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-nergy & Environment Domain

The Challenge to Generats

Eneegy & Environmant offers optimal scéutiona in the
anergy-related fields of thevmal power, rucisar power and
rerrevairio energy, in such ervirorsnonial areas os watar
and fiue gas treatmant, and for chemical plants and other
indusirial infrastnuckune elements. By imegrating large-acale
infrasinchure projects fhat support socady, MHI generatos
now power for the futune.

The Means to Connec

Machinery, Equipment & |nfmstructure provides a wide
range of products that form the foundation of indusinial
devalopment, suoh as machine ook, makerial handling,
oonstruction machinary, ar-coendiicning and refigarasion
systama. MHl appiies its vast business endoavors and high
relinbiity as & comontion that supports sockal and ndusiral
infrasinaciure 0 connect paople o peopie, busresses 1o
busnassas, and e presant to o futum.
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Commercial Aviation
& Transportation Systems Domain
The Power to Progress

Commerolal Aviation & Transportation Systems delvers
atdvanced land, ooa and ar farsporiabon oyohema,

chdian aircra, commercial ships and Fansit neteors. MEI
moves socioty, SUppOrting iSs fransportation and logistios
Irfrastruziures with supariar salety, guararfeed qualtty and
refiatzity backnd by technalogy

Integrated Defonse
& Space Systems Domain
— The Technology to Safeguard

Imuegrated Detense & Space Syolems provides integrated
land, soa, @ and space dafense sywiems, inckuding naval
ghipa, dolerse arcraft, launch vehicleo ond special vehidog,
an wall a5 gpane-related servican. MH! uaes the technology
and esperise culivated in il dolonse end space business
o provide: secrty on e plonot
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. Utilization of Space Environment
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Aquatic Habitat Latest Status miTSUBISHI
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€ Why aquatic experiment using medaka or zebra fish in space?
Medaka genome has been decoded by extensive ground research
Visibility of medaka: transparent embryo and body.

Fish is vertebrate: usable for bone or muscular research
Multigenerational breeding: 45 days from hatch to spawn.

Japan has experienced a lot in aquatic experiments in space.
Small biology; Low resources; High number of samples

o0k wnE

First Aquatic Habitat Experiment in Kibo (Oct. 26, 2012) Waste filter

—— ~— LED light
——p- ‘ ' Gas exchanger
‘3/

CCD
camera

Water circulation unit

(closed environment) ~ Aquarium Provided by JAXA
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Aquatic Habitat Latest Status
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B Zebrafish experiment

» Along term (43 days) habitat experiment of zebrafish using Aquatic Habitat
(AQH) was conducted from September 27 to November 9, 2014.

v Part of the zebrafish was returned in living condition for the first time by Russian
Soyuz vehicle, and 30 days rearing with observation followed by fixations was

conducted.
v All flight (fixation) samples were retrieved. The ground control experiment was
completed.
Kibo/AQH 6 fish | Fixation ______ |
12 fish 12 fish :
. 1
A 6 fish | Retrieval
_ | \ by SpX5
—>| 6fish I+ Fixation just Live return i
Flight i after launch by Soyluz 39S !
Ground Launch]by Soyuz40S \i, v
Retrieval by SpX4 Fixation
18 fish Y Post flight rearing for 30 days
Ground control experiment | >
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Aquatic Habitat Latest Status

(B) Day 42

W (A) W(B) (c)16hrs

after landing
at IBMP

(€)
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Mice Habitation Unit Latest Status 4 mirsumisin

Micro-g section

CeII Biology Experiment :
I Facility (CBEF) in Kibo

Habitat in ISS/Kibo

(30 days - up to 6 months)—
' > 0 . =

Units
(6 mice
Launch X2 condltlons) Live Return
iy : : )
12 Mice | 1 Artificial gravity [12 Mice
[ < - section with a ) !.,D
[Transportation Cage centrifuge [Transportation Cage

I Individual Cage *

Launch site Landing site

Concept of JAXA mice experiment

1.

2.

Comparison between micro-G and artificial-G (1G) conditions in space
Provide the world’s first, long-term artificial gravity environment for mammal in space

Individual Habitat (1 mouse per cage)
Able to accommodate male mice which may fight each other in a group habitat
condition; Able to monitor behavior of individual mouse

Return mice to the ground in living condition: Skilled researchers can
dissect mice for their detailed analysis with cutting-edge techniques
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Cell Biology
Experiment Facility

(CBEF) in Kibo

Mice Habitation Unit Latest Status

Habitat Cage Unit (HCU)

port

Artificial gravity section
(with a centrifuge)

Ventilation

Water supply

Temp.

> a : Odor filter unit

Features

>

YV V VYV V

30days ~6months keeping with maintainance
LED Lighting (0-50 lux) with on/off cycle

Cage refreshing requirement once a week
Feed/water resupply requirement once a week

Temperature, humidity, and concentration of
CO2 and NH3, video Images are monitored.
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LED Lights and
Camera

Watering unit

Feeder

Window

Cage for
mouse
habitation

Waste collecting Doors for Cage
equipment Unit

R Ventilation
Feeder fans

Waste collecting equipment ]
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New concept of space utilization

Pharmaceutical Uses of Outer Space

Concept

€ To discover mechanisms of target gene or proteins via mice in

micro-g, which the pathogenesis mechanism are not resolved.

€ Target disease are; mental iliness, osteoporosis, muscle atrophy,

and aging pathology.
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Several parabolic flight
experiments conducted
up to 2011

A MITSUBISHI

HEAVY INDUSTRIES, LTD.

International Space Station "*KIBO"

Parabolic Flight I

Gene expression Level changes
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New concept of space utilization

Microgravity environment

o

&

" 18S(0G)

400km S <4

100km ¥ Suborbital flight(3min 0G)
10km === Pparabolic flight(20sec 0G)

Okm @YW Clinostat(Ave. 0G per 10min)




New concept of space utilization o MITSUBISH

Gene Expression Analysis Physiological Analysis
Alteration of gene Patent applied . T
expression in CNS ==~ for Stress model -~

Animal

Alteration of immediate
early gene expression in
muscle

Elevation of blood sugar
level

Alteration of gene
expression in immune
system of Crural muscle

Alteration of Cortisol

Alteration of gene
expression in circadian
rhythm

Mouse Alteration of Plasma
In Parabolic flight Arginine Vasopressin

Effects of Parabolic Flight on Plasma Arginine Vasopressin
as a Sensitive Marker for Emotional Stress in Humans.
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New concept of space utilization 2 MITSUBISHY

Simulated Microgravity- - -using 3D Clinostat

@ Motion control for generating trajectory
@ Offset gravitational vectors in all directions on an average per 10 minutes
@ Continuous running for several days

Average of accelerations X=0G, Y=0G, Z=0G
Variance of accelerations X=1/3G, Y=1/3G, Z2=1/3G

Sample Envelop

A
100mm
v

170mm

“180mm

Sample Weight: Max. 1kg (2.2 1b)

3D-CLINOSTAT culture is that ES cells maintained in an
undifferentiated state and increased cell proliferation.

It has the potential to promote the development of regenerative medicine research.
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