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Abstract

Biochips might be suited for planetary exploration. Indeed, they present great potential for the search for biomarkers – molecules that
are the sign of past or present life in space – thanks to their size (miniaturized devices) and sensitivity. Their detection principle is based
on the recognition of a target molecule by affinity receptors fixed on a solid surface. Consequently, one of the main concerns when devel-
oping such a system is the behavior of the biological receptors in a space environment. In this paper, we describe the preparation of an
experiment planned to be part of the EXPOSE-R2 mission, which will be conducted on the EXPOSE-R facility, outside the International
Space Station (ISS), in order to study the resistance of biochip models to space constraints (especially cosmic radiation and thermal
cycling). This experiment overcomes the limits of ground tests which do not reproduce exactly the space parameters. Indeed, contrary
to ground experiments where constraints are applied individually and in a limited time, the biochip models on the ISS will be exposed to
cumulated constraints during several months. Finally, this ISS experiment is a necessary step towards planetary exploration as it will help
assessing whether a biochip can be used for future exploration missions.
� 2013 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Several instruments based on the biochip technology are
under development in the framework of planetary explora-
tion, in particular in the context of the search for signs of
past life in our Solar System. A biochip is a miniaturized
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device composed of molecular recognition tools (“affinity
receptors”) like antibodies or aptamers. It allows the detec-
tion of hundreds of different compounds in a single assay.
Many antibodies and aptamers have already been pro-
duced to detect a wide variety of targets from single mole-
cules (including nucleotides, nucleosides, aminoacids,
carbohydrates, etc...) to complex mixtures or whole organ-
isms (Nimjee et al., 2005; Tang, 2007). Two space instru-
ments based on this technology and using antibodies are
under development: the Life Marker Chip (LMC) (Sims
rved.
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et al., 2012), and the Signs Of LIfe Detector (SOLID)
(Parro et al., 2011).

Biochips are known to be very sensitive tools to detect
specific target molecules and biochip sensitivity is related
to the presence of functional affinity receptors fixed on a
solid substrate. In order to develop a “space biochip”, it
appears necessary to ensure that these biological receptors
will survive a full planetary mission. Interplanetary space is
a hazardous environment, which combines wide thermal
cycles, extreme temperatures, microgravity, vacuum, severe
radiations, etc. Moreover, a space mission implies addi-
tional constraints such as contamination risks (need of ster-
ilization procedures), long storage times, vibrations and
shocks due to launching, landing and transportation. A
biochip dedicated to space should take into account all of
those constraints and its design – initially that of a regular
biochip as used routinely on Earth – should therefore be
adapted. In this context, the BiOMAS (Biochip for Organic
Matter Analysis in Space) project proposes to study the
feasibility of a space biochip combining antibodies and
aptamers (Le Postollec et al., 2007; Baqué et al., 2011a,b).

Some studies have been carried out to test the resistance
of a biochip-based instrument to different space hazards like
low gravity, energetic particle irradiation, thermal cycling,
freeze-drying and long time storage (Maule et al., 2003;
Thompson et al., 2006; Le Postollec et al., 2009b; Baqué
et al., 2011a,b; de Diego-Castilla et al., 2011; Derveni
et al., 2012). The main limitation of these works is that each
constraint is generally studied individually and for a limited
period of time that is not representative of a real space mis-
sion. In particular, the effect of cosmic rays is generally stud-
ied at a given energy (or a limited range of energies) and for
one type of particle in a single experiment. Only one study
has been carried out in conditions closer to space missions
ones: some biochip reagents have flown on BIOPAN-6 plat-
form, experiencing LEO (Low Earth Orbit) environment
during few days (Derveni et al., 2013). Unfortunately, irra-
diation conditions encountered during this short time exper-
iment (12 days) were still far from those expected for a
mission to Mars. In particular, the ionizing dose received
by samples was consequently too low. In order to overcome
previous works limitations, we suggest testing the resistance
of a biochip model outside the International Space Station
(ISS) during a long time period (several months).

An experiment outside the ISS is a relevant test to argue
for the use of a biochip on new upcoming space missions
for several reasons. Irradiation conditions will be closer
to those that the biochip will face during a real mission
than conditions usually applied on ground tests. The bio-
logical components will be submitted to a combination of
cosmic and solar particles with a predominance of protons
and accumulated ionizing doses will be in the same order of
magnitude than those simulated for a biochip aboard a
typical mission to Mars (Le Postollec et al., 2009a; McKen-
na-Lawlor et al., 2012). Exposure duration will be very
long (from 12 to 18 months) and therefore dose debits will
be slower than on beam facilities, which can influence the
components behavior. Moreover, along with irradiation,
samples will face thermal cycles, launch constraints, vibra-
tions, storage delays, etc. This will be very representative of
real conditions and it will give crucial data about their
resistance against these different factors to develop a future
prototype of biochip for space purposes.

In the present paper, we describe the preparation pro-
cess for the experiment that we will perform outside the
ISS to study the resistance of a biochip-based instrument
to space constraints. This experiment will use the
EXPOSE-R facility, which is presented in Section 2. Sec-
tion 3 details the composition and the conditioning of
our samples. The experimental preparation procedure for
the biochip models is described in Section 4. The list of
controls designed to evaluate the relative significance/effect
of each space mission parameter is given in Section 5. A
particular attention will be paid to cosmic rays. For that
reason, dosimeters will be attached to the samples in order
to evaluate the total dose accumulated during the mission,
as presented in Section 6.

2. The EXPOSE-R facility

2.1. Presentation of the EXPOSE-R facility

EXPOSE-R is an ESA (European Space Agency) facility
intended to be located on the International Space Station
(ISS). The core facility will be placed outside the ISS on
the Universal Platform D (URM-D platform) of the Rus-
sian module Zvezda (Fig. 1A). This facility is intended
for scientists willing to perform long term exposure of a
given biological or chemical compound to open space envi-
ronment (combination of radiation from the Sun, cosmic
particle radiation, vacuum, temperature variations, micro-
gravity, etc...). The EXPOSE-R2 mission (2014) uses the
core facility of previous missions (EXPOSE, EXPOSE-R)
(see for instance Cottin et al., 2008; Rabbow et al., 2009,
2012; Bryson et al., 2011; Cottin et al., 2012) but with mod-
ified or added features. It will accommodate a Russian
experiment designed by the Institute for Biomedical Prob-
lems (IBMP) of Moscow and three European scientific
experiments: BIOlogy and Mars Experiment (BIOMEX),
Biofilm Organisms Surfing Space (BOSS) and Photochem-
istry on the Space Station (PSS). These astrobiology exper-
iments all aim at evaluating the evolution of organic
molecules or at measuring to what extent some chemical,
biological or biochemical samples are resistant to long term
exposure to the space environment. Our “Biochip” experi-
ment is part of the PSS experiment.

2.2. Description of EXPOSE-R design

In the frame of EXPOSE-R2 mission, the EXPOSE-R
facility consists in three removable trays (Fig. 1B), each
one of them being composed of 4 stainless steel sample car-
riers that are similar to those from previous missions
(EXPOSE-E and -R) but include new improvement



Fig. 1. (A) Location of EXPOSE-R facility outside the ISS (Photo credit: NASA). (B) EXPOSE-R facility with trays integrated. Pictures of (C) a PSS
sample carrier and (D), (E), (F), (G) Biochip closed cells. Cell diameter is about 1 cm and, when closed, the cell is about 1 cm height. Both parts of the cell
(male and female) are identified (G). An o-ring seal is positioned into the female part to prevent leaks when the cell is closed (F). The bottom of the male
part (E) is designed so that two thermoluminescent dosimeters (TLD) can be accommodated under the sample wells.
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features. Three sample carriers have been dedicated to the
PSS experiment and, on every sample carrier (Fig. 1C), up
to 20 samples can be accommodated for the moment. If
confirmed by ESA, the final design will allow accommodat-
ing 25 samples per sample carrier. The samples are spread
into two layers so that they will be irradiated behind two
different levels of shielding giving the opportunity to study
two different levels of irradiation doses. A cell is a cylindri-
cal stainless steel container of about 1 cm diameter. The
closed cells are made of two cylindrical bodies (Fig. 1D,
E, G) which can be screwed one into the other with a seal
inside the cell (o-ring) to prevent leaks (Fig. 1F). Both parts
of the cell have been identified with a laser inscription
(Fig. 1G). Sixteen integrally closed cells made of stainless
steel will be dedicated to the biochip project (8 cells at each
layer). Biochip cells have been designed integrally closed –
i.e. without any window – in order to protect samples from
UV exposure.
3. ISS sample characteristics

3.1. Description of biochip samples

Cells dedicated to the Biochip experiment contain a bio-
molecule, either an antibody or an aptamer (Baqué et al.,
2011a,b). In terms of space biochip development, those
affinity receptors were chosen for their capability to recog-
nize biochemical compounds (amino acids, peptides, pro-
teins, carbohydrates, oligonucleotides, etc.) even when
only traces are available, thanks to their high level of spec-
ificity and affinity (Nimjee et al., 2005; Tang, 2007). Such
detection systems were previously challenged concerning
their resistance to radiations, storage and freeze-drying
(Le Postollec et al., 2007; Le Postollec et al., 2009a,b;
Baqué et al., 2011a,b; De Diego-Castilla et al., 2011;
Derveni et al., 2012, 2013). In a real mission, affinity
receptors can be used either grafted on a support or free
in solution as in the case of LMC and SOLID projects.
Therefore, their resistance to space constraints under these
two forms will be studied.

One specific antibody and one specific aptamer were
chosen as models in the Biochip experiment. The anti-
horseradish peroxidase (HRP) antibody was selected for
the following reasons: it is a model antibody whose analysis
is easily performed (Baqué et al., 2011a) and well known
from biochemists, it is cheap and delivery times are short.
The aptamer chosen for the ISS mission is an anti-tyrosina-
mide DNA aptamer labeled with fluorescein that was pre-
viously successfully used to evaluate the irradiation effect
(Baqué et al., 2011b).

The samples are freeze-dried during their preparation
because it is less challenging to send dry samples to space
than samples in solution and also to optimize their stability
through time (pre-launch storage and long term mission).
Indeed, antibodies are known to be quite stable for long
time storage when they are freeze-dried (Chang et al.,
2005; Wang et al., 2007).

As it was previously mentioned (Section 2.2), 16 cells
will be allocated to the Biochip experiment – spread equally
on the 2 exposure levels – so that each sample is present in
either 2 or 3 replicates on each exposure level (Fig. 2). All 8
biochip model samples will be gathered at one location on
the sample carrier because radiation gradients were
observed in previous ISS missions (Berger et al., 2012).
3.2. Description of the sample depositing surface

The samples (antibodies or aptamers) are not placed
directly into the steel cell but they are deposited in a poly-
styrene container called a micro-well (Fig. 3A and B). The
polymer surface at the bottom of the micro-well is used for
fixing the sample. Also, the micro-well is associated with a



Fig. 2. Configuration of the tray dedicated to PSS experiment. Disposi-
tion of biochip cells on the sample carrier (encircled): 8 cells contain
samples. The same disposition is applied for the upper and the lower level
of the sample carrier. On each level: grafted antibody samples (n = 3), free
antibody samples (n = 3) and free aptamers (n = 2). Stacks of thermolu-
minescent dosimeters (TLD) are located between the biochip cells (see
Section 6.3).
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Teflon cap and both ensure the sample protection (no con-
tamination) and an optimal recovery (no sample loss).

To fit within the final sample container (the cell), the
design of the well has to meet special dimension require-
ments. When comparing the design of the EXPOSE-R2
cells (Fig. 3C) to that of a regular micro-well on a commer-
cial 96-well plate (Fig. 3A and B), we can see that the well
could fit within the closed cell if its height was reduced. We
thus use individual micro-wells from commercial strip-well
plates (Fig. 3A) to which we perform an additional machin-
ing to reduce its height. (Fig. 3B).
3.2.1. Preparation of the sample depositing surface

Many commercial surfaces are available for the grafting
of bio-molecules such as antibodies and aptamers, each
surface with its own binding properties (covalent bond,
adsorption, affinity). The surface is a key parameter in
the development of a biochip as it strongly conditions the
biochip final properties (sensitivity, stability, etc.) (Moreau
et al., 2011, 2013). Several studies demonstrated that the
covalent grafting of antibodies using polystyrene micro-
wells covered by N-HydroxySuccinimide ester functions
(NHS) is efficient (Baqué et al., 2011a; Moreau et al.,
2011, 2013). In addition, Baqué et al. (2011a,b)and Moreau
et al. (2013) showed that these surfaces are suitable to
Fig. 3. (A) Picture of a regular micro-plate (Stripwell plate). (B) Well dimensio
thinner so that the well can be capped. (C) Cross-sectional drawing of a bioch
evaluate the biochip performance after exposure to space-
related constraints.

Even though we have both samples grafted on a surface
(covalent link) or samples free in solution (no link), we
chose to use the same well type for all samples for conve-
nient matters. Therefore, NHS functions have to be neu-
tralized for non-grafted samples (free antibodies and free
aptamers) to prevent any interaction. We chose to block
the NHS functions using BSA before adding the free anti-
body samples (Fig. 4). For aptamer samples, NHS func-
tions are hydrolyzed rather than covered by BSA in
order to avoid any interaction between the positively
charged proteins and the negatively charged aptamers.
3.2.2. Control of the machined wells

Using wells with reduced height does not imply a change
in common laboratory equipment and procedures. Never-
theless, the machining step that is carried out for well cut-
ting might affect the quality of the commercial surface,
whose functions are essential for antibody grafting but
strongly sensitive to air exposure (humidity). When NHS-
functions hydrolysis occurs, the level of antibody covalent
grafting is reduced (Moreau et al., 2011). To assess that
machining does not affect surface reactivity, two series of
measurements were performed. First, the grafting results
of machined surfaces and new surfaces were compared.
The amount of grafted antibody is identical indicating that
machining doesn’t reduce significantly the surface perfor-
mances (data not shown). Then, intra-batch variability
was evaluated to check that surface performances were pre-
served for all of the batch samples after machining with a
number of samples that is consistent with the ISS mission.
Two surface features were controlled: the physical proper-
ties (for instance, a modification in optical properties could
affect blank values) and the biochemical properties (a mod-
ification in the surface chemistry could affect the biochip
sensitivity). All results (Table 1) show that no general qual-
ity loss was observed on any of the functionalized wells
after machining so that surface properties are not affected
by the machining process (providing that wells do not stay
too long in contact with air). Finally we checked that the
biochip performances – and especially the percentage of
damaged antibody that can be measured – were not
ns before and after machining. The whiter part on top of machined well is
ip cell.



Fig. 4. NHS micro-well surface (bottom) and the 3 uses of its function and reactivity: (1) for antibody covalent grafting (upper left), (2) surface
inactivation using a blocking agent (upper middle), (3) surface inactivation using a hydrolysis buffer (upper right). NHS (N-hydroxySuccinimide surface);
BSA (bovine serum albumin).

Table 1
Tests on machined wells: physical and biochemical properties. Tests were performed with grafted antibodies for which functionalized surface integrity is
essential.

Controlled feature Description of test Why test is critical Result

Physical properties Visual control Observe and note any
impurities

Process cleanliness conditions both physical
and chemical properties

After machining, wells are free
of impurities

Optical
properties

Measure absorbance on
empty wells

Blank values condition performance test
results

All blank values reach normal
signals

Biochemical
properties:
Surface
performances

Blocking
performance

ADECAa

(CBB assay)
Blocking agent has a positive effect on
antibody samples stability

All wells contain enough
blocking agent

Grafting
performance

A2HRPb

(ELISA assay)
Activity conditions biochip analytical
performances

All activity values reach
normal signals

Biochemical
properties:
Analytical
performances

Grafting
performance

A2HRPb

(ELISA assay)
Detection levels must not be affected LOQ level is unchanged after

machining

LOQ: limit of quantification, minimum amount of target that can be detected and quantified.
a ADECA, Amino Density Estimation by Colorimetric Assay, protocol from Coussot et al., 2011.
b A2HRP, Anti HorseRadish Peroxidase Antibody, protocol from Moreau et al., 2011 and Baqué et al., 2011a.
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affected by the reduction in sample volume (as implied by
height reduction) (data not shown).

For free antibodies and free aptamers, two assays were
carried out (data not shown) to control that the use of
modified NHS-surfaces gives results identical to those
obtained with non activated surfaces as regularly used
(Baqué et al., 2011a,b).

NHS surfaces (modified or not) are therefore well
adapted for all samples preparation.

4. Experimental procedure for biochip models preparation

Biochip models preparation includes successively well
preparation (see Section 4.1), sample preparation (see Sec-
tion 4.2), freeze-drying step (Section 4.3), and samples con-
ditioning (Section 4.4).

Additional steps that are not performed by our team are
briefly presented in Section 4.5.
4.1. Well preparation

This step includes height reduction of the commercial
wells, surface preparation (function neutralization) and
identification.
4.1.1. Well machining

The functionalized wells used for biochip models prepa-
ration are obtained from VWR/Sigma–Aldrich (DNA Bind

Stripwell Plate – N-hydroxysuccinimide modified surface –

Costar� Corning). The machining (height reduction) is per-
formed by Air Liquide (Sassenage, France) as follows: the
aluminum pouch containing commercial micro-plates
under slight vacuum with neutral gas is opened just before
the cutting process. Then, wells are removed from their
support, dissociated and cutting process is performed,
one well at a time (Fig. 3B). During the whole cutting



F. Vigier et al. / Advances in Space Research 52 (2013) 2168–2179 2173
process, air humidity content is controlled, and wells are
placed on a lint-free paper to prevent any surface degrada-
tion (NHS hydrolysis and/or scratching of the well). Once
the process is complete, the wells are immediately placed
back on their support, then in their pouch which is condi-
tioned with nitrogen gas and heat-sealed. Sixty-six wells
have been cut at the same time in order to have the same
cutting conditions for wells used for exposed samples, for
all controls (see Section 5), for the qualification procedure
requested by ESA and for some spares. For the 66 wells
needed for this ISS experiment, the whole machining pro-
cess is performed within two hours.

4.1.2. Well identification
The identification of samples and wells is a critical point

that is checked throughout the whole sample preparation
and conditioning process in order to prevent results misin-
terpretation after ISS samples return. Several quality con-
trols are performed in order to prevent well confusion.
First, prior to the use of the machined wells, each of them
is identified on its circumference using an extra thin perma-
nent marker. Indeed, mechanic printing would be too long
for individual identification with regard to chemistry mois-
ture sensitivity. The correspondence between the well, its
content and the cell are reported on several procedures that
are kept by all partners at different locations, both on
printed and electronic documents.

4.2. Sample preparation

Immediately after opening and identifying, wells are
submitted to sample preparation (grafted antibodies, free
antibodies or aptamers) following their respective
procedures.

4.2.1. Grafted antibodies preparation

The following grafting protocol was adapted from
Baqué et al. (2011a). Monoclonal anti-peroxidase antibod-
ies are obtained from MyBioSource, USA. PBS (Phosphate
Buffer Saline) is obtained from Euromedex, France (10X
solution, pH 7.4, 10�2M, diluted in pure water to obtain
1X final solution), BSA (Bovin Serum Albumine, fraction
V, 96–100% protein), Tween� 20 and sodium azide are
obtained from Sigma–Aldrich, France. The antibody solu-
tion at 200 lg/mL is prepared by dilution of the commer-
cial solution (5.6 mg/mL) in a PBS1X buffer containing
0.05% sodium azide. Antibody grafting is performed in
one-step (Fig. 4) by adding 100 lL of this solution per well
and leaving overnight at room temperature under smooth
agitation using a micro-plate agitator (Titramax, VWR,
France), and followed with a washing step where wells
are washed five times with PBS buffer containing 0.05%
Tween�20 (PBST) and twice with PBS. Then, saturation
is performed using 150 lL of a 3% BSA solution in PBS
with 0.09% sodium azide during 2 h at room temperature
and followed by the same washing sequence as for
antibodies.
4.2.2. Free antibodies preparation

Free antibody samples are prepared in two steps
(Fig. 4). First the surface is blocked and then antibodies
are deposited into the wells. BSA is used as the blocking
agent in the same way saturation is performed for grafted
antibodies. The antibody solution at 200 lg/mL is pre-
pared by dilution of the commercial solution (5.6 mg/mL)
directly in the freeze-drying buffer which composition is
detailed in Baqué et al. (2011a), and 100 lL are added to
each well.

4.2.3. Aptamers preparation

Aptamer samples are prepared in two steps (Fig. 4).
First the surface is hydrolyzed and then the aptamers are
deposited into the wells. Carbonate buffer (0.1 M, pH
9.4) is used for hydrolysis: 150 lL are added per well and
left overnight at room temperature under smooth agitation
using a micro-plate agitato. Then wells are washed five
times with ultra pure water. Sodium carbonate and sodium
bicarbonate are obtained from Acros, France. The aptamer
solution at 500 nM is prepared by dilution of the commer-
cial solution in water as described in Baqué et al. (2011b)
and 100 lL are added to each well.

4.3. Freeze-drying

Liquid volumes spotted on commercial biochips are so
small that water evaporates instantaneously and freeze-
drying step is not necessary (like for the majority of micro-
arrays studied by de Diego-Castilla et al.). However, as this
experiment is performed with wells, the liquid volumes con-
sidered are much bigger and freeze drying step appears
unavoidable.

4.3.1. Sample preparation for freeze-drying

Antibodies in solution in water suffer during freeze-dry-
ing (exposure to very low temperatures and desiccation)
(Wang et al., 2007). A freeze-drying buffer has been devel-
oped to limit antibodies physical or chemical degradation
during the freeze-drying step. Its composition (including
components, pH and additives) is described in Baqué
et al. (2011a). Aptamers, however, are less sensitive to
freeze-drying and they are simply diluted and freeze-dried
in ultra-pure water.

Free antibodies and aptamers are diluted directly in
their freeze-drying buffer (respectively freeze-drying buffer
and ultra-pure water) but for grafted antibodies it is neces-
sary to add the freeze-drying buffer after the saturation step
(120 lL per well).

4.3.2. Freeze-drying procedure

This step is performed using a freeze-dryer (Christ
Alpha 2–4), a sealing device and an aluminum case
that was especially designed for the experiment to guaran-
tee optimal stability of freeze-dried samples without
affecting the freeze-drying process (Fig. 5). Indeed, we
have observed that a loss of activity occurs after the



Fig. 5. Pictures of (A) the aluminum case with the sample preparation support; pictures of the sample-containing case within the freeze-dryer, in (B) open
or (C) closed configuration; the case is closed by applying a vertical pressure using the sealing device. The whole system ensures both optimal samples
freeze-drying in the open configuration and good samples protection with sufficient air-tightness in the close configuration (applied at the end of the cycle).
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freeze-drying step which is due to rapid rehydration of the
dry samples with air humidity. We thus limit samples dam-
ages after freeze-drying by isolating the freeze-dried sam-
ples within the closed case before removing them from
the interior of the freeze-dryer (up to 15% less
degradation).

After being cooled down with the liquid nitrogen, the
wells on their support are placed in the case and then on
the sealing device shelf in the open configuration (Fig. 5).
It is left overnight at �80 �C and 0.05 mbar and then
removed from the freeze-dryer as follows: when the
freeze-drying process is complete, the chamber of the
freeze-dryer is filled with nitrogen gas to limit the contact
with humidity-charged air, and using the sealing device,
the sample-containing case is shut before removing from
the chamber.
4.4. Conditioning

As described hereafter, the samples are conditioned in
hermetically closed cells filled with a mixture of helium
and argon and fixed on a supporting device that is placed
in a tube to secure transportation.

All conditioning tools (well caps, cells, cell screwing
socket, cell supporting devices and transport tubes) are
manufactured and provided by Air Liquide (Sassenage,
France). Cells (both half parts) and transport tubes are
engraved with laser for identification. Following delivery
in lab, all tools are cleaned and stored in proper conditions
that prevent any contamination.
4.4.1. Integration of samples within cells

When removed from the freeze-dryer, the sample-con-
taining case is opened in a glove box pre-equilibrated with
a mixture of inert gas made of 10% helium in argon (Air
Liquide, France). Such gas mixture was chosen because fol-
lowing its conditioning the cell integrity will be controlled
with helium leak tests.

Once inside the box, the freeze-dried samples can equili-
brate to room temperature in a dry atmosphere (gas mixture
contains H2O < 3 ppm and, after box equilibration, relative
humidity < 15%) so that no condensation occurs.

After opening the case, the sample-containing wells are
covered one by one with a Teflon cap using a vacuum suc-
tion pen (Fig. 6A). Then the capped wells are picked one at
a time and placed in the corresponding cell taking good
care to match perfectly the right sample to the right cell
according to well and cell respective identification. Note
that the cells are opened within the glove box prior to equil-
ibration with gas to ensure that they contain no trace of
humidity detrimental for the dry samples. For a more con-
venient manipulation inside the glove box, fine-tip tweezers
are used (Fig. 6B). Following well addition, the cells are
closed partly manually (Fig. 6C) and partly using a screw-
ing socket combined with a torque wrench (Fig. 6D). To
ensure that they are all screwed properly and identically,
the final tightening is performed at a given torque of
0.7 Nm. At that step, the cells are on a supporting device
to make their manipulation and shipment easier.

Once all cells are closed, each supporting device is taken
out of the glove box and placed within a transport tube
which is filled with a mixture of argon and helium and her-
metically closed.
4.4.2. Final sample conditioning and storage

Once conditioning is complete, the transport tubes are
stored in a fridge at +4 �C waiting for final conditioning.

The final conditioning is performed by Air Liquide by
taking out the cells from their tube and welding with laser
the male and female parts together in order to make the cell
completely tight. Before and after welding, helium leak
tests are performed to check for cell integrity. Finally, cell
supporting devices are placed back in transport tubes; the
tubes are flushed with gas and stored in the lab (Montpel-
lier, France) in a dedicated fridge at +4 �C.
4.5. Data on samples preservation

Several experiments have been performed on ground to
ensure that the preparation process preserves grafted



Fig. 6. Pictures of the different steps of cell integration for freeze-dried samples. (A) Covering of every sample-containing well with a cap, (B) integration
of capped well to corresponding cell, cells are placed on a supporting tool, (C) manual closing of cells, (D) final closing of cells with proper torque using a
dynamometric wrench.
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antibodies performances. The behavior of samples has been
also studied through long time storage and varying thermal
environment.

Grafted antibodies activity loss after the freeze-drying
step (using the specific aluminum case) was determined
around 20% (5 different tests with 5 repetitions each time).
Preservation of samples during long time storage was stud-
ied with several samples stored in a fridge at 4 �C. Six tests
were performed along one year and they demonstrate that
the performance loss remains under 15% after 12 months
storage (Moreau et al., 2013). We can notice that the flight
samples are stored under inert gas whereas samples tested
were just sealed in a plastic bag, therefore the preservation
of functionality will certainly be better for flight samples.
Thermal shifts from �10 �C to +45 �C were applied to
antibodies samples in order to assess their behavior under
the different thermal shifts that they could face during
transport and manipulation on Earth and during the flight.
We measured an activity loss of 16% (Moreau et al., 2013).
Thanks to our several studies, we know that we can pre-
cisely measure samples activity until 91% of reduction.
Therefore, samples are still perfectly acceptable to be
exposed to harsh space conditions after the unavoidable
activity reduction due to preparation steps, storage and
transport.

4.6. Additional steps before loading on the ISS

Before sample delivery to ESA, cells will be transferred
from their initial supporting device to the corresponding
sample carriers, either ground sample carriers or flight sam-
ple carriers. That step is performed at LISA (Laboratoire
Interuniversitaire des Systèmes Atmosphériques, Paris,
France) under the responsibility of the PSS experiments
leader. Sample carriers will be loaded on trays at MUSC
– DLR (Microgravity User Support Center, Cologne, Ger-
many) and trays will be closed with the appropriate gas
conditions and transported to launch site (Baikonour,
Kazakhstan). Finally, samples will be shipped to the ISS
using Progress spacecraft. Once there, the trays will be
installed into EXPOSE-R core facility and stored within
the ISS for a few weeks at maximum. Then, EXPOSE-R
will be placed at outer surface of the ISS on the Universal
platform D.
5. Controls

5.1. Ground controls

Ground controls correspond to the samples that stay on
Earth during the whole ISS mission. They follow the same
preparing process than ISS samples in the lab and almost
the same transporting process except that they don’t go
all the way to the launching site but stay in the German
Aerospace Center (DLR) after sample uploading on trays.
They will thus be used as references when analyzing the ISS
samples returning from space. Two types of ground con-
trols are prepared (Table 2). One will be kept at +4 �C,
as a reference for the combination of all space constraints.
Another control called the mission ground reference
(MGR) will be exposed to thermal cycling as close as pos-
sible to that of the flight samples. The temperature cycles
will be defined based on data collected on the ISS during
EXPOSE-R2 mission so that MGR samples undergo the
same thermal history as ISS samples, almost instanta-
neously (data processing time).
5.2. Presentation of lab controls

We chose to have additional controls apart from the 2
ground controls already mentioned. Indeed, due to a lim-
ited amount of samples that can be exposed on the ISS,
only 16 samples are allocated to the Biochip experiment,
equally spread on both exposure levels. Each sample type
is thus available in only 2 or 3 replicates (Table 2). It is very
important that we are able to interpret the final analysis
results despite the low number of samples, hence we need
to have a way to control every critical step of the mission.

Two types of lab controls are prepared corresponding to
2 critical steps of the mission: preparation, and transport
(Table 2). They are all prepared, stored and transported
in parallel to the flight samples so that their analyses give
precious information on the flight samples condition at a
given moment.

Preparation controls are “t0” controls which must
ensure that samples preparation went well, and that ISS
samples quality was not affected by preparation. The
results of preparation controls analysis will condition the



Table 2
Sample types and numbers for every mission phase.

Number of samples

Grafted antibodies Free antibodies Aptamers

ISS samples Upper level 3 3 2
Lower level 3 3 2

Ground controls MGR (+4 �C) 3 3 2
MGR (thermal cycling) 3 3 2

Lab controls Preparation controls 3 3 /
Transport controls 3 3 /

MGR: mission ground controls.
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acceptance or rejection of the prepared set. In case of lot
rejection, a new lot will have to be prepared.

Transport controls tell us in what condition the samples
are before launching and in what extent they have been
affected by transportation throughout all transportation
steps from the laboratory to the launching site. The results
of transport controls analysis do not condition the follow-
ing of the mission but have an informative nature.

The controls are only prepared for antibodies samples.
Indeed, aptamers are known to be extremely stable to tem-
perature variations (which will be the main transport con-
straint) and their preparation only includes two steps, thus
limiting the risks of degradation (Baqué et al., 2011b). Con-
trols go through the whole preparation procedure together
with ISS samples. Preparation controls are analyzed right
away after sample preparation. Transport controls are inte-
grated within cells and transports tubes. They are trans-
ported to launching site in the same conditions as ISS
flight samples and then shipped back to the laboratory for
storage. The analysis of transport controls will be performed
in parallel to the ISS flight samples, at the end of the mission.

The time course of our experiment, from samples and
controls preparation to final analysis is illustrated in Fig. 7.
Fig. 7. Time course of the Biochip experiment, from preparation to final analys
Atmosphériques, MUSC – DLR = USOC (User Support and Operation Cent
5.3. Analysis of lab controls

Sample rehydration must be done instantaneously
after cell opening. For preparation controls, a biochemi-
cal analysis is performed following the protocol pub-
lished by Baqué et al. (2011a) (antibody direct ELISA
or antibody competitive analyses) and by Baqué et al.
(2011b) and Ruta et al. (2009) (aptamer analysis).
Results obtained with lab control samples are compared
to their respective lab reference value: the activity of
grafted antibodies must be above 30 ng of HRP and
the IC50 (half maximal inhibitory concentration) of free
antibodies must be less than 5 lg/ml. Those criteria are
based on the following requirement: any result that we
wish to analyze must be greater than the limit of quan-
tification (minimum level of interaction that can be
detected and quantified). The criteria also include a mar-
gin that was determined based on our knowledge of the
level of degradation for each critical step. Conclusions
drawn from preparation control analyses are generalized
to all samples and they condition whether the ISS sam-
ples (flight and ground samples) can follow on the
mission.
is (AL = Air Liquide, LISA = Laboratoire Interuniversitaire des Systèmes
er) of German Aerospace Center).
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6. Dosimetry

6.1. Interest of dosimetry measurement for the experiment

One of the main objectives of this experiment is to study
the ionizing radiation impact on our samples. Indeed, ion-
izing radiation can induce local damages to bio-molecular
targets (such as DNA) through local energy deposition
(see for e.g. Cucinotta et al., 2003). At the International
Space Station Low-Earth orbit, the main contribution
arises from primary trapped protons and GCRs, as well
as from secondary protons and neutrons. X-rays are usu-
ally considered as negligible in view of other incident par-
ticles fluences (Ersmark, 2006). Fluences in Low-Earth
Orbit have been recently simulated by Matthiä et al.
(2013b) using a realistic galactic cosmic ray model (Matthiä
et al. 2013a) for the dominant species (H, He, C and Fe);
the largest fluences are obtained for H and He, while flu-
ences for C and Fe are smaller by several orders of magni-
tude. A more specific simulation is under development to
assess the ionizing dose that the EXPOSE-R facility and
the biochip cells will receive during the exposition phase
of the present mission. These simulations use the GEANT4
tool (Agostinelli et al., 2003; Allison et al., 2006).

However, simulations are interesting but they need to be
confronted with real measurements. Therefore, to assess
the impact of ionizing radiation on our samples, it is neces-
sary to characterize as accurately as possible the radiation
environment that they will encounter during the mission.

Two types of radiation dosimetry measurements will be
performed on the EXPOSE-R platform.

An active sensor package called R3D, for Radiation
Risks Radiometer-Dosimeter, will provide some active
dosimetry data for the whole platform. R3D instrument
is adapted from similar sensor packages used during previ-
ous EXPOSE missions (Dachev et al., 2012). It will provide
the history of the accumulated radiation dose (lGy/h), the
total dose (Gy), the particle flux (particles/cm2/s) and the
particle fluences with different deposition energies.

Thanks to the German Aerospace Center (DLR) exper-
tise in space dosimetry, the Biochip experiment will benefit
from passive dosimetry measurements performed as close
as possible to our samples. These different dosimetry mea-
surements will be a precious help to interpret results when
samples will be back on Earth as they will give data on the
Fig. 8. Pictures of a TLD (left), the specific design of the biochip cell
bottom (middle) and two TLDs integrated into a cell (right).
homogeneity of radiations among all the cells (and all the
samples). We will have a good assessment of the difference
of radiation level between the upper and the lower tray. We
will also be able to determine possible gradients in radia-
tion exposures among the cells of a same tray.

6.2. Thermoluminescent dosimeters (TLD)

Thermoluminescent dosimeters will be used to estimate
the dose received by samples. These dosimeters are made
of 7LiF with Mg and Ti dopants and are provided by
Thermo Fisher Scientific, Inc. (Ohio, USA) under the trade
name TLD-700. One of the main advantages of those
detectors is their small size as they only measure
3.2 � 3.2 � 0.9 mm (Fig. 8).

They will provide the global dose absorbed during the
whole mission. Indeed, the dosimeter stores the energy cap-
tured from ionizing radiations in the crystal lattice defects,
and releases it as light when heated during laboratory read-
out. The amount of light is correlated to the radiation
exposure. Such dosimeters have already been used on
EXPOSE-E facility (Berger et al., 2012). All the TLDs used
for our experiment are calibrated and provided by the
Institute of Aerospace Medicine of the German Aerospace
Center (DLR) which will also perform the post-flight
analysis.

6.3. Thermoluminescent dosimeter locations on the sample

carrier

TLDs will be integrated in 3 different locations: within
the cells, directly in the sample carrier core and beneath
the sample carriers.

Two TLDs will be placed in each cell, under the well
containing samples. Fig. 8 shows the design of the cell bot-
tom which has been machined to offer two specific adapted
locations for the two dosimeters. As they are very close to
the sample, they will give a very good estimate of the ion-
izing dose received.

Also, special holes will be drilled into the sample carrier
core to host TLD stacks. Indeed, some columns of eight
stacked TLDs will be integrated between cells (Fig. 2) in
order to assess radiation distribution in depth.

Finally, some dosimetry modules composed of TLDs
and CR39 films will be integrated beneath the sample car-
riers to determine the dose levels for maximum shielding.

6.4. Thermoluminescent dosimeters integration

TLDs are provided in plastic holders and each TLD is
identified by its position in the holder map. The dosimeters
are integrated in the cells during sample conditioning
within a glove box. All of the cells, including the ISS sam-
ples and controls, will contain a pair of dosimeters. To pro-
ceed with their integration, they are grabbed with fine tip
tweezers and placed in the respective cell following an inte-
gration map. At the bottom of the cell, a punch is made at
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one of the 2 TLD locations during cell manufacturing to
differentiate them (Fig. 8). This allows placing every dosim-
eter back in its original position in the plastic holder at the
end of the mission. Indeed, each dosimeter has its own spe-
cific calibration factor and should be well identified all
along the mission. Once dosimeters are positioned at the
bottom of the cell, the sample integration can be carried
out.
7. Conclusion

In the present paper, we present the preparation of the
Biochip experiment which will be part of the PSS experi-
ment aboard the ISS using the EXPOSE-R facility. For this
experiment, two types of biological samples were selected: a
model antibody and a model aptamer. The optimized con-
ditioning consists in adding them to a small container
under the freeze-dried form. After validation (acceptance)
of the prepared batch, the samples will be stored in a con-
trolled atmosphere, waiting launching. Once on the ISS,
the samples will undergo different levels of exposure to
space constraints (in particular different levels of cosmic
radiations). Both the preparation and analysis procedure
optimizations are now complete and the samples are ready
to fly. EXPOSE-R2 mission should be launched in April
2014 and it is intended to last for around 2 years including
12–18 months of exposure outside the ISS. The scientific
objective is to test the resistance of the biochip models to
cumulated space constraints. Indeed, even though ground
experiments are useful for evaluating the impact of a given
space constraint on a biochip-based instrument, it does not
take into account the cumulative effect of all constraints.

Nevertheless, both types of experiments (carried on
Earth and on ISS) are very useful as they can help the sci-
entific community to optimize the use of a biochip-based
instrument for space exploration by developing adapted
protections.
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