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Bio-based life support for human space exploration

® From the start of human space travel, research has been done to develop
‘bioregenerative closed loop life support systems’

® especially for air revitalisation : CO, removal, and O, production

—> algae & cyanobacteria, for the photosynthesis process

(] Examp|e5 from all over the world : https://en.wikipedia.org/wiki/MELISSA

BIOS (1960's, IBP, Russia)
— algae Chlorella

MELISSA MicroEcological Life Support System Alternative (1987, ESA, France & Belgium)
- cyanobacterium (Nostoc) & Arthrospira

CELSS Closed Ecological Life Support System (1989, NASA, US)

- cyanobacterium Arthrospira

CEBAS Closed Equilibrated Biological Aquatic System - AQUARACK unit (1992, DLR, Germany)
— algae Chlamydomonas

CERAS Closed Ecological Recirculating Aquaculture System (1997, Japan)

- algae Euglena and Chlorella en cyanobacterium Arthrospira

CAES Closed Aquatic Ecosystem (2004, China)

- algae Chlorella

® Currently 'Research and Development’ on Earth, no system “in use” in space
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The challenges are big

Diésecting the earth ecosystem to its essential components
& understand how they work

Then putting them back together,
but smaller, with less complexity, less buffers or back-ups, ...

Nevertheless'predictable & reliable
Engineered to targeting maximum yield

. ,' Using biotechnology which can be functional™
in space conditions (launch & radiation & microgravity)

A mineaturised sustainable
synthetic earth ecosystem
transplantable to space
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30 years of MELISSA ...

MELIiSSA team at work

» .
i s
.,n

Iy -

AT

Copyright © 2016
SCK-CEN




MNon edible parts of
Higher Plants
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‘MELISSA community’
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MNon edible parts of
Higher Plants

VEGAN 2 ‘MICROBES’
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Bacteria
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- ...
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Rhodospirillum rubrum
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& many contributors
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Oxygen production in space with cyanobacteria

N7

métissa Arthrospira
S

13 003 ]

6 um x 400 pm

»  Blue-green filamentous cyanobacteria

« Lives in warm alkaline salty lake water, water rich
in carbonates, at pH 9 & 35°C

*  Cylindrical cells, in helicoidale strings, called
‘trichomes’ or filaments

»  Continuous illumination, no need for dark
* Very high photosynthetic efficiency
* High cell density Bioreactor cultivation

*  Also known as Spirulina food supplement
In SPACE - life support system - MELISSA

PHOTOSYNTHESIS for

« CO, removal from the air

* O, Production of from water,

» Nitrogen from waste water into proteins
« Edible biomass production
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Arthrospira — food supplement

® Edible
® Consumption by Aztecs, documented since 1500
® Still used by several tribes in Africa
® |In Europe/Asia known as ‘super food’ — Spirulina

® Highly interesting Food value

® thin cell wall, full organism digestible, no need for
processing or cooking, no waste (< algae, plant)

® Single cell protein source, Low DNA/protein-
content (« other bacteria, algae, plant)

® Does not contain phyco-toxines (< other cyano)
® Rich in essential fatty acids

® Contains vitamins, minerals, antioxidants,
immunomodaulators, prebiotic, ...
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Bio-engineering — Arthrospira in photo-bioreactor

MGI. SsA

A\ \
+ pred\tflrv control
+ high e '\clen?y

UNIVERSITE
Clermont
Auvergne
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Arthrospira is an efficient oxygen producer
e.g. BIORAT experiment

The rat consumes O, and produces CO,; the bacterium produce O, and
consume CO, with light energy input

the photosynthetic yield (O,/CO,) of the algae matches the respiratory quotient
of the rodent (CO,/0,); by playing on light energy supply & predictive model

A ground demonstrator has validated the concept : 2-months experiment

DEMEY D. et al. 2000 “BIORAT : preliminary evaluation of biological life support in space environment developments”. SAE
paper 2384, 30th International Conference on Environmental Systems, Toulouse, France July 10-13th, 2000.
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Biological Life Support System Demostration Facility:
The Melissa Pilot Plant

Joan Albiol, Francesc Godia, José Luis Montesinos, Julio Pérez, Anne Vernerey, Fernando
Cabello, Nuria Creus, Anna Morist and Xavier Mengual
Universitat Auténoma de Barcelona

Christophe Lasseur Yy |
European Space Agency o

closed gas loop between
CVla Arthrospira & 3 rats

Contlneous reactor, ca. 1 year
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Cosmic radiation in space -2 Biological impact ?

Dose rates in space
higher than on earth

On Earth ~ 0.1 pSv/h X250
On ISS (LEO) ~ 25 uSv/h

On the way to mars ~ 75 pSv/h
On surface of mars ~ 25 uSv/h

Necessary to monitor radiation
doses in space

galactic

radiation ‘ ‘ l,

- Van Allen
\belts

| © @ @ @

radiation

ey Type of Radiation in space

T different then on earth
-~secondary

radiation ® Electrons, protons, helium nuclei,
heavier nuclei, neutrons, photons,
muons, pions, ...

t ® Up to extremely high energies
around 10> MeV
® Strong dependence on location,

solar cycle and shielding
= Very challenging to assess radiation

STUDIECENTRUM YOOR KERNENERGIE .
CENTRE D'ETUDE DE LENERGIE NUCLEAIRE doses in s pace
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Reduced/Altered gravity in space - Biological impact ?

Sedimentation, Diffusion only
Convection, Diffusion —> Fluid quiescence, ‘low shear’

£7 @y

1g (Earth) Micro-g (space)

different
solid/liquid/gas
fluid dynamics

& separation

-]

e.g. boiling water in space
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@ Testing impact of space conditions... on Earth

STUDIECENTRUM VOOR KERNENERGIE
CENTRE D'ETUDE DE LENERGIE NUCLEAIRE

Simulation of space radiation and low gravity on earth ....

SCK-CEN SCK-CEN
BR2 - RITA Rotating Wall Vessel
facility - RWV

(s

Gamma, ~ 1 MeV ;/? M
' IEE\T//;(J?ng) S . duced gravity
ca. 700 Gy/day Presentation simulation

Guliana Senatore (UNapoli)
( | 'Probiotic Lactobacillus
. | under SpG’
Ne : | : j" — — ;

@

Cosmic Radiation ' "=‘f(§f'252).r . -
simulation '

14

SCK-CEN
Callbrat‘l.on Gamma Machine
facility (Cst3") RPM
1 8 Copyright © 2016

SCK-CEN




Testing impact of space conditions... in LEO

LEO Interplanetary
. i Moon Mars
Parameters Earth (—4*102km dist.) Space _ (4105 km dist.) (4108 km dist.)
ISS (>7*10%km dist.)
lonizing radiations 2-4 160-5002 220-1270 ~ 400 200-300
(LGy/day) (max.20,000)
Gravity 1 106 - 103 < 10° ~ 0.2 ~ 0.4
@
LEO: low Earth orbit, Dist.: distance from the Earth, 2: inside space station
19 Copyright © 2016
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@@ Learning curve
Testing how MELISSA bacteria survive and grow in space

- [ERRIET IiF

From simple
and passive
agar set-ups  |gf

® MESSAGE 1 October 2002
® MESSAGE 2 October 2003
® BASE A October 2006
® Mobilisatsia April 2007

® BASE B& C October 2008
® Nitrimel July 2014

® BiSTRO August 2015

® Artrospira-B December 2017

towards

Bibliography @
http://www.melissafoundation.org/

more complex and
active liquid systems
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Impact of space flight on microbial cells

Reduced
Gravity Accumulation of waste products
Stationary fluids around the around the cells
cells (low fluid shear) (only diffusion, no convection)

\ / Decreased nutrient

Lower mechanical supply
forces \ / (only diffusion)
-
|

Will the bioprocesses L
be the same in space ROS in the medium and

, cells due to radiation
No movement due to / (radiolysis)
gravity or magnetism -‘

(taxis) Damage to DNA, proteins and
membranes due to radiation

Altered day-night
other rhythm Higher doses of UV Increased

factors Radiation
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Impact of space flight on microbial cells

Increased growth rate and ‘starvation’ reaction
higher final biomass activated
production
\ Changes in metabolism

N Reaction strongly /

depends on the
Increase growth
virulence «— conditions and

bacterial strain

Increased production of
—> secondary metabolites

Stress reaction system / used \ Altered cell-cell
/ Effect of microgravity & space radiation on
m ic ro bes 10.2217/fmb-2017-0251 © 2018 Future Medicine Ltd Future Microbiol. (Epub zhead of print)
Increased resistance to Giuliana Senatore', Felice Mastroleo?, Natalie Leys® & Gianluigi Mauriello*-'
o . on o o 'Department of Agricultural Sciences, University of Naples Federico Il, 80055 Portici, Naples, Italy
b|OC|des (a nt' blot'ca' 2Microbiology Unit, Belgian Nuclear Research Centre (SCKeCEN), 2400 Mol, Belgium
. - *Author for correspondence: giamauri@unina.it
alcohol, acid, oxidants, etc.)

Bibliography @ http://www.melissafoundation.org/
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Anticipating the impact of spaceflight

Gravity
:cumulation of

yunds around cell
" diffusion only)

Fluid quienscenc
the cells (low fl

Reduced nutrient supply

Lower mechanical
AN (by diffusion only)

forces
Process

engineering

y h ' ;’ M L|(OS in medium and cells
reenhoyses = nic
il

produced by ionising
No gravity or radiation (hydrolysis)

magnetic based

taxis )nising radiation causing
\, protein and lipid damage
Different day- N v

cycle

Other Radiation
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STUDIECENTRUM VOOR KERNENERGIE
GCENTRE D'ETUDE DE LENERGIE NUCLEAIRE

oM
UNIVERSITE

Clermont
Auvergne

UMONS

Université de Mons

2,
MELISSA
|

ArtEMISS project

Arthrospira Gene
Im Expression study and mathematical
bglspo Modelling on cultures grown in the
International
Space
Station L. Hendrickx, 2004

“First bioreactor with cyanobacteria in space”

For controlled microbial oxygen and food production in space

® |nvestigating

® Oxygen production
® Biomass production
® Biomass Biochemical composition (nutritive value)

® In a controlled photo-bioreactor,

axenic (1 strain),

batch & continuous,

defined continuous illumination (no day/night),
Fixed temperature and

synthetic waste water

® Under spaceflight conditions : gravity, radiation, magnetism ...

24 Copyright © 2016
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Bio-engineering — Arthrospira in mini photo-bioreactor

Biotechnol. Prog. 2005, 21, 741-750 0
®
Design, Operation, and Modeling of a Membrane Photobioreactor to

UNIVERSITE Study the Growth of the Cyanobacterium Arthrospira platensis in
Clermont Space Conditions
A uve rg ne Guillaume Cogne,* Jean-Francois Cornet, and Jean-Bernard Gros
. Laboratoire de Génie Chimique et Biochimique, Université Blaise Paseal, CUST, 24 avenue des Landais,
\ BP 206, 63174 Aubiére - Cedex, France

Echangeur de chaleur

\

Capteurs de
pression

-_——

Sonde température (Pt 100)

Figure 5.2 : Schéma du réacteur.

Figure 5.3 : Photographie du réacteur.




QINETIQ ArtEMISS Space photobioreactor

Portable miniaturized Size 147 x 125 x174 mm

photo-bioreactor Weight 4.2 kg (full)
(50ml liquid volume) Energy 2,2 W (standby) - 3,4 W (incubation)
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Complete ha

Medium
! supply

2x Sample
reservoirs

Rad sensors

gas chamber & §
pressure sensor

g ~ gas membrane
OMU cuvette :

cell density
(absorbance)

photosynthetic activity
(fluorescence)

mixing (magnetic stirre

temperature - Hermetically
sensor W e sealed box

liquid pumping

QINET'Q lllumination (white LED array)

External source of energy and heat required.



Space bioreactor — intensive training and testing

Breadboards - Science models — Ground models — Flight models
(2009 — 2017
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Challenges for BioProduction in Space

Bio-compatibility/Bio-toxicity

 Biotoxicity of individual materials,
and full assembly, with sterilization !

 Biotoxicity prevention, & removal

Sterility

* Complete sterilisation of
manufactured space bioreactor
materials

» Fully sterile assembly of the liquid
loop & reactor components

« Maintain sterility through upload &
crew handling

Reversible ‘stasis’ of cells & proces

* Inactivation & storage of cells

+ Successful reactivation of biological
cultures & bioprocess in space

Copyright © 2016
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Challenges for BioProduction in Space

Gas/liquid separation

* high oxygen production capability cyanobacteria

* engineering appropriate gas control/removal
mechanisms

* bubble free liquid loop for measurements

Culture conditions

Optimization of cell culture parameters for

* hermetically sealed bioreactor,

« gas overpressure (oxygen inhibition),

* LED illumination (light spectrum & intensity),
* mixing by magnetic stirring (cell integrity),

* liquid pumping (cell integrity),

allowing good oxygen release over membrane,
& cell dispersion without flocculation or biofilms,
for optimal growth and production in space

Copyright © 2016
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Challenges for BioProduction in Space

Remote reactor control

Automatic activation & stop

Automated data collection via temp &
pressure sensors, absorbance and
fluorescence measurements in liquid loop
Data logging & data communication
Bioreactor commanding from ground :
light intensity, liquid circulation.

Samplmg & Storage & Analysis

Automated sampling

Cell fixation and effluent preservation
Sample storage in ISS and return to earth
Methods for small sample volumes.

Copyright © 2016
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ArtEMISS Space photobioreactor
- in flight measurements & sampling for post flight analysis -

QINETIQ

Measurement of | In flight B g
. é :;ﬂmﬁxof fn:‘::Ium' refresh volumes g = I

®_CO,consumptionbypH £ | bofors each cutvaton ﬂgf :

) %9 | Replacement of medium by astronaut in BGE | g 2 g g
® O, production by Pressure 5 Sk
® Cell production by OD - P
® Cell photosynthetic activity by s E

= ypass Cuvelle
fluorescence g :: o5} Frueresseneeh
Sampling for post flight g
Inlet

- Microscopy in flight LEDg

® BioChemical analysis (frozen)

® DNA, RNA, protein, pigment analysis ©
(fixed)

® Post-flight regrowth (live)

o
PTFE membrane
S5Tum1pm

A\ Closes at 1.0 bar

IAcocelaromatar
T
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LAUNCH

SpaceX CRS-13 .
Time to go space

30t of November 2017
4th of December 2017

Arthrospira-B Timeline: Pre-Launch }\\&Q‘: ecSsa

L-25|L-24|L-23|L-22|L-21|L-20|L-19|L-18|L-17|L-16|L-15|L-14|L-13|L-12|1 -11|L-10|L-9 |[L-8 |[L-7 |[L-6 |[L-5 |L-4 |L-3 |L-2|L1

|| ] U .

HW HW | Cell prepgration Experiment HW
Shipment Consumables | HW @1!5'{;;!”‘6& Hand-over Shipment
from PD Shipment : and preparation from KSC to

team to from PI Pl
KSC team to KSC ‘

Arival  Arrival Arrival HW filling
ESA Pl PD +
Cold Stowage

v e
On-Orbit Milestones GO/NO GO to ship BLB MMU Integrity Check
AR-2008 Resolution HW fill GO/NO GO

Copyright © 2016
SCK+CEN




23 November




For




7
7 4

Hardware
engineer
working

in a sterile
manner !




CK: C
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1 pers. ‘filling’ (it

v

&4 pers. checki

LAUNCH

30% of November 2017
4% of December 2047
8t of December 2017
9t of December 2017

12t of December 2017




2
"the cold starage team”
a special team ( s.) from NASA
Houston, to pac the
experiments in al 'aerogel'
insulator boxes old
packs 'bricks' ca Iing 'heavy
water‘, which c3 ep
passively the temperature in the
box for several days at 4°C (not
needing any power), according to

the launch and safety regulations,
for SpaceX launches.







LAUNCH
12" of December 2017
E

15t of December 2017
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*  Wednesday 20 the of December 2017, at ca. 10h Belgian time, the
crew started their activities on our experiment on orbit in space.

« All 4 bioreactors were integrated inside the glove box next to the
Biolab, and thereafter placed in the Biolab incubator.

» Thereafter from ground, the contact with our bioreactors in Biolab was

restored and at ca. 12:45h the timeline of the 4 reactor was activated.

UL

/N ARTBCA.INAQ Q0240536E __1

SIN4

“M
 HAZARDOUS

2]

Mark Thomas Vande Hei
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Every Week — start new batch
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It can work as on ground & as predicted

35 6
3 /_ &
g 25 .
® Presentation -4 _
—
2 2 Laurent Poughon 3
& : - sy
¢ .- Model analysis of an g
i Arthrospira , 8
m £ photobioreactor
UNIVERSITE ; : .
Clermont 05 3
Auvergne
D ] ] 1 ! I ] 0
Celine 0 50 100 150 200 250 300 350
Laurent Time (h)
Gilles
e cumulative pressure exp (bar) ==biomass exp (g/L) FM4 B4
s P cumul predicted (bar) == Biomass predicted (g/L) Batch 1
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vigate View Options Freeze

AR SeaeT Adjustment of Biolab Venting
systems operations

michaela.hutta@airbus.com;
heiko.mantzsch@airbus.com;

i lvano.Verzola@dlr.de;
Sait.Guersoy@dIr.de
a.salamone@yvitrocisetbelgium.com
biolab-ops@diIr.de;
musc-ops@dir.de
mso-console@esa-mso.org;
col-fd@dlr.de;
stratos@dlr.de

s T S5
09Jan18 12:43:29 INFO : Executor started.

09Jan18 12:43:32 INFO : Hazardous command rule file loaded -
097Jan18 12:43:48 INFO : Opening display C:\Users\Admin\.centre-connectori\displays\ops\CCU_312190004\APM\USOC\MUSC\BIOLAE_CONTROL\SYNOPTICS\USS\FDN\HOME . uss

09Jan18 12:44:05 INFO : Opening display C:\Users\Admin\.centre-connector\displays\ops\CCU_312190004\APM\USOC\MUSCA\BIOLAB_CONTROLNSYNOPTICS\USS\FD\FS\FS.uss

09Jan18 12:44:08 INFO : Opening display C:\Users\Admin\.centre-connector\displays\ops\CCU_312190004 \APM\USOC\MUSC\BIOLAB_CONTROL\SYNOPTICS\USS\FD\LSS. uss




Raw Data - further quantitative and qualitative analysis ongoing
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Parallel Ground Experiment
4 GM bioreactors, operated by Pl & PD only
@ SCK-CEN, Mol, Belgium

]




-5 i\

Controlled sample storage & return
SpaceX CRS-13 & SpaceX CRS-14

¥

o




@ Full molecular analysis of the space micro-organisms

STUDIECENTRUM YOOR KERNENERGIE

CENTRE D'ETUDE DE LENERGIE NUCLEARE
UMONS Arthrospira

Université de Mons k

DNA messenger RNA protein metabolite
gene gene protein li
l stability lexpression lexpression l ::-i?:cotilct):
genomics transcriptomics proteomics metabolomics
; - se . "
Seqth it ] requlation - Protein content - lipids
metnhylation 9 - Expression - pigments

- antioxidants

High-throughput Technologies, on small sample volumes, low biomass conc
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g

Vi Analysing samples
returned on
5th of May 2018
(SpaceX CRS 14)

J



LessonsLearned/Actions Timeline

15 Nov. 2017

23 Nov 2017 -
08 Dec. 2017

7- 15 Dec. 2017

15 Dec. 2017

17 Dec. 2017

20 Dec. 2017

21 Dec. 2017

CEEEEEEX

=
2

Shipping all hardware from Belgium to KSC, Florida US Spacf;fjr?cis_w
30% Nowv—2017

4 FM & 4 GM Experiment preparation @ KSC, Florida US 4* Dee 2017
9% Dec2017

th

4 FM Storage for SpaceX CRS-13 @ KSC, Florida US e

4 GM transport to Belgium 15% Dec. 2017

(dark, 4°C)

4 FM Launch SpaceX CRS-13 @ KSC, Florida US In Space !

(dark, 4°C)

4 FM Arrival ISS & Storage

(dark, 4°C)

4 FM Installation in Biolab ISS by Mark Vande Hei (NASA) Reactors are ON !
& Reactivation of bioreactors after 13 days
via remote ground control, Imoact stor & delav |
via ESA-OPS/MUSC/BIOTESC, Cologne pact storage & defay -
4 GM manual activation, SCKCEN, Belgium
(medium, light 35uE, temp 35°C)

After 24h first set of daily data down link, via
MUSC/BIOTESC, Cologne

Data connection ON !
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Sat 23 Dec. 2017 FM & GM Finally first signs of ¢
Oxygen & biomass production .

FM4 running as ground, FM2 & FM1 & FM3 slower

& C/st GM leakage
Wed 27.12.20.74s, eny ion Batch 1, + 1 wee
. Of #1, P H proble

Not do these kind of
experiments over Christmas !

Pany,

Wed 10.01.2018 Stop Batch 2, Start batch 3 (Mark Vande Hei)

13.01.2017

;
:
B
;
v

Wed 05.05.2018

Wed 17.01.2018

Wed 24.01.2018

Stop FM3

Remote intervention on FM

Storage in ISS

Impact launch & start :
temp, vibrations,
underpressure, ... ?

A LI Al A A e B A e A Ay

Timeline

Bio-process ON !

Humidity problem... ?
Impact Biolab - Bioreactors

1

Cell viability confirmed.

/. 2rk Vande Hei)

Data communication/interface

& Bioreactor commanding

emote reactor control !

FM3 & Live Sample return v

Stop Batch 3, Start batch 4

Stop Batch 4 (Joseph Acal

gr//4

Additional ‘feedback’ : vision
(bubbles, stirring, color),
pH-disCO2, liquid pressure,
dis02, humidity, ...

ey,
enfs’ l‘/'a
Ve /

nicity
confirmed until week 3!

Fine tuning of the modelling
for predictive control

09.05.2018 in SCKCEN, 14.09.2018 inspection
Waiting for bioreactors to return to SCK*CEN / QinetiQ

Frozen Sample & rad sensor return with SpaceX CRS-14 Space biomass &

effluent collected !
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Successful bioreactor in space

Mark Vande Hei working on the bioreactor in
Biolab glove box in ISS (Source : ESA)

First time mini photo-
bioreactor with gas-liquid
separation
built, certified, uploaded and
running in space,
with live data feedback from
space and ground
commanding

4 bioreactors launched to ISS with SpaceX CRS-13 (15.12.2017)

13 days of inactivation (cooled) during upload & storage (7-
20.12.2017)

Installation in the Biolab incubator in the Columbus module of ISS by
crew (Mark Vande Hei, NASA & Joseph Acaba, NASA) (20.12.2017)
Automated bioreactor reactivation by commanding from ground
Total bioreactor operation duration in space of 35 days (20.12.2017 -
24.01.2018)

4x sampling of reactor effluent and biomass during the 5 weeks run
4x new feed supply to the reactor & sample storage in ISS by crew
Good Gas - Liquid separation, at least for some phases

Live bioreactor monitoring from ground & daily data download link
Ground commands to collect samples and adjust settings (temp, light
intensity, fluid circulation)

Sample return with SpaceX CRS-13 (13.01.2017) & SpaceX CRS-14
(5.5.2018)
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Successful bioprocess in space - Yes it also works in space !

510 T T T 197
383 . 10849
LOA .
UNIVERSITE®
255 Clermont 10533
Auvergne
128 —— {0316
P cumulée (atm)
Biomasse [g/L]
0.000 o ' T 0.000
L) 100 200 300 400

Temps (h)

Oxygen and biomass production in bioreactor
FM4-B4 in space, compared to predictive model

First long-term culture of
an axenic photosynthetic
bacterium in ISS

First microbial production
of oxygen and edible
biomass in space

Culture & Bioprocess successfully reactivated in space
after 13 days of stasis

Active photosynthetic culture of Arthrospira for more
than 1 month in ISS

Culture axcenicity maintained in space for at least 3
weeks (final timepoints to be analysed)

‘Good’ oxygen and biomass productivity in the
bioreactor in space, compared to model
— quantitated analysis ongoing

Oxygen produced was provided to the cabin, for
consumption by the crew

Post-flight biochemical and biomolecular analysis
(genomic, transcriptomic, proteomic) analysis of
reactor effluent and biomass harvested from the
bioreactors is ongoing
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| ‘'spirulina’ as part of the
low-weight, low-waste, high-nutrient diet
of astronauts during space flights

NASA and the European Space Agency are
studying spirulina as optimum food for i
astronauts due to its remarkable nutritional ©
profile.

an_Spaceflight/Educatio

arth_and_in_space
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Arthrospira as food supplement for space

Development of recipes & healthy menu

Microbiome & health studies on mice, with irradiation

S G

STUDIECENTRUM VOOR KERNENERGIE
CENTRE D'ETUDE DE LENERGIE NUCLEAIRE

oy

Universiteit
Antwerpen

Microbiome studies on human volunteers in isolation

Mars Desert Research Station
(MDRS), Crew 190 (UCL to
Mars), March 2018

Belgian PE Antactica
station, Dec. 2017

Bibliography @ http://www.melissafoundation.org/
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MELISSA- Step-wise Space flight strategy

FEMME concept paper study on small bioreactor for O2 production by Arthro + O2 consumption by
BACTERIA (design) — ESA, NL
MASK bioreactor with Arthro & control by light (mathematical model, molecular) (ground exp.) — UBP,
France
ARTEMISS bioreactor with Arthro O, production (mathematical model, molecular) (ISS flight exp.)
- SCK+CEN, B (+QinetiQ, UCA, UMons)
»  Arthrospira-B : fed-batch reactor (flight Dec. 2017 — Jan. 2018)
»  Arthrospira-C : continuous reactor (flight TBD)
BIORAT-1 Coupling Photobioreactor compartment with a RAT/Mouse consumer compartment
bioreactor, controlled by light - RUAG, CH
URINIS Urine treatment compartment — Ugent, B (+ SCK<CEN, UMons)
BIORAT-2 Biorat-1 + Oxygen control with two Nitrogen sources — Umons, B
BIOMAN  bioreactor for O2 production by Arthro + O2 consumption by MAN
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Molecular mechanisms of ionising radiation resistance
- how to protect against & repair from radiation damage -

‘ Poster Anu YADAV
V4 '‘Radiation resistance

MicrobiologyOpen | | \ ~lin the cyanobacterium
' Arthrospira’

ORIGINAL RESEARCH LN recduct

"y . NADP' - ;
Molecular investigation of the radiation resistance of b e & L !
edible cyanobacterium Arthrospira sp. PCC 8005 F‘(S Protein NADPH > Peroxiredoxine
Hanéne Badri'?, Pieter Monsieurs', llse Coninx', Ruddy Wattiez® & Natalie Leys’

H,0
"Expert Group foe Motecylar and Cellular Biology, Belgian Muckear Research Center SCK<CEN, Mol, Belgium
“Pratecmics and Microbiology Group, Research Institute for Bisciences, University of Mons, Mons, Belgium

' 5 GTP Cyclohvdrobase @

2 GSH 1 avpbany lhwtmt bripoas Dy s

—u—-\ Wbanakase |
Castathione syarkase B Lactoglathatione
izl v

e P Temporal Gene Expression of the
/| Chaperones Cyanobacterium Arthrospira in Response to
Gamma Rays

CEP Hanéne Badri'?, Pieter Monsieurs’', lise Coninx', Robin Nauts', Ruddy Wattiez?,
J Natalie Leys'*

1 Falt) v
- Fenton ___.-

RESEARCH ARTICLE

/
/s
H‘

et
1 Expert Groups for Molecular and Cellular Biology and Biosphere Impact Studies, Belgian Nuclear

Mnu
> Research Centre SCK=CEN, Mol, Belgium, 2 Proteomics and Microbiology Group, Research Institute for
C ’ WRNA\ Biosciences, University of Mons, Mons, Belgium
Y
K N N/ W
| AR e —
— I

— —
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® SCK<CEN contribution to the organisation of 'Enterpreneurs for

Enterpreneurs’

® project to help fight the malnutrition of Congolese ¢
development of local spirulina culture.

® ‘'Pilot’ culture & harvest & cooking at SCKCEN run b
® construction of an Arthrospira sp. pilot farm in the re¢

Presentation
Felice Mastroleo
‘Mission to Mars

Inspires food project

in Congo’

Spirulina as food supplement in DR Congo

e-i:,i;rst'_téfs}t bassin in'Mooto

Dr. Felice Mastroleo

66
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sponsors at Belspo/ESA

I|m Eesa , Thanks to...

belspo K+C
CENTHE DETUDE DE LENERGIE NUCLEARE Wietse Heylen, llse Coninx, Pieter
Monsieurs, Felice Mastroleo,

different groups of SCKeCEN
‘Molecular and Cellular Biology Group’ (MCB)

i §Q€D Céline Laroche, Laurent Poughon, Gilles Dussap, Christel
ArtEMISS project partners MEL|SSA Paillé, Christophe Lasseur, Ruddy Wattiez,
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steven.hens@gqinetiq.be;
Chris De Smet

Danang Sukmawanto
herwig.hellinckx@QinetiQ.be
Andres Janssen

michaela.hutta@airbus.com;
heiko.mantzsch@airbus.com;

Ivano.Verzola@dir.de;
Sait.Guersoy@dIr.de
a.salamone@yvitrocisetbelgium.com
biolab-ops@dir.de;
musc-ops@dir.de
mso-console@esa-mso.org;
col-fd@dIr.de;

stratos@dlIr.de

christian.roesch@hslu.ch
fabienne.wyss@hslu.ch;
bernd.rattenbacher@hslu.ch
biotesc@hslu.ch;

paolo.cergna@altecspace.it

Frank De Winne

Only possible with the help of many

QinetiQ

hardware team

ESA,
DLR,
MUSC,
BIOTESC,
AIRBUS teams

Logistics team

associated contributors

Simon.Challis@esa.int
Lobke.Zuijderduijn@esa.int;
Jason.Hatton@esa.int;
Philippe.DeGieter@esa.int;
Paolo.Provasi@esa.int;
Pierfilippo.Manieri@esa.int;
Fabrizio.Festa@esa.int;
Chloe.Audas@esa.int
Alessandra.Stragapede@esa.int;
alexander.nitsch@esa.int;
Daniele.Laurini@esa.int;
Elizabeth.Heider@esa.int;
Kirsten.MacDonell@esa.int;
Marco.Schena@esa.int;
Riccardo.Di.Lauro@esa.int;
Simone.Paternostro@esa.int
andrea.conigli@esa.int (press)

riccardo.accossato@thalesaleniaspace.com

piera.mannini@thalesaleniaspace.com;

THANK YOU ALL

for supporting the preparation and operation of this bioreactor in space
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For Professionals T P ~N—_ T \|
Customised training Space Summer School o

For University Students

For School Students and Teachers

SCK-CEN ACADEMY Education & Training

FOR NUCLEAR SCIENCE AND TECHNOLOGY

June 25 - July 6, 2018
SCK+CEN, Mol, BELGIUM

'
. y
LX) . -
a o=
A
) .
(. 7 e h:
Y, -
3 ~ 2o
' Fewad 1

Interuniversity Academic
Courses & Training, e.g. BNEN
Bachelor thesis projects
Master thesis projects
PhD thesis projects
Summer Schools

academy.sckcen.be

_ Upcomming events
Information days for teachers at SCKeCEN Deadline June 4th,

Monthly school visits

Internship at SCK*CEN (e.g. for thesis)

Thematic days at or supported by SCK<CEN
Bv. ‘space days’, ‘greenlight for girls & boys’, ‘Printemps des Science'...

abstract 18th may
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PLEASE NOTE!
This presentation contains data, information and formats for dedicated use only and may not be communicated, copied,
reproduced, distributed or cited without the explicit written permission of SCK<CEN.
If this explicit written permission has been obtained, please reference the author, followed by ‘by courtesy of SCKCEN'.

Any infringement to this rule is illegal and entitles to claim damages from the infringer, without prejudice to any other
right in case of granting a patent or registration in the field of intellectual property.

SCK.CEN
Studiecentrum voor Kernenergie
Centre d'Etude de I'Energie Nucléaire
Belgian Nuclear Research Centre

Stichting van Openbaar Nut
Fondation d'Utilité Publique
Foundation of Public Utility

Registered Office: Avenue Herrmann-Debrouxlaan 40 — BE-1160 BRUSSELS
Operational Office: Boeretang 200 — BE-2400 MOL

SCK- CEN

STUDIECENTRUM VOOR KERNENERGIE
CENTRE D’ETUDE DE L'ENERGIE NUCLEAIRE
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