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Space Biology Research in CubeSats
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GeneSat-1

NASA 3U CubeSat
Launch mass 4.6 kg
Dimensions 10cm X 10cm X 34cm

Power 4.5 watts
Launch date 16 December 2006, 12:00:00 UTC
Rocket Minotaur 1
Launch site  Pad OB at the Mid-Atlantic Regional Spaceport on ; _
Wallops Island T
Contractor ~ Orbital Sciences Corporation well v £ cal e storng
End of Mission 4 August 2010 (Decay date) —

Orbital parameters

Reference system Geocentric orbit

Regime Low Earth orbit s prr A
Average altitude 416.5 km TN

Inclination 40.0° ¥

Period 92.9 minutes

NASA first fully automated, self-contained biological spaceflight
experiment on a satellite of its size.

. . ge Intensit -
Figure 4 Fluidics card requency -

The nanosatellite contained an onboard micro-laboratory system that actectar excitation LED
provided life support for bacteria E. coli K-12 and carried sensors and Fiouro § Fluoroccontlvicihlo antiral dotortor
optical systems to detect fluorescence proteins. https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1502&context=smallsat
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GeneSat-1

NASA 3U CubeSat
Launch mass 4.6 kg
Dimensions 10cm X 10cm X 34cm

Power 4.5 watts
Launch date 16 December 2006, 12:00:00 UTC
Rocket Minotaur 1

Launch site  Pad OB at the Mid-Atlantic Regional Spaceport on
Wallops Island

Contractor Orbital Sciences Corporation

End of Mission 4 August 2010 (Decay date)

Orbital parameters

Reference system Geocentric orbit

Regime Low Earth orbit
Average altitude 416.5 km
Inclination 40.0°

Period 92.9 minutes

NASA first fully automated, self-contained biological spaceflight
experiment on a satellite of its size.

The nanosatellite contained an onboard micro-laboratory system that
provided life support for bacteria E. coli K-12 and carried sensors and
optical systems to detect fluorescence proteins.
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O/OREQOS SESLO

NASA 3U CubeSat
Launch mass 5.5 kg
Dimensions 10cm X 10cm X 34cm

Power 4.5 watts
Launch date 20 November 2010, 01:25 UTC
Rocket Minotaur IV

Launch site  Kodiak, LP-1

Contractor Orbital Sciences Corporation
Orbital parameters

Reference system Geocentric orbit

Regime Low Earth orbit
Average altitude 630 km
Inclination 72°

Period 97.7 minutes

A self-contained pressure vessel which provides life support (air pressure,
humidity, growth media, and temperature control) for B. subtilis for six
months. The samples, in 24 wells on a rotating carousel, were imaged
regularly with UV/VIS spectroscopic instrumentation.

Additional payload: amateur radio beacon (437.305 MHz)
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O/OREQOS SESLO

NASA 3U CubeSat

Launch mass 5.5 kg

Dimensions 10cm X 10cm X 34cm

Power 4.5 watts

Launch date 20 November 2010, 01:25 UTC
Rocket Minotaur IV

Launch site Kodiak, LP-1

Contractor Orbital Sciences Corporation

Orbital parameters
Reference system
Regime

Average altitude
Inclination

Period

A self-contained pressure vessel which provides life support (air pressure,

Geocentric orbit
Low Earth orbit
630 km

72°

97.7 minutes

humidity, growth media, and temperature control) for B. subtilis for six
months. The samples, in 24 wells on a rotating carousel, were imaged
regularly with UV/VIS spectroscopic instrumentation.

Additional payload: amateur radio beacon (437.305 MHz)
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FIG. 4. SESLO data, B. subtilis ykoUykoV mutant strain

WN1087 spores. Flight (FL; filled circles) and ground control (GC; open
circles) data for SESLO bioblock module 1, activated at Day 14 post-
launch (top row A-C) and bioblock module 2 activated at Day 97 post-
launch (bottom row D—F). Data were taken at 470 nm (A, D), 525 nm (B,
E), and 615 nm (C, F). Data points are averages=standard deviations (n=4
for B/FL; n=5 for E/FL; n=6 for all others).
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PharmaSat

NASA 3U CubeSat
Launch mass 4.5 kg
Dimensions 10cm X 10cm X 34cm

Power 4.5 watts
Launch date 19 May 2009, 23:55 UTC
Rocket Minotaur 1

Launch site  Pad OB at the Mid-Atlantic Regional Spaceport on
Wallops Island

Contractor Orbital Sciences Corporation

End of Mission 14 August 2012 (Decay date)

Orbital parameters

Reference system Geocentric orbit

Regime Low Earth orbit
Average altitude 459 km
Inclination 40.4°

Period 93.52 minutes

It contained a controlled environment micro-laboratory with a microfluidics
system consisting of a 20.32x10.16 cm plastic card with 48 wells for yeast
growth and tubes for growth solution and anti-fungal agent input. It also
contained sensors and optical systems to detect the growth, density and
health of yeast cells.

heater Iayer

PC board
LED,
capping layer capping layer

Gas-perm. membrane Optical quality / clear

Acrylic

7.7 mm
Acrylic
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Gas-perm. membrane | | Optical quality  clear

capping layer capping layer
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Detector chip
[ PC board N\ 1

heater layer
Figure 3: Microfluidic, optical, and thermal cross section of one of
48 wells; each contains 100 uL and has integral 1.2-um filter
menmbranes at inlet and outlet to confine the yeast. RGB LED and
detector pair at opposite ends of each well measure 3-color trans-
mittance.  Patterned Kapton heaters plus aluminum thermal
spreaders give < 0.3 °C temperature uniformity across the card.

https://doi.org/10.31438/trf.hh2010.31

Additional payload: amateur radio beacon (437.465 Mhz) https://www.nasa.gov/pdf/331108main_pharmasat_Fact%20Sheet_FINAL.pdf
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PharmaSat

NASA 3U CubeSat
Launch mass 4.5 kg
Dimensions 10cm X 10cm X 34cm

Power 4.5 watts
Launch date 19 May 2009, 23:55 UTC
Rocket Minotaur 1

Launch site  Pad OB at the Mid-Atlantic Regional Spaceport on
Wallops Island

Contractor Orbital Sciences Corporation

End of Mission 14 August 2012 (Decay date)

Orbital parameters

Reference system Geocentric orbit

Regime Low Earth orbit
Average altitude 459 km
Inclination 40.4°

Period 93.52 minutes

It contained a controlled environment micro-laboratory with a microfluidics
system consisting of a 20.32x10.16 cm plastic card with 48 wells for yeast
growth and tubes for growth solution and anti-fungal agent input. It also
contained sensors and optical systems to detect the growth, density and
health of yeast cells.

Additional payload: amateur radio beacon (437.465 Mhz) https:
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Figure 8: Terrestrial (top) and spaceflight LRRRS | O
(bottom) growth curves for S. cerevisiae at 27
°C in RPMI growth medium as a function of
voriconazole antifungal concentration. 6
wells are tracked for each condition: “Con- before yeast growth begins (top) and
wrol” includes no AF; “low AF”, “MIC”, and the time constant of the exponential
“high AF” correspond to 0.13, 0.50, and 2.0 WMcrowth phase (bottom) for ground
ug/mL concentrations of voriconazole, re- and spaceflight measurements with
spectively. (Circles and ellipses indicate sets S/ zor0 antifungal agent concentration.

metabolic index doub_ﬁng time

Figure 9: Comparison of “lag time”

of growth curves for each labeled condition). ~masat Fact%20Sheet FINAL.pdf
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BioSentinel

NASA 6U CubeSat
Launch mass 14 kg
Dimensions  10cm X 20cm X 34cm

Power 30 watts
Launch date 16 November 2022, 06:47:44
Rocket SLS Block 1

Launch site  Kennedy Space Center LC-39B
Orbital parameters
Reference system Heliocentric orbit

Of the total 6 Units volume, 4 Units held the science payload, including a
radiation dosimeter and a dedicated 3-color spectrometer for each well;
0.5U housed the ADCS (Attitude Determination and Control Subsystem),
0.5U housed the EPS (Electrical Power System) and C&DH (Command
and Data Handling) avionics, and 1U housed the attitude control thruster
assembly, which was 3D printed all in one piece: cold gas (DuPont
R236fa) propellant tanks, lines and seven nozzles.

The BioSentinel biosensor uses the budding yeast Saccharomyces
cerevisiae to detect and measure DNA damage response after exposure
to the deep space radiation environment.
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Final orbit of secondary's to be determined
Will likely be Earth-interior, heliocentric orbit

Far outside the LEOs typically occupied by
CubeSats
— Range to Earth of 0.73 AU at 18 months

— Far outside the protective shield of Earth’s
magnetosphere




Vega-C Maiden Flight — Kourou, French Guiana 13/07/2022
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Vega-C Maiden Flight — Kourou, French Guiana 13/07/2022

@ Agenzia Spaziale Italiana 1



a

AstroBio Cube Sat (ABCS) a

» 3U CubeSat design (30x10x10 cm)
* Mission VEGA-C Maiden Flight (LARES2) 13 July 2022
* 6000 km circular orbit

10 cm

. i i . . i Pressurised
Fully autonomous lab-on-chip platform for performing chemiluminescence-based bioassays in \  Solar panel aluminum box
Space_ Radio
antennas

An origami-like microfluidic paper-based analytical format allowed preloading all the reagents in A
the dried form on the paper substrate, thus simplifying device design and analytical protocols, '
facilitating autonomous assay execution, and enhancing the stability of reagents.

Structure

Radiation
dose sensor

folding
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v To the photosensors
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https://doi.org/10.1016/j.bi0s.2023.115110
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3U CubeSat design (30x10x10 cm)

Mission VEGA-C Maiden Flight (LARES2) 13 July 2022
6000 km circular orbit

Closed hydroponic system

Growing room with O2, VOCs, Pressure, Temperature, Humidity,
CO2 sensors to monitor plants state

Equipped with IR and VIS cameras

Growth to Microgreen stage | | Baby,teaf

5

Rocket (Eruca sativa)

Jasmin Richardson
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GreenCube

3U CubeSat design (30x10x10 cm)
Mission VEGA-C Maiden Flight (LARES2) 13 July 2022

6000 km circular orbit

Inner Belt |
1,000 — 8,000 miles

Low-Earth Orbit (LEO)
International Space Station
230 miles

Van Allen Probe-A

Van Allén Probe-B
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GreenCube

3U CubeSat design (30x10x10 cm)

Mission VEGA-C Maiden Flight (LARES2) 13 July 2022

6000 km circular orbit
Closed hydroponic system

Growing room with O2, VOCs, Pressure, Temperature, Humidity,

CO2 sensors to monitor plants state
Equipped with IR and VIS cameras
Growth to Microgreen stage

Baby,leaf

5

{
1045 d

Rocket (Eruca sativa)

Jasmin Richardson
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GreenCube
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GREENCUBE Ground Station Locations

GreenCube - Digipeater

GreenCube telecommunication subsystem has a digipeater functionalityt
available to the radioamateur community. It can operate in real-time modeEf
and in “store & forward” mode and requires an amateur radio station withZ
— Windows PC

— Directional antenna (10 dBi at least recommended)
— Audio connection between transceiver and PC.
The frequency is the same used in the telemetry channel (435.310 MHz)

and the activation of the digipeater function is scheduled at least every e RN -
week during the weekends (from Friday at 00:01 UTC to Sunday at 23:59 ~150 ~100 50 o — 50 100 150
. . . Latitude (degrees
UTC), with possible extensions. _ _ . . ‘ N TP R & s
The software needed to communicate with the satellite, plus technical @ Not done a #7DaysOfSats in a while, @ oo
guide of the setup and the GUI features (GreenCube_Digipeater.zip), is ecilfont BrvarGute e of naw e 100 et Eog s vt M A

for download here: https://www.s5lab.space/index.php/digipeater/ . It countries and grid squares worked. S5 (M) ol s O 0210 g
contains the user manual, Graphical User Interface (GUI), Terminal Node SESETE S ‘

Controller (TNC) software, and GNURadio script to receive and transmit.
Alternative software can be found online.

The GreenCube satellite also has the name 10-117, given by AMSAT

BL12

https://www.amsat.org/greencube-designated-italy-oscar-117-i0-117/ . : ' Scott Chapman s
The unique feature of the high altitude of the orbit results in a much longer )2 1 O 19 w’ @scott23192
visibility time than in the case of the LEO satellite 10-117, which will Thrilled to report my first digipeat &

thanks to K8DP (@kd8cao), the first
complete CONTACT via GreenCube

i 0626utc 5800+ Km altitude! Many
httpS//hf5| . pI/en/g reencube-satellite/ more 1k2 packets repeated during
pass & 129 telem decodes to SatNogs.
Add to LoTW, please??
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enable communication at distances of up to 12,500 km.



https://www.s5lab.space/index.php/digipeater/

Conclusions

The CubeSat technology can be a cost-effective way of performing biological experiments in Space.

CubeSats allow to access conditions that would otherwise be impossible to simulate on ground or
onboard the ISS, like MEO.

While the use of off-the-shelf CubeSat components are the reason why this technology is affordable, new
technologies for miniaturized microfluidic systems, sensors and imaging systems should be developed to
enable more in-depth biological studies. These systems could also be used for applications in orbiting
stations, where the drive for miniaturization is still very strong.

. o | DL N

KAYSER PI

ITALIA

Fluorescence Microscope Cytometer Raman-based Spectrometer

Cubesat Technology can be used as payload hardware for experiments onbard the ISS.
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OVOSPACE

4 3 R
The OVOSPACE project will mgstigate how Granulosa
cells (GCs) and Theca cells (TC& from mammalian

ovaries could be affected in their endocrine function

when exposed to microgravity
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Pre-flight 30 h | [ Flight+Docking24h | | ISS expreriment72h | | Fixative injection through the unit pumps |

Extraction/stowage
return to Earth

>

Insertion in the return
cold stowage container

Dept. of Experimental Medicine
Sapienza University, Rome

On-ground simulated microgravity uuu
paziale Italjana (RPM machine)




SpaceSlime

Plates containing dormant (dehydrated) slime mould (P. polycephalum)
will be uploaded to the ISS. Slime mould does not require temperature
control or gas exchange, the hardware will be completely automated
and self-contained.
After activation (addition of water), the experiment runs for 2-4 days: the
slime moulds will be let to grow and imaged regularly. Image download,
at least partial, would be preferable for experiment monitoring.

The experiment is stopped by fixation (RNAlater).
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