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Abstract   The European Modular Cultivation System (EMCS) installed within the US laboratory module, 
Destiny, and/or the European experiment module, Columbus, onboard the International Space Station 
(ISS), is an ESA facility available for plant research and biological experiments. The EMCS facility uses 
standard experiment containers (ECs) mounted on centrifuges and provides life support such as water and 
gas supply systems as well as observation systems. The experiment-specific hardware such as the plant 
cultivation chamber, root phototropism observation chamber, and plant root gravitropism observation 
chamber is integrated into the EC. JAXA has five themes concerning space plant research, of which 
two—Cell Wall and Resist Wall—will include conducting space experiments using the EMCS facility; 
according to the present shuttle flight schedule, they are due to be launched in mid February 2007. The 
objectives of the Cell Wall / Resist Wall experiment include in-orbit growth of 10-cm-long inflorescence 
stems of Arabidopsis and subsequent, post-flight morphology, biological, gene expression, and cell-wall 
properties analyses on the ground. In this article, we describe the EMCS facility, the plant cultivation and 
onboard chemical fixation system. Furthermore, we also discuss the verification experiments conducted 
by JAXA.
Key words: gravity, space experiment, International Space Station (ISS), European Modular Cultivation 
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Introduction
The respective contributions of the space agencies 

JAXA and ESA to the ISS with regard to plant research 
will be the Cell Biology Experiment Facility (CBEF) 
installed onboard the Japan Experiment Module (JEM) 
and the European Modular Cultivation System (EMCS) 
onboard the US laboratory module, Destiny, and/or the 
European experiment module, Columbus. These facilities 
will be used for space-based life sciences experiments. 
The EMCS facility was launched in August 2006; on 
the other hand, the CBEF will be launched in February 
2007 onboard by space shuttle. The experiment-specific 
hardware, i.e., experiment unique equipment (EUE), 
for plant cultivation for the CBEF and EMCS facility 
consists of the Plant Experiment Unit (PEU) and the 
Plant Cultivation Chamber (PCC), respectively. 

JAXA has proposed five themes concerning space 
plant research: Space Seed (seed-to-seed experiment), 
Ferulate (rice cell wall experiment), Cell Wall (gravity-
induced cell wall formation experiment), Resist Wall 
(plant gravity resistance experiment), and Hydro Tropi 
(root hydrotropism experiment). Two of the themes, Cell 
Wall and Resist Wall, will include conducting space-
based experiments using the EMCS facility in early 
2007. The Cell Wall / Resist Wall experiments will 
use the PCC as the Arabidopsis cultivation hardware. 
Prior to launch, sterilized Arabidopsis dry seeds will 
be sown in the PCC attachment with poly vinyl alcohol 
(PVA) thin membranes. In orbit, the PCCs will be 
inserted into the EMCS facility by the ISS crew, and 
Arabidopsis will be grown in an automatic sequence for 
43 ± 10 days, until 10-cm-long inflorescence stems of 
Arabidopsis are obtained. Housekeeping data such as 
the gravity level, temperature, humidity, and supplied 
water content as well as images of the Arabidopsis 
growth from camera observations will be down-linked 
to earth on a daily basis. From the down-linked images, 
the parameters of growth and development, such as 
the length and the shape of hypocotyls, inflorescence 
stems, flowers, and siliques, as well as the size and the 
number of rosette leaves, cauline leaves, flowers, and 
siliques will be quantified; subsequently, the differences 
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between different phenotypes grown under µG vs 1G 
gravitational condition will be compared. Then, the 
inflorescence stems of Arabidopsis will be harvested by 
the ISS crew in glove box and treated with RNAlater 
for mRNA expression analysis, formaldehyde fixation 
for β-glucuronidase (GUS) staining analysis or in situ 
freezing for cell-wall properties analysis. The RNAlater 
and formaldehyde treatments will use the Kennedy 
Space Center fixation tube (KFT) as a chemical fixation 
tool for safety. These inflorescence stem samples will be 
recovered by shuttle flight and will be subjected to post-
flight morphology, biological, gene expression, and cell-
wall properties analyses.

EMCS Facility
The scientific objectives of the EMCS facility 

include the development of long-term growth capability 
in plants for the purposes of experimentation (seed-to-
seed experiments), studies on the influence of gravity in 
the early development and growth stages (G-threshold 
experiments), and experiments on perception and signal 
transduction in plant tropisms (Brinckmann, 1999; 
Brinckmann et al., 2000).
Experiment container (EC)

For all the experiments that utilize the EMCS 
facility, the experiment-specific hardware is integrated 
into standard experiment containers (ECs) (Fig. 1). 
The EC base-plate provides power and data lines as 
well as inlet/outlet water supply connectors and gas 
connectors. Moreover, the ECs are supplied with sensors 
for temperature and pressure monitoring. The internal 
volume (0.58l; 60 × 60 × 160 mm) is available for 

experimental hardware. Plant specimens up to 60 × 60 
× 160 mm with their long axis in the direction of the 
gravity vector are supported. The size of the EC should 
allow the installation of highly automated hardware 
to perform experiments autonomously on a running 
centrifuge or undisturbed in microgravity.
Centrifuges

The EMCS facility consists of an incubator with 
two centrifuge rotors, both equipped with interfaces for 
up to four ECs each (Fig. 2). These centrifuges rotate 
about the vertical axis of the EMCS integrated rack. 
The following components will be accommodated on 
each of the two 600-mm-diameter rotor platters: 4 ECs; 
2 life support system modules for air humidification or 
dehumidification; 2 movable video cameras; 4 tilting 
mirrors for the observation of the experiment-specific 
hardware in the ECs; 4 electronics boxes for power, 
data, and video transmission through the centrifuge hub; 
1 fresh water reservoir; 1 waste water reservoir; 4 light 
emitting diode (LED) arrays with photosynthetic active 
radiation; and 4 EC locking and interface devices.
Life support system

A water supply system is available on each rotor 
platter to support the growth of the plant cultures without 
the need for stopping the centrifuge and to regain water 
evaporated by the plants. The thermal control system of 
the incubator provides temperatures selectable between 
+18˚C and +40˚C. The air volume inside the incubator is 
conditioned by an atmospheric control system supplied 
by pressure bottles for oxygen and carbon dioxide as well 
as an ethylene gas-removal system. The environment 
inside the ECs is conditioned for a specific relative 
humidity level by individual humidifier/dehumidifier 
units connected in a closed loop to each EC. Therefore, 
condensation problems due to different transpiration 
rates in the individual containers will be avoided, and the 
water thus lost can be recycled.

Plant Cultivation Chamber
The PCC is an experiment-specific hardware 

integrated into each EC; it is optimized for the cultivation 
of the model plant, Arabidopsis (Fig. 3) (Iversen et 
al., 2002). For the Cell Wall / Resist Wall experiment, 
growth pots with 7 mini-lid holes will be used; these are 
slightly modified versions of the ESA multi-generation 
experiment (MULTIGEN) pot, which has 3 and 5 holes. 
The main components of the PCC are the PCC block, 
growth pot, and printed circuit board (PCB) housing. 
The main functions of the PCC block are as follows: 1) 
structural housing for the growth pot, valves, sensors, 
and peltier device; 2) thermal interface between the 
valves, sensors, and peltier device and the EC base-plate; 
3) gas and water flow and interface with the EMCS ECs; 
and 4) condensation and evaporation of water by the 
peltier device. The main functions of the growth pot are 
as follows: 1) containment of growth media, i.e., zeolite 

Fig. 1.  The EMCS experiment container (EC). Dimensions 
indicate the volume available for internal experiment-specific 
hardware. The base-plate is the interface with the EMCS 
centrifuge platter. The gravity force arrow indicates the direction 
of the EMCS’s artificial gravity.
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The operation modes of the PCC include a drying 
mode, watering mode, and bypass mode. The main 
functions of the drying mode are as follows: 1) humidity 
reduction inside the EC during an experiment; 2) drying 
the inside of the EC on completion of an experiment; and 
3) ventilating the Arabidopsis surfaces such as the leaves, 
flowers, and stems. The main functions of the watering 
mode are as follows: 1) water injection at the start of an 
experiment; and 2) providing water during the course 
of an experiment run. The main functions of the bypass 
mode are to maintain a high level of humidity inside 
the EC during an experiment to prevent dehydrating the 
Arabidopsis shoots.

KSC Fixation Tube
The KFT is the space experiment hardware that is 

designed to provide the necessary containment for the 
fixatives during the harvest and stowage of biological 
samples in space (Fig. 4). The KFT is designed to 
provide three levels of containment while, at the same 
time, enabling samples to be harvested directly in the 
space shuttle or ISS environments without the need for a 
glove box. The KFT is certified for space shuttle and ISS 
applications for several preservative solutions frequently 
used with biological materials (i.e., formaldehyde- and 
glutaraldehyde-based fixatives, and RNAlater). The KFT 
is comprised of the following elements: a polycarbonate 
main tube into which the fixative is loaded pre-flight; 
the sample tube, which is used to keep the biological 
samples in place during operations; the expansion, top, 
and base plugs; and the plunger for the actuator handle. 
The KFT contains approximately 35 ml of fixative 
solution and provides a usable sample volume of either 
25 or 41 ml, depending on which of the two current 
configurations is employed. Since their development for 
space shuttle experiments, KFTs with formaldehyde- 
and glutaraldehyde-based fixatives have predominantly 
been used for the fixation of in-orbit-grown cucumber 

Fig. 2.  The EMCS facility (A) and inner EMCS centrifuge patter (B). The EMCS centrifuge patter carrying the life support system (LSS), 
experiment container (EC) with mirrors above for video observation, illumination panels with light emitting diodes (LEDs), power and 
data electronics boxes (E-box), and fresh water and waste water reservoir in the center.

Fig. 3.  The growth pot for Plant Cultivation Chamber (PCC) with 
7 mini-lids (A), the PCC block and the Print Circuit Board (PCB) 
housing (B), and the PCC integrated into EC (C).

and Arabidopsis seeds and roots; and 2) water and air 
distribution to Arabidopsis. The main functions of the 
PCB housing are as follows: 1) structural housing for 
PCB main relative humidity/temperature conditioning, 
peltier buck converter, valve controller, and electrical 
interface with the EC; and 2) thermal interface between 
the PCB and the EC base-plate.
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seedlings; moreover, post-flight analysis for in situ 
hybridization analysis using auxin-regulated gene and 
electron microscope observations have been successful 
(Kamada et al., 2000; Takahashi et al., 2000). In the ISS 
experiments, Arabidopsis and wheat had stowed at 
–20˚C for 7 months in the KFT with RNAlater while in 
orbit; on returning to Earth, the RNA could be isolated 
normally amount (Paul et al., 2005).

JAXA Verification Test using PCC Hardware
Using the PCC qualification model, verification of 

the germination and growth was performed by JAXA. 
The qualification model must be fully representative of 
the flight models, and this fact must be fully traceable, 
as with a flight model, in relation to the functions and 
requirements to be verified within the applied qualification 
program.

The verification tests were referenced with the 
MULTIGEN experiment procedure and expertise. A 
zeolite fraction with a pore size below 1.0 mm was 
filtered through a sieve with a mesh width of 0.5 mm 
and then enriched with Murashige and Skoog medium 
(M2909; Sigma, St. Louis, MO., USA). An entire PCC 

growth pot was then filled with this zeolite. Arabidopsis 
seeds were sterilized in 70% ethanol for 5 min, and then 
soaked in 2.5% sodium hypochlorite and 0.5% Tween 
20 for 5 min. Subsequently, the seeds were washed with 
sterilized water 3 times and then dried on sterilized filter 
paper. The seeds were then integrated into the PCC 
growth pot attachment with a 16.7%-PVA membrane. 
Verification tests were performed using the PCC and 
the Experiment Container Development Kit (ECDK), 
which is specifically designed for EMCS experiment 
verifications (Fig. 5). The growth parameters, the 
temperature and relative humidity, were 23 ± 1˚C and 60 
± 10%, respectively. The durations of daylight and night 
time were set as 16 h and 8 h, respectively. 

We were tested the germination and growth of 
Arabidopsis in the PCC and ECDK systems. The initial 
amount of watering was 12.4 ml; subsequently, water 
was supplied everyday. Five days from the initial 
watering, the seeds germinated; and after 12 days, leaves 
were formed (Fig. 6). This growth rate is very slow in 
comparison to that of Arabidopsis grown in a laboratory 
incubator under the same conditions of temperature, 
humidity, and light flux. However, very significant results 
and findings were obtained by this test for the growth of 
Arabidopsis in the PCC system. 

Conclusion
The Cell Wall / Resist Wall experiments are the first 

full-scale plant experiments in Japan onboard the ISS. 
Moreover, these experiments are being accomplished 
through international cooperation with ESA and 
NASA. Therefore, these experiments not only push the 
frontiers of space plant biology in Japan but also lay the 
foundation for international cooperation in future ISS 
projects.

Fig. 4.  The Kennedy Space Center fixation tube (KFT). The KFT 
is comprised of a polycarbonate main tube into which the fixative 
is loaded pre-flight; the sample tube, which is used to store the 
biological samples; the expansion, top, and base plugs; and the 
plunger for the actuator handle.

Fig. 5.  ECDK facility system (A) and PCC/EC integrated into ECDK (B). The PCs on the left control the ECDK and the monitor on the 
right displays the Arabidopsis growing inside through a CCD camera mounted on the ECDK. The LED panel in the upper part of the 
PCC/EC is equivalent to the EMCS facility, but the light intensity is different.



Cell Wall / Resist Wall Space Experiment with EMCS

66

Acknowledgments
We thank N-USOC (Norway-User Support Operation 

Center) for EMCS operating, discussion and advice, 
Astrium and CMR Prototech for PCC/EC manufacture, 
and Bionetics Corporation for KFT manufacture. The 
authors are grateful to the space agencies ESA and 
NASA for international cooperation and their kind 
considerations.

Abbreviations 
CBEF: Cell Biology Experiment Facility
EC: Experiment Container
ECDK: Experiment Container Development Kit
EMCS: European Modular Cultivation System
ESA: European Space Agency
EUE: Experiment Unique Equipment
GUS: β-glucuronidase
ISS: International Space Station

JAXA: Japan Aerospace Exploration Agency
JEM: Japan Experiment Module
KFT: KSC Fixation Tube
KSC: Kennedy Space Center
MULTIGEN: ESA’s Arabidopsis Multi-generation 

experiment
NASA: National Aeronautics and Space Administration
PCB: Printed Circuit Board
PCC: Plant Cultivation Chamber

References
Brinckmann, E. (1999) Spaceflight opportunities on the ISS for 

plant research – the ESA perspective. Adv. Space Res., 24, 
779-788.

Brinckmann, E. and Schiller, P. (2002) Experiments with small 
animals in BIOLAB and EMCS on the international space 
station. Adv. Space Res., 30, 809-814.

Iversen, T-H., Svare, H., Fossum, K., Johnsson, A. (2002) 
Development of a plant growth support system for 
experiments on the ISS. J. Gravit. Physiol., 9, 369-370.

Kamada, M., Fujii, N., Aizawa, S., Kamigaichi, S., Mukai, 
C. , Shimazu, T. , Takahashi , H. (2000) Control of 
gravimorphogenesis by auxin: accumulation pattern of CS-
IAA1 mRNA in cucumber seedlings grown in space and on 
the ground. Planta, 211, 493-501.

Paul, A-L., Levine, H., McLamb, W., Norwood, K., Reed, 
D., Stutte, G., Wells, W., Ferl, R. (2005) Plant molecular 
biology in the space station era: Utilization of KSC fixation 
tubes with RNAlater. Acta Astronautica, 56, 623-628.

Takahashi , H. , Kamada, M., Yamazaki, Y. , Fuji i , N. , 
Higashitani, A., Aizawa, S., Yoshizaki, I., Kamigaichi, S., 
Mukai, C., Shimazu, T., Fukui, K. (2000) Morphogenesis 
in cucumber seedlings is negatively controlled by gravity. 
Planta, 210, 515-518.

Fig. 6.  Arabidopsis germination and growth verification test 
for the PCC and the ECDK systems. These photographs were 
taken 1 (A), 5 (B), 12 (C), 19 (D), 26 (E), 33 (F), 40 (G), and 47 
(H) days after initial watering. Wild-type seeds were sown in 
the back and front rows, while tublin mutant tua6 were sown in 
the middle row. The tua6 seeds sown in the mini-lid on the right 
(middle row) did not germinate. The small square PCB plate in 
the back has the dimensions 5 × 5 mm.


