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Introduction

Over the last decades nanomaterials are attracting a lot of interest and efforts in scientific and technological applications. They are extremely interesting systems both from a fundamental science and a technological point of view. The first, because they allow the exploration of the behavior of solid state systems, interphases, crystals when brought to extreme conditions of spatial confinement where the linear size of the systems is comparable to the quantum length scale of the wave packets of the system constituents; the second, as these nanosystems find an enormous variety of applications from nanoelectronics and robotics to superconductivity, energetics and alternative energy production (e.g. solar cells), to nanobiosciences. Among these, 2D materials represent the most stimulating classofnanosystems because of their highest surface to volume ratio that make them very much indicated to enhance any type of interaction with surrounding environment. Due to their specific quantum confinement characteristics, they exhibit unique features in term of transport properties (electric and thermal conductivity), linear and nonlinear optical response and capability to interact with organic and live matter, to constitute hetero-and-hybrid-structures for advanced robotics applications.
The scenario of 2D materials is nowadays vast and in tumultuous development, going far beyond graphene, the first realized and the most studied among these materials since its first isolation on an insulating surface1, to comprise other classes of crystals such as Transition Metal Dichalcogenides (TMDs) that exhibit a semiconductor behavior2.
Amongst various techniques to obtain 2D nanoflakes from the initial bulk crystal, liquid exfoliation lends itself as the largest scale production techniques and, when carried on appropriate protocols, one of the most biocompatible, being the nanoflakes contained in water-based solutions. Liquid phase exfoliation relies on a number of steps, such as sonication and centrifugation3 that intrinsically depend on gravity and on the specific value of gravity acceleration. Besides that, the stability of the produced nanoflakes in solution and their shape also depend on the gravity acceleration value, together with their capability to interact with live matter as cells, bacteria and viruses, a feature recently investigated in the presence of gravity4 with highly promising applications to chemotherapy5 and medical sciencesin general6-9.
Mission Objectives
The objective of the mission is to investigate the role of gravity in interactions of 2D nanoflakes ofgraphene or graphene oxide or MoS2, the most spread out material among TMDs,with the basic constituents of live matter such as human cells, bacteria, viruses. Thus, we intend to study the effect of gravity absence in the interactions with live matter of different types of 2D nanomaterials, as graphene is essentially a hydrophobic semimetal, graphene oxide a strongly hydrophilic conductor, whereas MoS2 a pretty much hydrophobic semiconductor. Their characteristic of transporting or not electricity so as their solubility in water are certainly important in the interaction with live matter, which is naturally placed in a water-based environment.
During the mission lifetime, we expect that 2D nanoflakes, contained in proper concentration in prepared water-based solution together with cells or bacteria or viruses, will interact with live matter less, more or as much as than in an ordinary lab in the presence of gravity, and possibly in a different mechanistic way. Therefore, the duration of the mission should range in the typical time window useful to investigate the impact of this novel material on cell /bacteria/ viruses growth and proliferation. This time window is usually comprised between 6/12 hours and 72/96 hours.
Experiment Description
The experiment will consist in keeping in the satellite well sealed samples in liquid phase, containing on the one hand graphene or graphene oxide or MoS2nanoflakes and, on the other hand, human cells of various types or Escherichia coli bacteria or Herpes Simplex viruses. It will be needed to provide a thermal isolated box so to maintain samples at 37° C. Temperature and humidity sensors in connection to a microprocessor chip, will monitor the ambient conditions during the mission.
Here below the proposed cases are listed. It is worth noting that, while we will pick a single model case for bacteria and viruses, we propose three different human cell types: HaCat (normal epithelium and growing in adhesion), MCF7 (breast cancer and growing in adhesion) and U937 (leukaemia and growing in suspension). This is because in the more interesting case of human cells, the interaction with graphene or graphene oxide or MoS2nanoflakes may depend both on the nature of the cell, whether normal or tumor4 and on the type of aggregation presented by the cell sample.Moreover, we propose also to study the stability of MoS2nanoflakes in water-based solution with no gravity. This is the reason to add in the below list a sample with no live matter. The reason of this further case is that stability of nanoflakes in solutions is a serious issue in nanomaterial science, especially when this stability is required in water-based solutions on the several days timescale. Then, in the presence of gravity nanoflakes tend to precipitate on the bottom of the solution, what compromise the integrity of the sample.

1. MCF7 breastcancercells
2. Graphene- MCF7 breast cancer cells adhesion
3. Graphene oxide - MCF7 breast cancer cells adhesion
4. MoS2- MCF7 breast cancer cells adhesion

5. U937Leukaemia cells
6. Graphene - U937 leukaemiasuspension
7. Grapheneoxide- U937 leukaemiasuspension
8. MoS2- U937 leukaemiasuspension

9. HaCatcellsnormalepithelium
10. Graphene -HaCatnormalepitheliumadhesion
11. Graphene oxide - HaCat normal epithelium adhesion
12. MoS2- HaCatnormalepitheliumadhesion

13. Escherichia coli 
14. Graphene - Escherichia coli 
15. Grapheneoxide- Escherichia coli 
16. MoS2- Escherichia coli 

17. Herpes Simplex
18. Graphene- Herpes Simplex
19. Grapheneoxide – Herpes Simplex
20. MoS2- Herpes Simplex

21. MoS2in solution

Meanwhile samples are kept in the satellite for the planned duration, corresponding reference samples of each case will be kept in the lab, so to make a comparison of the nanoflakes-live-matter interaction in the two environments.
Proposed Method
The scientific method used in this experiment is the comparison of the nanoflakes-live-matter interaction of different durations in the range of hours/days with and without gravity. These interactions will be analyzed in the lab immediately after the satellite return.
Scientific/Technological Aspects
A specific technological aspect to be outlined concerns the environment required by the provided samples. As the samples will be sealed, each one in its own cuvette, no particulardemand is made on the environment pressure and atmosphere in the satellite, but the environment temperature can certainly be an issue. In fact live matter, namely live cells, bacteria and viruses, need to be maintained at about 37° C.
Another fundamental aspect to stress is represented by the collection time duration for samples coming from the satellite. Recovery of the samples back to the Earth, indeed, cannot be long, not to contaminate the zero-gravity case with the corresponding lab case.
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