZ U R TE N LFEBLL
TWb, ABHFRER TIX, X2 V-EDE L RO
T ERBDT, SFE0 g EAEERL WO AIEZ 3y
B DORAFT ALY APHERFS LT, MEHHEL, 2
ra RUT 3L Ibar RUTNTO ATP FEA LI
BT RERDBERELE 1 ICL il =TT
RXZ71L 45K NADH O HTE#HE L 7= 7 = F LA L%
B THLV—FT a7 7IV—0, OO T NT
VATREFMBIR BT RE R T ZENALNITR -
TED), AN R S — DR B 240 B
avIRFbEY —F 2O T BT vbEnd
ZETIEMALT DY, r—F 2 T, b RUT L B
I E DOWT I THHEREL TS, RS IT. ek %E 2

S TWIERCNRE O AE OB O RIE T2

R ZTE VL (BDWIINE]) 35D FE 70K Fl R R
B RTERELIZENSDAH R R OIL AL 2
T LHERE R DER, SHIZIZFENLDRF O E %
W5 TREIBDRER Y T EDORLEEMERE N
FAEIZBERLTWALEE ZHND I~ T, HEEE
FROMRE R 1L THERE T A X L RV EHIZEAREETH
BAEMENKREL, NI EDH— 2 F—/3— DFD
BRERDEBIZIFER T D REDMERF D gL 725, H

© ISAS/JAXA 2012

& B AROHERE (D FV T 4T A MO E - FL#E D
HRIRREDHERE) (12 ATPXS GTP O FLX — N T
HD, EFHOFHGEHIAEE X, D TP 72 NAD 1%
B BAERY BRI KD = R X — A L H R
DRAF AR AD gz AT 2 Thdh D, £z RV
X —PEAET T Tl ZOMREEMERFT 572D UCP
DIEMEALIC LA EGE A R BN S A L CIR A
HEFF T A2 LB RIERITIT - TS, 72 b BRI
1L Z N TEDEL L EBICEm<THIET, M
JaDEE REBEIS BRI QD EBW R D, BN
TIEE OIREETH 30%EVIEWEIEWVEILLTWD
ZENHESN TN,

FHOM/NE S BRE CEMTD2OFER THY, &
EEERICBW O RENAL T 201385 TH D, 1
FRANCIEEIL TWADZEFDTEN, MEFFICLE DT,
FEDEMERDIFF N —=0 7 X0t B DR
OMIIRAN A DB A HEFE T 20 Z 2 I 52 51F
DT DEME~DOXIGER 72D A REME D B D, T~ 1%,
AR F IR A NLRIRED FHQCH FHT PGC1
o DTEPEALD | SRR i S1c k0, 2 bz
TEMALT DT LN ATRENE DN EMFFEL TD, Floth—
F oA U RERIEHAL T D EVIRY T = ) — VFRE D Bk
BB RO A 2L OBy T2 ORI AL % 2
SNHMHELAARND, L, WFIC R IFoiEENT
WIH T D, BRI 2 R RS Rtk Ll o & 2 &
O T A EANE ST I LT B 15 D ZEHER 1
A=A LOfREPIIT M BT, RAFFETIE, EFE «
B-crystallin % #i - 1L CEIEMINAEZ AIREIC T A Mla D
- RE I BRI A AT LT 2 32 R % | T ITHIA
B R TR T 5,

(2) HWREE

1. HRasEER
DINETOWRLSBOREDES

X1 112 2000 4= (23 55 U7 ik A2 55 5 Mk A6 A0 B & e LKA
(T ) OMIAD E IS E 2R, AJEE K CENRE
THMAFEE //SAD A6 HILOHIIEELSRIL, 6G Th
KAZZR B3 LML TIE 40G &V, T M3
HHRE 16 & o B—crystallin DI ELAHIRU 7~ L6SE AHfE &
O A6 RO EE R L ECOBENEE S XA LT 7 A5
TEIRLI-EZA, KB IR TINE -2 (1FEAE
BEILZR) 23, A6 i M O o B-crystallin D38 ERAH)
il L7 LAS Fllia TIZB BN L 23K 4 7512 Eado7z, K
B ChHHE /I AD A6 #lllé o B—crystallin DFEH,
ZINZ T2 L6AS MO S FEIL TN DT & Lk
RN, o B-crystallin 1%, BRIRPEIGHE I Z L BE/ i in 25
BB 2 TE R AR R LGE T | AR S B9 R RIS
s CEAINMEEEZ X2 WD EEZLND, BT
13 Z WOWEDBIENZEZHHS T OB LR, Bis
a O OORRETIE, #EAILIIS TS Z #
DRI S NDD),

X212, B E S IZBL TER T &
IZHOWTEED T,

157



Space Utiliz Res, 28 (2012)

2)MBEOBEARBELIATIVAOAEILE O o
B-crystallin 0 RFZ2 [ Hy B2 28

< O EEBRN VBTSN, ARSI EITY )
T a B-crystallin OFELAHIEIT 2L T, R HEHEF
M B D THERE O S JIE TE DA (ot 1
L LR L — P —BAMBE TIER L 727 27U L 7 IR D
~A7aflL; 2 3) F IR IR/ 55 R/ s T R e
LARPESHE, TOEEE RED 3 BEEETHIET D,

.
E
E
:
i
§
&
™)

Cell Speed of motility (mm/h)

@
=]

.
.

e
AN
Mammaliafr-,,
cells

n
=]

Proliferation

=l

0110 4 100

0
Gravity

A. Gravity to enhance proliferation was about 5 G
for A6 compared with 40 G for mammalian cells.
This difference between them may be related to
K strength of cell adhesion,
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Fig. 1 Specificity in proliferation, responses and speed of cell motility of
amphibian Xenopus A6 cell & mammalian rat aB-crystallin-antisense cell

mHow to study “An animal cell responses
to gravity” from a standpoint “Gravity

Health Science”? —Examine “sustainable
responses of animal cell”, related to adhesion, tonic
contraction/sustainable tension development
—Verify an idea and a method to analyze of motile and adhesive
properties of animal cells

“Animal cells are very dynamic!”
oThese properties may be dependent on dual turn over of
molecules and formation of protein complex like pelymerization/
depolymerization (depending on energy usage)?
oVisualization of energy preduction & utilization at tonic
contraction (mitochondrial electrical potentialineat production)
aVisualization of cell shape, motility, dynamics, force,
mitochondrial activity.

space)

clinostat

EWhat experimental model is goor ?

1) Amphibian Xenopus kidney cell (Atomi group 2000/Asashima group, 1

2010) gravit

2) Mammalian rat/mouse myoblast/myotube
| cDifferentiation to slow muscle and maintenance it

uDevelopment of method

* Labeling of molecules/cells using GFP or radioisotope
. D1ynamlc analysis of cells/molecules time-lapse - FRAP *
FRET * turnover rate using radicisctope)

| | cytoskeleton

* Property of force development of cells (the use of 3D-p
columns produced by laser etching named by "Kenzan™)
* Use of centrifuge/clinostat to add gravity/p gravity, and

experiment in space “Kibou”. vivo

Fig. 2 Experimental conditions to consider and various problems to
visualize intrinsic property of mammalian cells and response to gravity,
and effects of molecular chaperone (stress proteins) to give adaptability

on the earth and possibility in space.

“Well-being of the cell™
Evaluation of cell responses to adhere
and develop tension using 3D-p
columns produced by laser etching
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Fig. 3 Visualizing and measurement of cellular responses including developing
force
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mSurvival state and
responsiveness to ?rawtg

+ development, differentiation (diff),
sustainability after diff.

* prolifelaton/adhesion/cell-cell
contact/differentiation

* living environment (water, land,

nKey to analyze on the earth
1) Responses to centrifuge/

+ proliferation/differentiation

+ adhesion/dynamics/interaction
among three cytoskeletons/
cytoskelton dynamics/Caz+
dynamics/mitochondrial activity
2) Stress protein to respond

y
* Function of aB-crystallin
* Function to stabilize

* Decreased stability, changed
shape, decreased mitochondrial
activity, increased apoptosis,
abnormal proliferation due to
decreased expression ofaB-Crystallin

* Function of aB-crystallin in vitro, in
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