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Abstract— The student project “FORAminifera Rocket 

EXperiment” (FORAREX) was developed and conducted within 
the student educational programme REXUS/BEXUS.  Focus of 
this investigation was the cellular response of foraminifera to 
microgravity and the exceptional physical stress during rocket 
launch, e.g., vibration and acceleration. Further the launch 
impact on the shell building capacity of foraminifera was 
examined. For cultivating purposes, a life-support-system with a 
flow cell as observation chamber was built. Monitoring vitality 
and calcification was conducted with sensors measuring pH, 
oxygen and temperature of the sea water. FORAREX launched 
in March 2019 on the sounding rocket REXUS 25 on a nominal 
flight. 

This paper has been submitted in a similar version elsewhere. 
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I.  INTRODUCTION 
Foraminifera are mainly marine unicellular organisms 

which typically produce an external shell, which can have 
either one or multiple chambers. These shells are most 
commonly made of calcium carbonate (CaCO3) or agglutinated 
sediment particles. Foraminifera are characterised by streaming 
granular ectoplasm through their aperture called 
granuloreticulopodia, hereinafter referred as pseudopodia. The 
latter consists of cytoskeleton structures representing a multi-
functional cellular network serving various purposes such as 
locomotion, feeding, digestion, and chamber formation [1], [2], 
[3]. 

First studies on mice show that foraminiferal shells can be 
employed as material for drug delivery systems, which allows 
for a better control of drug release than conventional 
applications [4]. Another important application is the use of the 
shells in bone revitalisation already tested in mice [4], [5]. 
Biominerals derived from marine organisms are an interesting 
field of research for nano-scale chemical reactions. The 
calcium carbonate can be coupled with different substrates, 

possibly enabling improved or even new manufacturing and 
processing methods [6], [7], [8], [9], [10], [11].  

Crystallisation of biomolecules is already known to be 
different under microgravity than on Earth. For example, 
albumin crystals formed on board of the International Space 
Station (ISS) were significantly larger and more regularly 
organised compared to the same crystals formed under Earth 
gravity conditions [12]. As calcareous foraminiferal shells are 
compounds of proteins and calcite, we expect the 
crystallisation in their shell biomineralisation process to be 
affected in a similar way under microgravity. The complete 
process is not yet fully understood and thus an interesting field 
of research. This opens up the creation of new biomaterials 
with possible applications in drug development, formulation, 
manufacturing and medicine. 

As preceding investigation for a long-term experiment on 
board of the ISS, where we would like to investigate 
foraminiferal shell formation and cell physiology under 
extended microgravity influence, the FORAREX experiment 
was developed and conducted in the course of the 
REXUS/BEXUS programme - an opportunity for university 
students to carry out scientific and technological experiments 
on board of sounding rockets or stratosphere balloons. The 
programme is realised under a bilateral Agency Agreement 
between the German Aerospace Center (DLR) and the Swedish 
National Space Agency (SNSA). The Swedish share of the 
payload has been made available to students from other 
European countries through the collaboration with the 
European Space Agency (ESA). Experts from DLR, SSC, 
ZARM and ESA provide technical support to the student teams 
throughout the project. EuroLaunch, the cooperation between 
the Esrange Space Center of SSC and the Mobile Rocket Base 
(MORABA) of DLR, is responsible for the campaign 
management and operations of the launch vehicles [13], [14]. 

Under the limited microgravity duration provided by the 
REXUS sounding rockets, we focused on testing the equipment 
and the motility of the foraminifera Amphistegina lobifera 
Larsen 1976 [15] during launch and flight in comparison to a 
control group.  

https://doi.org/10.29311/2020.58

234



Since microgravity induces changes in cytoskeletal 
structures [16], it is interesting to investigate if the pseudopodia 
of the living cell would change under microgravity, as the shell 
of foraminifera is synthesised using the pseudopodia as a 
template. Additionally, the shell building capability and 
motility was investigated by optical means, scanning electron 
microscopy (SEM) and nanoscale secondary ion mass 
spectrometry (nanoSIMS) after 4 weeks post-flight cultivation. 
For improved shell analysis we labelled the shells with 
strontium isotopes. For this experiment, we designed and 
constructed a Late Access Module (LA Module) 
accommodating the closed-circuit life-support system with 
integrated LED-based illumination for real-time observations 
of foraminifera and tested it successfully under reduced gravity 
and  sounding rocket mission conditions. Low-drift optical 
sensors continuously measured oxygen (O2) and pH level. 
Water temperature and ambient pressure were measured with 
electronic sensors. Foraminifera were recorded with integrated 
and automated Raspberry Pi cameras. 

II. MATERIAL AND METHODS 

A. Life-support system 
The designed life-support system consisted of two 

independent water circulation cycles. Each cycle system 
contained one flow cell to hold the organism, UV-lights for 
sterilisation, a water tank, a peristaltic pump, LEDs for 
photosynthetic active radiation (PAR), a camera and sensors 
for measuring oxygen concentration, temperature and pH level 
(Fig. 1). The system was controlled by a Raspberry Pi Compute 
Module 3.  

A minicomputer read out the cameras (one for each 
chamber) and the sensor values O2 and pH level for water cycle 
0 (Exp0) and O2 for water cycle 1 (Exp1). Further it read out 
temperature, air pressure and values of an inertial measurement 
unit (IMU). Moreover it controlled the actuators (pumps, 
heater, fan and LEDs (PAR and UVC)). Furthermore a real 
time clock for better time references and temperature sensors 
for active temperature regulation was integrated. 

Each flow cell functioned as an observation chamber for 
one single foraminifer. Injection of the organism was done via 
a cannula through layers of septa at one side of the flow cell. 
This was necessary for injection of the foraminifera into the 
fully assembled LA Module shortly prior to lift-off (LO). 

 

Fig. 1. Schematic diagram of one water cycle. Each water cycle is a self-
sufficient enclosed system. 

B. Experimental set-up 
Foraminifera 1.3 mm in diameter were used. This ensured 

visibility of the organisms and their pseudopodia. The 
foraminifera were kept in artificial seawater (Tropic Marin® 
CLASSIC SEA SALT, according to Standard ASTM D1141-
98) at 20 °C under a day-night cycle of 12 hours light and 12 
hours darkness. The simulation of the diurnal rhythm was 
conducted with light according to the required photosynthetic 
light spectrum of the endosymbiotic algae (diatoms Fragilaria 
shiloi J. J. Lee, Reimer & McEnery 1980 [17] and Nitzschia 
panduriformis Gregory 1857 [18]). Food for the foraminifera 
was omitted in order to stimulate foraging movements of the 
cells. 

Supplementation of the culture medium with strontium was 
necessary in order to distinguish the shell sections that have 
been grown before, during and after the rocket flight phase. A 
first chemical labeling with strontium chloride-hexahydrate 
(SrCl2*6H2O) was added to the sea water 6 days before launch. 
Strontium-86 carbonate isotope (86SrCO3) was added as a 
second label the day after flight. 

The cells were inserted into the flow cell 2 days before 
rocket launch. The LEDs placed directly above the 
foraminifera supplied them with light for photosynthesis and 
illuminated them when a picture was taken by the cameras. 
Pictures were recorded every 2 seconds and sensor data were 
recorded every 5 seconds before, during and after flight.  

After recovery, the experiment was run for additional 31 
days at 20 °C in an incubator and then disassembled. Cells were 
evaluated for evidence of life in petri dishes with freshly added 
food. Shell integrity of the foraminifera was evaluated by 
means of light microscopy. 

A ground control group was conducted in the same 
experiment procedure apart from the rocket launch and flight. 

C. Sounding rocket and flight 
The REXUS vehicle is a one-stage rocket, consisting of an 

improved Orion motor and the payload. This rocket gives 
approximately two minutes of microgravity conditions with a 
payload mass of up to ~95 kg, including the service and 
recovery systems [14].  REXUS 25 was launched on 11th of 
March, 2019 at 10:20:00 local time (LO UTC+1:00) with five 
student experiments (FLOMESS, HEDGEHOG, PR3, 
FORAREX, GAME) on board from the European Space and 
Sounding Rocket Range (Esrange) near Kiruna, Sweden. The 
total weight of the sounding rocket setup was 541 kg at a size 
of 5.927 m. 

The LA Module was prepared shortly before launch and 
was inserted into the rocket 2 hours 50 minutes before LO. The 
successful connection was checked via the uplink/downlink 
communication. 

Rocket motor burnout was after T+26 s. At T+67 s (67 
seconds after LO) yo-yo de-spin was set in shortly followed by 
the rocket motor ejection at T+70 s. Apogee was reached after 
T+124 s at a minimum altitude of 82.184 km. Parachutes were 
deployed at T+5 min 55 s and T+6 min 20 s and the rocket 
landed at T+13 min 41 s. 
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III. RESULTS 
As the launch was scheduled for early morning, the LA 

Module was prepared a day ahead and was completed in time. 
All the systems of the experiment operated as planned during 
the nominal flight. 

Water temperature increased up to 31°C – 34 °C during 
flight (Fig. 2, 3). Oxygen concentration in both water cycles 
dropped sharply a few minutes after LO (Fig. 4, 5). Pressure 
within the flight module dropped from 1,000 to under 600 hPa 
at LO (Fig. 7). Alkalinity spiked from pH 7.09 to pH 7.13 at 
LO, then stabilised at pH 7.11 during parachute breaking and 
landing (Fig. 6).  

After a successful recovery, the LA Module was brought 
back to the laboratory to supply it with electricity for the post-
flight data recording. Both water cycles showed an initiate 
temperature of 14 °C – 15 °C. 

In-depth analysis of the post-flight data as well as the 
launch and microgravity impact on the shell biomineralisation 
will be published in separate papers. 

 

 

 

Fig. 2. Water temperature of Exp0. LO at 10:20:00 local time (UTC+1:00). 

 

 

Fig. 3. Water temperature of Exp1. LO at 10:20:00 local time (UTC+1:00). 

 

Fig. 4. Oxygen content of Exp0. LO at 10:20:00 local time (UTC+1:00). 

 

 

Fig. 5. Oxygen content of Exp1. LO at 10:20:00 local time (UTC+1:00). 

 

 

Fig. 6. pH Value of Exp1. LO at 10:20:00 local time (UTC+1:00). 
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Fig. 7. Ambient pressure inside the LA module. LO at 10:20:00 local time 
(UTC+1:00). 

 

Fig. 8. Specimens of Amphistegina lobifera used in this experiment. Scale 
bar is 1 mm. a) Foraminifer in water cycle 0 (Exp0), b) foraminifer in water 
cycle 1 (Exp1). 

IV. DISCUSSION AND CONCLUSIONS 
Cameras and monitoring sensors worked within the limits 

of their specifications, allowing the observation of living 
foraminifera during rocket flight. The increased water 
temperature before flight derived from the heated environment 
(30 °C – 31 °C), especially applied by the ground operation 
crew for this mission to prevent freezing of the foraminifera, 
before the rocket was brought into launch position. The 
insulated LA Module kept the water temperature within range 
until landing. 

The major drop in oxygen concentration in both water 
cycles is presumably due to the drop of the ambient pressure 
within the LA Module. This may have caused some outgassing 
of dissolved atmospheric gases (nitrogen, oxygen and carbon 
dioxide), as the solution of gases in water is pressure-
dependent. Outgassing of carbon dioxide may be indicated by a 
slight shift in alkalinity shortly after lift-off. During parachute 
breaking and landing, the carbon dioxide redissolved in the 
water due to increasing ambient pressure and restored the 
original alkalinity by forming carbonic acid. 

In summary, our life-support system and LA Module were 
suitable to observe living foraminifera during rocket flight. 
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