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Further Aspects for the Foundation of A Conceptual Framework for Systems Life Science Under Space Conditions
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Introduction Levels Topical issues Methodology

Cool atmospheric plasma
produces reactive oxygen, free
radicals, etc. , alike phagocytes

tether

elemenM

Ontologies Applicability

A high impetus for the elaboration of a Environment
conceptual framework for integrative

. O, & phenols (toxic?) A central method for setting up a conceptual Gene Ontology master reference for buoyancy
d produced by algae* framework is basically the elaboration of an

. . . (GO) genomics, gene expression
life science research. under space Whole body body calcium values: ~ integrated set of fundamental terms [core and genetic sequence data onpaired
conditions is clearly noticeable. 30 mol (1200 ) concepts]. The approach of Andrew McCulloch : .
. 9) ttextoooi . . . Agricultural agricultural research, o
A S0P of Space-experiencec It ffects ? (3) for human physiology with six levels for Gene Ontology specifically plant genomics dimentati : I
investigators forwarded explicitly a gravity/oxygen eftects : multi-level integration [from the gene to the | i bF;,in rele)\//:nt fo? ' o §_ 3
request to the scientific community for Organ hydroxyapatite (HA): whole human body level] is extended here by (AgrGO) r Vigtr .. oh (A) ®) (up to 80) == o -
such a conceptual framework (1). The EU ~ 3 kg in bones two additional levels. -> algaeBASE ITAVIOPISM TESEart :
funded THESEUS project (Towards Tissue regional bone loss up to For human physiology research in the context Environ- newly developed for the Fig. 3: The osteocyte as system of interest,  Fig. 4: Free radicals - an example of a simple
Human Exploration of Space: a 25% (outlier) of space exploitation, a further level beyond mental environment research scales (nm, pN) & microenvironments atomistic level representation (oxygen case)
EUropean Strategy, http.//www.theseus- the whole human body level is required, Ontology community, linking (A) Thought model of Stephen C. Cowin (1998), Starting with the characterization of the electron

Cell Cells need oxygen to

eu.org/home.html) favors integrated e - namely an environment level. (ENVO) environments and humans calculating a reaction value of 0.1 pN, denying the  configuration of oxygen as 1s2 2s2 2p4, modeling the
hvsiolo produce HA, diffusion ? “urth the divisi £ th | | self-weight hypothesis (B) simplyfied sketch unpaired electron in the valence orbital (atomic/
phy g.y' L tochondri q ur grmore, € diision o € mo ecu &.N‘ . adopted from the work of Weinstein, Schaffler, molecular, electron/ion velocity/density) as reactive and
Further high priority issues [beyond the Subcell. unit mitochondria produce evel into a molecular and an atomic level is Biomed The Ricordo Ontology group Cowin et al., with reaction values of 1-10 pN explaining the damaging of the bacteria
ones in (2)] of a possible conceptual =5 § ROS (electron leaks) oroposed and illustrated by an example, Ontology is cooperating with the VPH Capzule/membra”er channels, and DNA [explanation
& “"‘"‘*‘1" L?J . ] . . . . . ~ mode
framework should be Mol entit 2 % mitochondria DNA namely electron configurations of free radicals. (Ricordo) consortium (virtual Conclusions |
d modeling and model merging ol ety ﬁ§ S (damage & survival) physiological human) . . e
‘e Al x Conceptual frameworks shall unify fundamental understanding. The clarification
-l meta-analysis alignment” and e . : : Table 2: Selected relevant ontologies (inter- of the relationships between the system of interest and the system environment
1 domain ontology extension. Atoms free radicals interacting Results and Discussion discipli d - d fund | , , , ,
Isciplinary domains and fundamentals)
: L (micro-environment) is such a fundamental issue.
The Investigations of countermeasure A further fund el < the relationshin bet hbothesic-dr d
: : : : : I I Nndamen I I I IoNsni ween IS-ariven u
(CM) combinations are an appropriate  Fijg. 1. System levels (environment to atom) The proposed core set of elements for the Each term in an ontology depicts a 4 tu d'e unda ehz ssude IS de eta Obs pd he etf\ ypPothes Sbl ‘o ref
: : = - : - IS M N retin
problem area to deliver material for an requested  conceptual  framework  are concept. Each relevant concept should be ada r'(\j/,e? researc X mo”i ar:j tsys cm afs.ed. yPO js.s dy enhable 1o retine
L . Co . . S . -proven findin nd vice versa.
application scenario. The highlighted cosed Environmeot Mose exemplified with application cases: the world modeled  (structure, process, system Zn .pr.T 'f[ a ijearcb stpace 9rﬂ'ah?c prode dgbs d ‘ ‘Cfe ersa | t
: : : . . - I ren Xperimen
CMs (blue) below enable to choose a R ——— S —— - of picoNewtons (pN) in the micro- environment) and placed into the Sllrglarwll IQ eX DE Wbelen. I[c]h 'g tant ?crfo u’?h das © .ee chce experiments
. . . . [ | 5 - | . rther di lons.
scenario with an intertwined factor . | : environment of osteocytes and the role of conceptual framework. would surely be reasonable In the context or Turther aiscussions
assembly with force/pressure (derived § | unpaired electrons (free radicals) for microbial Bone cell investigations with a Rotating  References
from gravity) and oxygen for bone loss. N ; 11k | control. The applications cases here are Wall Vessel for example delivered genetic ® goswami N et 2. (2015 ayavimizing information from space data resources. A case for expanding ntegration across research discilines
h?)le/eeVZI)‘ Szl;icgi allglléf/ag{nsie]:a-lgi;?le,;isn(zs presenteq, m\ _____________________________________________ / \IJ _____ ‘ m\nwj interlinked with a recurrent theme: the role of data ShOV\”ng. d .Secondary Slgnature Wlth (2) Duwe et al, (2013): System Life Science under Space Conditions. Some Thoughts on Conceptual Frameworks, the Unified Modeling
4 S — P ———— P —— = oxygen, reactive species, and antioxidants. regard to antioxidant genes (6), espeC|aIIy Language and Model Standardisation, 19th IAA Humans in Space Congress, Cologne
adv.am.:ed re.sistive ex.ercise (ARE) ; ] - A ﬁrSt in—depth InS|ght intO the knowledge interesting being here the upregu|ation Of (3) Hunter PJ et al. (2006): Multiscale modeling: Physiome project standards, tools, and databases. IEEE Computer, 39:48-54
antioxidant intervention (polyphenols, lycopene, etc.) § : 3 [ - Tmm d . f |f . d t h ndr‘ | r d d mut 2 [2 6 (4) Kaderka J et al., (2010): A critical benefit analysis of artificial gravity as a microgravity countermeasure, Acta Astronautica, 67, 9-10, pp 1090-
artificial gravity based countermeasures (AG-CM) E, ; [ = :_5: Y *"'“If“'j—' omains o SyStemS ITe ScCience under space MItocho lal SUperox 15 . utase ) 1102 [meta-analysis of AG as countermeasure]
bicly.cle ergorrlleter etxet.rcise g % 4 iﬁi ! ‘ wiﬂlmm | Conditions iS triggering the need Of a Mmore f0|d] Due to the Ove.rWhelmlng .data and (5) Czupalla M, (2011): The Virtual Habitat — Integral Modeling and Dynamic Simulation of Life Support Systems., Ph.D. Thesis, Technische
Ca Clum supplementation i \ I i o w | i rigorous terminology Stratification Of the the focus Of the |nveSt|gatorS On ||poca||n 2 Universitat Minchen, ISBN 978-3843903059
istive exercise + bisDNOSDRONates I . Yl (6) Capulli M et al. (2009): Global Transcriptome Analysis in Mouse Calvarial Osteoblasts Highlights Sets of Genes Regulated by Modeled
reSITVE S PPRoEP countermeasure terms via OﬂtOlOgy [85 f0|d] these data were not eXphCItely Microgravity and Identifies A “Mechanoresponsive Osteoblast Gene Signature”, Journal of Cellular Biochemistry, 107:240-252

Table 1: Term extract ,countermeasures” Fig 2: Virtual Habitat Modeling of the TU Munich (5)  extensions. interpreted in the original publication.
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