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“..genomics, transcriptomics, proteomics, and metabolomics offer an
immense opportunity to understand the effects of spaceflight on biological
systems...”

“..Such techniques generate considerable amounts of data that can be
mined and analyzed for information by multiple researchers...”
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GenelLab Data Democratization
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Phased Implementation

Oct 1, 2019
Visualization Portal

GLDS 4.0 Rel
Oct1,2018 clease

April 23", 2018 AWG GLDS 3.0 + ASGSR

workshop October 2019 Onward
Genelab Data
Oct 1, 2017 Generation, Maintenance
Oct 1, 2015 GLDS 2.0 Release and processing

GLDS 1.0 Release June 2018 Summer

interns
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From GLDS 2.0 to GLDS 4.0
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Overview: Database content

STUDY TYPE ORGANISM
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69 Ground Data Sets: Radiation

and simulated microgravity

B i
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GenelLab Analysis Working Groups:

Letting the scientific community take the

lead
> vy == | Total AWG Members: 114

...... 5 "% i | AWG Members Per Group:
"""" .« | Animal 47
B 7 L S Multi-Omics/System Biology 33
B s Plants 24
Microbes 21

AWG Members represent:
= S @ 48 US Universities *Some members are in multiple groups
9 2NnASACenters

e @ 4 Other Government-funded Organizations
| 3 Institutes or Private Industry

@ 3 International Universities

Map created W|th ttgs [[www zeemaps.com/

Annual Workshop (f&’pril 2018)

*  Monthly meetings + “Homework” all higher order data.
* Deliverables:
* Consensus pipelines for primary analysis of data (Microarray, RNASeq, Bisulfite sequencing,
Proteomics, 16S metagenomics, Whole genome metagenomics)
* Recommendations for visualization of data



#’3 Publications using GenelLab

Validation of Methods to Assess the
Immunoglobulin Gene Repertoire in Tissues Gravit Space Rettig TA, Ward C, Pecaut MJ,

2ol Obtained from Mice on the International Res. Chapes SK Rublished
Space Station.
A microRNA signature and TGF-31 response Beheshti A, Ray S, Fogle H, Published

2018 were identified as the key master regulators PLoS One

for spaceflight response

NASA GenelLab Project: Bridging Space

Radiation Omics with Ground Studies Radiation

Project: Bridging Space Radiation Omics Research

with Ground Studies

Global transcriptomic analysis suggests

2018 carbon dioxide as an environmental stressor
in spaceflight: A GenelLab case study

Berrios D, Costes SV

Beheshti A, Miller J, Kidane Y,
Berrios D, Gebre SG, Costes Published
SV

2018

Scientific Beheshti A, Cekanaviciute E,

Reports Smith DJ, Costes SV Eublished

Nicholson

S Ray, S Gebre, H Fogle, D

Cieife slel OIS EIElREs o Spreailig: Bioinformatics Berrios, PB Tran , JM Galazka, Published

2018

experiments SV Costes
Exploring the Effects of Spaceflight on A Beheshti, Y Shirazi-Fard, S
2018 Mouse Physiology using the Open Access JoVE Choi, D Berrios, SG Gebre, JM  In Press

NASA GenelLab Platform Galazka, SV Costes



Cage Effects with rodent
experiments: Carbon Dioxide as
an Environmental Stressor in
Spaceflight

Beheshti A, Cekanaviciute E, Smith DJ, Costes SV. Global transcriptomic analysis
suggests carbon dioxide as an environmental stressor in spaceflight: A systems
biology Genelab case study. Sci Rep. 2018;8(1):4191. doi: 10.1038/s41598-018-
22613-1. PubMed PMID: 29520055; PMCID: PMC5843582.



Carbon Dioxide as an

Environmental Stressor in

A) Cage Types

Sample vivarium cage

Animal Enclosure Module (AEM)

B)

Extensor digitorum longus
muscle (BF)

skeletal muscle Liver (STS-135)

GLDS-21 |STS-108| mouse |~3000 11.8 :
(gastrocnemius)

Soleus muscle (BF)

\ Skeletal muscle
= ~| (Gast i
GLDS-111 BF mouse 600 30 soleus muscle m::c::ﬂ::s'ﬂsas)
GLDS-111| BF | mouse | ~600 | 30 eXissOr

digitorum
GLDS-25 |STS-135| mouse | ~3000 13 liver
GLDs63 |sTs70| rat 73990 9 |mammary gland Mammary glands (STS-70) J

(est) —
Beheshti, et al., Scientific Reports, 2018




PCA Plots Suggest Strong

Cage Effect

3000 ppm 3000 ppm
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AEM = Animal Enclosure Modules (now referred to as Rodent Habitats)
Vivarium = normal ground based rodent cages

Beheshti, et al., Scientific Reports, 2018
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Differential Gene Expression:

Cage or CO2 Effect?

A) Venn Diagram of all significant genes
GLDS-25: STS-135 Liver (418)

e

GLDS-63: STS-70

Mammary . :
Gland o 0
(348) w2 SN GLDS-21: STS-108
t e Skeletal Muscle
0 (1303)

P |
= 7 2

GLDS-111: Bion

Extensor Digitorum GLDS-111: Bion

Longus (66) Soleus Muscle
(100)

An increase in aldosterone is associated with metabolic syndrome, which is characterized by
chronic inflammation; aldosterone secretion can be triggered by hypoxia.

Beheshti, et al., Scientific Reports, 2018 »



AWG Members

Kathleen Fisch in Ronthal Deanne Taylor Hossein Fazelinia Komal Rathi

e UNIVERSITY of CALIFORNIA, SAN DIEGO Children's Hospital Perelman
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AWG Members

Chris Mason

Sara Zwart Afshin Beheshti Sylvain Costes
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Katie Fisch:
Transcriptomics
Chris Mason:
Transcriptomics &
Epigenetics
Deanne Taylor:
Transcriptomics,
Proteomics, & Epigenetics

Katie Fisch:
Transcriptomics
(RR1 only)
Chris Mason:
Transcriptomics & ~— |
Epigenetics
Deanne Taylor:
Transcriptomics,
Proteomics, & Epigenetics

Gastrocnemius Muscle

y onISS

1

O

N

Rodents flown on STS
and Sacrificed after

Re-entry

Skeletal Muscle
GLDS21: STS108” £yioncor

Mammary Gland (Rat)

GLDS63: STS70
—a

Thymus
GLDS4: STS118

Rodents Sacrificed 1

Specific Datasets and Tissues

AWG Members Analyzed

Soleus Muscle

Helio Costa:
GLDS104: RR1

Transcriptomics

Extensor Digitorum

Longus Muscle = = — e : :“:,,. -
GLDS99: RR1 “International Space

GLDS101: RR1

Willian da Silveira/Gary Hardiman:

Sl L Transcriptomics (RR1)
Kidney: Sucharita Dutta:

GLDS161: RR3 '
GLDS102: RR1 Proteomics (RR1)

Liver: Willian da Silveira/Gary Hardiman:

GLDS137: RR3

Transcriptomics (RR3)
GLDS48: RR1

Sucharita Dutta:
Proteomics (RR3)

40 50 60 70
Time in Space
for Rodents
(days)

Soleus
Muscle
GLDS111:
Bion

Digitorum
Longus
Muscle

GLDS111:
Bion

« Additional Datasets
that are being

analyzed:
— Human datasets

« GLDS-54,
GLDS-174,
GLDS-86,
GLDS-118,
GLDS-53,
GLDS-54,
GLDS-13.
GLDS-52, or
GLDS-114
(Tyson
McDonald
and Yared
Kidane)




Human Dataset Analyses

Cell/Tissue type N Platform
13 Primary T Cells 3 Affymetrix Microarray
52 HUVEC Cells 3 Agilent Microarray
54 HMVEC-dBL Cells 2 Affymetrix Microarray
174 Human Hair Follicles 10 Agilent Microarray
114 AG1522 Fibroblasts 4 Agilent Microarray
118 Fibroblasts 4 Illumina Microarray
Ch.emo!dne ; Complement
Signaling Activation
. Cascade
Pan-GLDS Pathway Analysis:
GSEA Enrichment Map v
Neu_rope.ptlde ; Plasma
Signaling Membrane
Adhesion
O
Potassium
Channel i
Complex Blood

Circulation

54675
33297
45015
44495
43457
31426

22750545
23913861
25102863
27029003
28248986
26917741

ull Cross-Comparison:

GSEA Pathway Analysis




Lipid Accumulation in the Liver

Level 7: The Body

Level 6: Organs
P
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Level 5: Tissues

Lipid Accumulation in the Liver

And lon Diffusion

Level 1:
Monomeric Units

Lipid metabolism

Inflammation

Legend

= HDL endoeylosis

| R

A HEPATOCYTE

HDL metabolism-cholesteral homeost asis

#my Apo A-Lor ATP syntbase antibodies or inhibitors | gy Apo A<l or ATF synthase an
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5 ares
< the pathwa,

B

TAG intracellular accumulation

Level 1:
Monomeric Units

Mitochondria — All Cells

. ] Willian
Mitochondrial 4a siiveira

—  Stress
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o v el T g -
u* Gary

Hardiman

@ | GenelLab

Level 4: . ¥
The Cell and its Organelles B

STAGE 1: ELECTRON TRANSPORT STAGE 2: PROTON GRADIENT IS
DRIVES PUMP THAT PUMPS HARNESSED BY ATF SYNTHASE
PROTONS ACRCSS MEMBRANE TOMAKE ATP

Taurino & Gnoni. Exp Mol Pathol. 2018. 3
Tilg et al. Nat Rev Gastroenterol Hepatol. 2017.



Level 7: The Body
Level 6: Organs

T

Diabetes

Liver at the Center of Metabolic Disorders

Complications

Level 4:
The Cell and its
Organelles

PO T

matri

S B BT TR

£ R T g gl et gy, b

GLAUCOMA

Degenerative retinal damage
Cataractogenesis EYE

Ischemic
Bowel
Endotoxin Liver
Injury

| VESSEL
Vasospasm
Atherosclerosis

Radiation M ORGAN
Aging o B
Cancer
Inflammatory-immune
Injury ischemia-reflow
Diabetes

Oxidative Stress

Renal graft
Glomeruloneph

Trauma

Stroke

Neurotoxins
Parkinson’s Disease
Alzheimer’s Disease

Non-Alcoholic Fatty Liver Disease
Complications

pol o Psalis / Liver-related
s Complications
syndrome

Chronic Kidney Malignancies
Disease ,

Cardiac

Abnormalities NAFLD/NASH

Osteoporosis
Arrhythmias - R

Cardiovascular i/
Disease Sleep Apnea

Abdominal
Obasity

Burn
Dermatitis
Psoriasis

Angiloplasty,

HEART | Keshan disease

Willian
(selenium deficiency) . .
da Silveira

Rheumatoid
Arthritis

Asthma
ARDS

Hyperoxia '

Gary
Hardiman

Schmidt & Goodwin, Metabolomics (2013).
Ballestri et al. World J Gastroenterol. 2014.



RR1 and RR3 Mice

RR1: C57BL/6

mice strain RR3: BAL'_-D’/ c
(female) mice strain
(female)

A
),
o X
. A e

Diabetes Type 2 induced

by High Fat Diet Model: ) tTOrI‘(fﬂ')rS;“ntl‘Q)e Response (more

e

* Th1 Immune Response (more

: » More susceptible to liver steatosis
inflammatory),

. . . « Radiosensitive
» More susceptible to adiposity, ! Y
liver inflammation, and liver

fibrosis



RR1 -
C57BL/6

AR

RR1 and

Exposition time: = 40 days

RR1
Space Flight n==6
Ground Controln =6

RR3
Space Flight n=06
Basal Control* n=6
Ground Control n =

6

RR3 Experimental Detail

Level 5:
Tissues

| GenoLab_
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RR1 Liver (C57BL/6)
181 DE genes adj.P < 0.05
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RR1 and RR3:

Liver Transcriptomics

riance

PC2: 17% val

RR3 Liver (BALB/c)
0 DE genes adj.P < 0.05

group
GroundCHl

@ SpacaFlight

PC1: 52% vanian ce

Willian
da Silveira

T
Gary
Hardiman

Rosenthal

Kathleen
Fisch
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RR3 (BALB/c)

System Level Analysis

Enrichment plot: GO_POLYOL_CATABOLIC_PROCESS Enrichment plot: Enrichment plot:
L GO_REGULATION_OF_CHROMATIN_SILENCING GO_FOLIC_ACID_CONTAINING_COMPOUND_METAEBOLI
= o C_PROCESS
Eoa Eas 3
H 01 E 02 E’ 33
:E;:z = T4 E:z Tore wewrs o T4k ;::; e T
;:__ o 2500 5000 pm;:..‘.:’;m;_ﬁ:;::gﬂ 12,500 1500 E o 2500 5000 pm;:..‘.:’;m;_ﬁ:;::gﬂ 12,500 1500 E o 250 5000 pm;:..‘.:’;m;_ﬁ:;::gﬂ 12,500 1800
Envichment profile — Hits Ranking metric Scores Envichment profile — Hits Ranking metric Scores Envichment profile — Hits Ranking metric Scores
GSEA - G.O Biological Process: \,i
NAME NOM p-val |FDR g-val
GO_POLYOL CATABOLIC_PROCESS 0.002 0.21 Related to eye
GO_FOLIC_ACID_CONTAINING_COMPOUND_METABOLIC_PROCESS 0.002 0.20 damage and cataract Willian
GO_PTERIDINE_CONTAINING_COMPOUND_METABOLIC_PROCESS <0.001 0.21 Risk in Diabetes da Silveira
GO_RESPONSE_TO_LEAD_ION <0.002 0.23 Type Il
GO_REGULATION_OF_CHROMATIN_SILENCING <0.003 0.22

Gary
Hardiman

25



RR3 (BALB/c)

System Level Anal

Enrichment plot: |
b ) ) The Jou'rnal of Nut'rwllon r IND_METABOLI
0 Biochemical, Molecular, and Genetic Mechanisms
B ‘

Enrichment score (ES)

. Vision Changes after Spaceflight Are Related
to Alterations in Folate- and Vitamin ~
B-12-Dependent One-Carbon Metabolism?-? J-

£ Sara R. Zwart,> C. Robert Gibson,* Thomas H. Mader,® Karen Ericson,® Robert Ploutz-Snyder,*
F . 7 .
g o Martina Heer,” and Scott M. Smith®*
T o2s
E
% 0% - . . . P L
o o Division of Space Life Sciences, Universities Space Research Association, Houston, TX; *Wyle Science, Technology and Engineering dgabraly wamsabd]
H S e Group, Houston, TX, and Coastal Eye Associates, Webster, TX; *Alaska Native Medical Center, Anchorage, AK; “Department of T
= Chemistry, Indiana University-Purdue University Fort Wayne, Fort Wayne, IN; "University of Bonn, Bonn, Germany, and Profil Institute
Enicheners for Metabolic Research GmbH, Neuss, Germany; and *Human Adaptation and Countermeasures Division, Space Life Sciences Ui SC0MS

Directorate, National Aeronautics and Space Administration Johnson Space Center, Houston, TX

GSEA - G.O Biological Process:

,

NAME NOM p-val |FDR g-val

GO_POLYOL CATABOLIC_PROCESS 0.002 0.21 Related to eye
GO_FOLIC_ACID_CONTAINING_COMPOUND_METABOLIC_PROCESS 0.002 0.20 damage and cataract Willian
GO_PTERIDINE_CONTAINING_COMPOUND_METABOLIC_PROCESS <0.001 0.21 Risk in Diabetes da Silveira
GO_RESPONSE_TO_LEAD_ION <0.002 0.23 Type |l
GO_REGULATION_OF_CHROMATIN_SILENCING <0.003 0.22

Gary
Hardiman
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RR1 Differentially Expressed

Genes :
Space Flight vs Ground Control

B spacellight Color Key
RR1 Kidney RR1 Adrenal B ground costrol o T
Spaceflight - Ground_control . 5 I I |

RR1 Liver gpowz-score
spaceFlight - groundCentrol

Spaceflight - Ground_control
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RR1 Shared DE Genes

Cbx7 Amtl Cdkn1a Gale Per3 Nfil3 Npas2  Toppgene
Pnkd Loxi4 Bhlihe41 Dbp Leo1 Circadian Rhythm

TF activit
. DNA binding
Stress induced premature senescence

leer Kld ney Response to redox state

GSEA ‘
Zinc Transporters (Reactome)
Apaptosis by TGIB1 via MAPK1...

Alpha Linolenic Acid Metabolism (KEGG)
PARK2_Hepatocyte Proliferation...
LGI1_Targets_Up

Amplification hot spot...

FGFR ligand binding... (Reactome)
Response to 1GFB1...

Breast Cancer..

Apuplosis by CDKN1A nol viaTP53...
FGFR signaling .

Systemic lupus erythematosus...

GSEA

Core Duplicon Genes
Signal Attenuation (Reactome)
Post Chaperonin Tubulin (Reactome)

>
Rbm3 -- downregulated
. .I 7 J,F‘ RBMS3 is cald-induced RNA binding protein and is
b 4 involved in mRNA biogenesis exerts anti-
/ apopiotic effects.™ Expression of this gene is induced by
Ve cold shock and low oxygen tension. RBM3 i a proto-

- - oncogene that is associated with tumaor progression and
X ~— - oncogeng prog|
DOW“rEgUlatEd ina I I B metastasis andisa pobential cancer hiamarker ! Based on

iti Adrenal iP<5 tient survival data, high levels of RBM3 pratein in t ' i
three Condltlons d e a_adj z:llseizasyar::fmhle pr(;ggm:vﬁ::sbiomarker?ncolgnl'-.‘r::t.:mor ROSBerlI'Ir;ha|

Tef ancer®
Txnip @

Kathleen
Fisch 28




RR1 (C57BL/6)

All Tissues Network Analysis

QO DE in liver Cluster 1 Cluster 2

() DE in kidney Cluster 0
Metaboljc pathways
i , Sic22426
. DE in all muscle blm\m 5‘9\

o
mm downregulated

== ypregulated

"
ap<uz _Acigh PR
Fo> Q3 zyun Gale

M
E'ﬁ Rht

-’.7&.
Atp2b2 pe i ! e Q
o Clant/ Lané% .
Q’{'\mstnb ‘139 ™

Cluster 8 g0, -
Muscle contraction

Apln™
n
A
a
(o S
coza ;
s ,__.-‘7' /
Socs Roar :
Bid Irs )E;\/ ) iy
QQB
[
Cluster 7 Adipeq

Cluster 4

Cytokine interactions/ Adaptive immune system

Chemakine signaling

i!‘!
4 f’%luster 5

5 @ /
o MEW
Cluster 6 Bas "% Nehblges | o8

Circadian rhythm

Metabolic pathways/Lipid

Common to all three tissues metabolism

Brin
Rosenthal
-

[

Kathleen
Fisch
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RR3 - EYE (BALB/c):

Up-regulated: Functional Annotation
Clustering

. Most up-regulated Gene:
Gene: Defb7 (ENSMUSG00000037790.3)
Role: Beta-defensin 7 has bactericidal activity and is
involved in defense response to bacteria
Log, fold-change: 22
Adjusted p-value: 2.94e-7

tM_BP_FAT fatty acid metabolic process RT — il 1.9E-10 2.1E-7
t_KEYWORDS lioid imetatiolisrn RT — 15 2.0E-10 1.7E-8
t_KEYWORDS fatty acid metabolism RT — 10 1.6E-8 7.9E-7
PATHWAY PPAR signaling_pathway RT — 12 2.9E-8 2.5E-6
{ Count | P_Value

IM_CC_FAT o RT — 17 6.4E-14 B.9E-12
IM_CC_FAT e RT — 17 6.4E-14 8.9E-12
t_KEYWORDS AT RT — 15 1.6E-12 4.2E-10
tM_CC_FAT microbody part RT = 8 5.6E-8
IM_CC_FAT peroxisomal part RT - 8 5.6E-8
tM_CC_FAT peroxisomal membrane RT - 6 1.1E-5
tM_CC_FAT microbody membrane RT [~ 6 1.1E-5
Q_FEATURE sﬁort sequence motif:Microbody targeting RT = 6 1.5E-4

signal
tM_BP_FAT peroxisome organization RT - 4 1.5E-3
tM_MF_FAT carboxylic acid binding RT — 11 5.5E-8
tM_MF_FAT vitamin binding RT - 10 1.2E-5
tM_MF_FAT amino acid binding RT = 5 5.7E-4
tM_MF_FAT amine binding RT - 6 7.3E-4 2.2E-2 Helio 30

Costa



RR3 - EYE (BALBIc) :

GSEA Analysis

Enrichment plot: GO_DETECTION_OF _LIGHT_STIMULUS Enrichment piot:
0.0 & 5 REACTOME_INSULIN_SYNTHESIS_AND_PROCESSING \
N : ;
02

Enrichmeant plot:
-0.3 REACTOME_ION_CHANNEL_TRANSPORT

Envichmest scace (E5)

Enrichment score (ES)

0.4 .
05 Willian
08 da Silveira
07

AL IRALI]

100

;i 0.75 ['Flight (pesitively comelated pli ’ P ——— n . — '
g 0.50 = Gary
@ g2 Enrichment plot: KEGG_FATTY_ACID_METABOLISM Hardiman
£ Zero cross at 8051 st T TR TR e T T s
E 0.00 E Rank in Ordared Datasat
B 025 Ennichment podle — HE Ranking metic scores
= 050 'Ground' (negatively comelated)
E o 2500 5000 7500 10000 12500 15000  17.500
= Rank in Ordered Dataset
| Enrichment profile — Hits Ranking metric scores NJ | | |
TR
NAME MOM p-val FDR g-val
GO_FOLIC_ACID CONTAINING COMPOUND METABOLIC PROCESS 0.003 0.01
GO _POLYOL METABOLIC PROCESS 0.014 0.17 =
GO _DETECTION_OF LIGHT STIMULUS <0.001 <0.001
REACTOME 10N _CHANMNEL TRANSPORT <0.001 0.01
REACTOME INSULIN SYNTHESIS AND PROCESSING 0.044 0.18
KEGG FATTY ACID METABOLISM <0.001 0.003 Helio 31

Costa



Analysis Relating Liver to the Eye

Diabetic Retinopath
Y https://www.eyedoctorophthalmologi

stnyc.com

Normal Eye Diabetic Retinopathy Molecular Biology of the Cell,
Garland Science; 5th edition. 2007.

e Willian
# da Silveira

T
Gary
Hardiman

Cone Cells - Eye

1st Amplification 2" Amplification 34 Amplification
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Overcoming Batch Effects:
RR3 - Liver: Proteomics

Data processing: PCA plot of normalized & ComBat treated data

Normalized to the proteins of the baseline samples (B)
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Component 1 (32.2%)

G1 and F3 seem to be outliers. | removed these two samples for the further analysis.
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T-test analysis with %5 FDR
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Significantly Expressed Protein

RR3 - Liver: Proteomics

Heat map of significantly changed proteins
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Protein Pathway Analysis

RR3 - Liver: Proteomics

Data processing: GO term analysis for significant proteins

# Molecular functions Min FOR [in Data| | # | Processes Min FDR |in Data| | # Localizations Min FOR | In Data
ARNA binding 1A471E09 26 _fkmal molecule metabolic process 1.496E-06 25 1feytoplasm 1491E-10] 63
| Zicatalytic activity 8.716E-08 42 romatic compound catabolic process 1.496E-06] 13 2Zicytoplasmic part 1.799E-08] 52
heterocyclic compound binding 1472E09 38 Joeptide metabolic process 8.2356-06| 14 | | 3macromolecular complex 1.349E07) 37
AATP binding 1472E-04 18 Auronic acid metabolic process 8.568E-06] 5 4inner mitochondrial membrane protein complex |  2.003E-07] 8
Semall molecule binding 14726094 24 HSalucuronate metabolic process 8.568E-06] 5 Sjintracellular organelle part 2.489E-07| 48
Sprganic cyclic compound binding 1478E-04 38 ellular amide metabolic process 1.024E-05) 15 Blorganelle part 5.429E-07) 48
Tladenyl ribonuclectide binding 1.478E-08 18 Tprotein targeting 1.075E-05 10 Timitochondrial protein complex 5.420E-07) B
8adenyl nucleotide binding 1478E-04 18 Horaanic acid metabolic process 1.075E-05 17 8Blribonucleoprotein complex 5429E-07] 15
Spurine ribonucleoside triphosphate binding | 3.4016-094 19 Gcarboxylic acid metabolic process 1.075E-05 16 Slintracellular ribonucleaprotein complex 3.692E-06] 14
| 10@nion binding 3.742E-094 24 10prganic cyclic compound catabolic process 1.075E-05 12 10mitochondrial part 4.006E-0f 15
11jpurine ribonucleotide binding 3.742E-04 19 1ifcellular aming acid metabolic process 1.681E-05 10 11jintracellular part 4.006E-0f 63
1A TPase activity 3.742E209 10 12cellular catabolic process 1.752E-05 21 12mitochondrial membrane part 4.006E-0! 8
13purine nucleotide binding 3742609 19 | | 13ranslation u?@ 11 13mitochondrial inner membrane 4.038E-06) 11
14fribonucleotide binding 3.742E-094 19 14ysosomal membrane organization 2.708E-08 3 14jorganelle inner membrane 1.103E-0. 11
18ATPase activity, coupled 4245604 9 15ourine ribonucleoside triphosphate metabolic process |2.709e-05 9 15jint ular 1,3@ 63
|_16jcarbohydrate derivative binding 9.412E-09 20 16oxoacid metabolic process 2.709E-05 16 16jmitochendrial membrane 1.7256-08 12
17jnuclectide binding 9.412E-04 20 17imetabolic process 2713605 53 17prganelle envelope 2.340E-05 15
18nucleoside phosphate binding 9.412E-04 20 18 ibonucleoside triphosphate metabolic process 2.787E-05] @ envelope 2.340E-05] 15
13\\0nocarboxvlic acid binding 9.412E09 5 19%urine nucleoside triphosphate metabolic process 2.787E-05 @ mitochondrial envelope 2492E-05 12
20Kceramide-translocating ATPase activity 1.267E~j 2 ﬁ;e\llnar metabolic process 2.904E-05 50 20imyelin sheath uszsaj 7
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Protein Pathway Analysis

RR3 - Liver: Proteomics

Data processing: GO term analysis for significant proteins

# Molecular functions Min FOR ]In Datal | Processes Min FOR |in Data| | # Localizations Min FDR | In Data
JRNA binding 1471 Eﬂin_ _js_mal molecule metabolic process 1.496E-06] 25 eytoplasm 1.491E-10] 63
2Zlcatalytic activity 8.716E-08 42 romatic compound catabolic process 1.496E-06 13 2lcytoplasmic part 1.799E-08] 52

| 3heterocyclic compound binding 1472E-09 38 Joeptide metabolic process 8.235E-06] 14 Jmacromolecular complex 1.349E-07| 37
AATP binding 1.472E-094 18 Auronic acid metabolic process 8.568E-06] 5 | dlinner mitochondrial membrane protein complex] 2.003-07] 8
Semall molecule binding 14726094 24 HSalucuronate metabolic process 8.568E-06] 5 Plintracellular organelle par 2.489E-07| 48
Borganic cyclic compound binding 1478E-09 38 ||| |6cellular amide metabolic process 1.024E.05_15 Blorganelle part 5420E07) 48
Tladenyl ribonuclectide binding 1.478E04 18 Thorotein targeting 1.075E-058 10 [Timitochondrial protein complex 5.420E07] 8
Sadenyl nucleotide binding 1478E-04 18 Horaanic acid metabolic process 1.075E-05 17 _&Iboﬂucleoulolem complex 5429E-07] 15 |
purine ribonucleoside triphosphate binding | 3.401E-04 18 Searboxylic acid metabolic process 1.075E-05 16 Slintracellular ribonucleaprotein complex 3.692E-06] 14

| 10@nion binding 3.742E-04 24 10rganic cyclic compound catabolic process 1.075E-05 12 10imitochondrial part 4.006E-0 15

11lpurine ribonucleotide binding 3.742E-09 19 1lfcellular amino acid metabolic process 1.681E-05 10 1jintracellular part 4.006E-06 63

12}ATPase activity 3.742E-09 10 12cellular catabolic process 1.752E-05 21 12jmitechendrial membrane part 4.006E-0! 8

13fpurine nucleotide binding 3.742e-09 19 | | 13ranslation ma 11 13imitochondrial inner membrane 4.038E-06] 11

14fribonucleotide binding 3.742E-09 19 14)ysosomal membrane organization 2.708E-08 3 14prganelle inner membrane 1.103E-0 11

15ATPase activity, coupled 4.245E08 9 15purine ribonucleoside triphosphate metabolic process |2.709E-05 9 15jintracellular 173@ 63

| 16carbohvdrate derivative binding 9.412E-09 20 18pxoacid metabolic process 2.709E-05 16 16jmitochendrial membrane 1.7256-08 12

17jnuclectide binding 9.412E-08 20 17jmetabolic process 2713608 53 17porganelle envelope 2.340E-05 15

18inucleoside phosphate binding 9.412E-04 20 18 ibonucleoside triphosphate metabolic process 2.787E-05] @ 18envelope 2.340E-05] 15

1ﬁnonoca boxylic acid binding 9.412E09 5 19ourine nucleoside triphosphate metabolic process 2.787E-05 8 19mitochondrial envelope 2492E-05 12

20iceramide-translocating ATPase activity 1.267E-j 2 ﬁ;emnar metabolic process 2.904E-05 50 20Imyelin sheath uszmj 7

Related mitochondria functions are revealed from the initial proteomic analysis!!
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Protein Pathway Analysis

RR3 - Liver: Proteomics

Data processing: GO term analysis for significant proteins

# Molecular functions Min FOR [in Data] | MitOChOﬂdl’ia - A" Ce"S T T !
Hileehy sazicoq 26 ¢ | Timal motea electron at H™ ions (protons)

catalviic activity 8.716E-08 42 romaticcor  high energy
\eterocycelic compound binding 1472608 38 3beptide metz . i
IATP binding ~, | 1.472E-04 18 Auronic acid n

1
2
| 3
4
Semall molecule binding h?g;o‘ﬁ 24 HSalucuronate e ‘ el
Borganic cyclic compound binding u?sE-os\a;_ ellular amid \\ e . I i membrane . . :
7]
s
9

ladeny! ribonucleotide binding 1.478E-04 18 Lotein targe i it ;
[ e
bdenyl nucleotide binding 1478E-09 18 Horganiteg) . o

urine ribonucleoside triphosphate binding |3.401E-04 18 Qcarboxylic at e

| 10@nion binding 3.742E-09 24 10organic cycli
11jpurine ribonucleotide binding 3.742E-09 19 1dfcellular amin Shay
12}ATPase activit 742609 10 12cellular catal electron at i
13jpurine nucleotide binding 3.742E-00 o~ 1 Franslation  low energy
1dfribonucleotide binding 3.742E-04 19 14
15jATPase activity, coupled — 9 18ourine riboni
| 16carbohvdrate derivative binding 9.412E-09 20 + ADP m
17nuclectide binding 9.412E-094 20 17jmetabolic pr I
18nucleoside phosphate binding 9.412E-094 20 18yibonucleosit
13\1onocarboxglic acid binding 9.412E09 5 %Mnne nucle. SDTF:?\?EES 1PS:\-:PCTI":I?A¥ ;S‘:;:gPORT ?-ITFS\!EE%EPS%‘:'O:]TE2¢S#EHN:SIES
20Kceramide-translocating ATPase activity 1.267E-04 2 20cellular metz PROTONS ACROSS MEMBRANE TO MAKE ATP
(A) (B)

Related mitochondria functions are revealed from the initial proteomic analysis!!
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Preliminary Methylation Data for RR1
and RR3 datasets

chrid
——— . E—————
. " l.I\_al LI\_; LI\_;
19 kb
73814 kb 73,816 kb 73818 kb 73,820 kb 73,822 kb 73,824 kb 73,826 kb 73,828 kb 73,830 kb
1 | | 1 | 1 | | | | 1 | | 1 | | | 1 |
Refseq genes -
49 Pcdh1fp
RR3 Liver Basal | (. e 1 | | | (1] AR (I I
RR3 Liver Ground | | | | | | | | | | | || | | | | ” |
RR3 Liver Flight I | | | (ORI G | | I I |
RR1 Liver Ground Frozen I | I [ I I (I [ | I |
RR1 Liver Flight Frozen [ 1 | | | LI | [l | |
-66% 0 66%

Deviation from the mean methylation

Deviation from mean
separate for each experiment
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Hypothesis Developed and

Being Worked On

Spaceflight changes the physical properties of the cell components
impacting from the molecular to the whole body level.

The Mitochondria are the principal cellular component affect.

The Liver is the principal organ affected in issues related to the metabolism.

Overall circadian rhythm pathways are being disrupted

Possible disease that can be associated with liver damage and pathways is:
Oculocerebrorenal Syndrome of Lowe

“‘Extensive research has demonstrated that OCRL-1 is
involved in multiple intracellular processes involving
endocytic trafficking and actin skeleton dynamics. This
explains the multi-organ manifestations of the
disease.”

“The classic form of the oculocerebrorenal syndrome
of Lowe (OMIM #309000), first described by Lowe et
al. in 1952 [1], is characterized by the triad of
congenital cataracts, severe intellectual impairment,
and renal tubular dysfunction with slowly progressive
renal failure”

Patients with this disease manifest Cataract,
Glaucoma and Muscle hypotonia.

Schematic diaaram showing the organs affected in Lowe syndrome

" Brain and CNS (Cerebro-)
- Menital Retardation

Mehta, Zenobia B et al. “The Cellular and Physiological Functions of
the Lowe Syndrome Protein OCRL1.” Traffic (2014). 39



Hypothesis Developed and Being

Worked On (lon Diffusion)

Assumptions: ; Negative ion Strong attraction

- Gravity is a physical property. AR O &

= Alterathn |n GraVIt mUSt have a Counterion . .-'-. '_- e i Attraction at low
primary impact in F sical s \\ .0 fnic serength
properties of a cell, like ion Effective radius of _ "+, SRCSGRE" |
dlﬁUSIOn atmosphere b

- Electrostatics properties of proteins e <
Inﬂuence prOteln-prOteln InteraCtlon Far from the macroion the concer:tration e
and/or protelnfoldln , the same of positive and negative ions is identical
can happen with RNA strutures. o 3 (R

- |OnS are Crltlcal for EletrOStatlcs At high ionic strength counterions provide shielding effect,

the solubility increases

properties of the proteins, RNAs
and etc.

SELF-SPLICING INTRONS SPLICEOSOME-CATALYZED SPLICING
OF NUCLEAR mNRA
Spliceosome

Hypotheses: ﬂ (\ 2

- By altering lon Diffusion, s, = T
microgravity can influence cellular s A | l |
events by alterlng_Prc_Jteln-Prote_ln F
Interaction and “Binding”, Protein % : _q @\ =
foldlln _afr|1d RNA Rs[t\il&ctulres what | N\ |
would influence splicing.

p g Unfolded Folded . '{} i Q:’, 2 = %

Is expected that other Physiological e
properties dependent of lon
diffusion will be impacted too.

http://elte.prompt.hu/sites/default/files/tananyagok/IntroductionToPracticalBioche

mistry/ch05s04.html
https://step1.medbullets.com/biochemistry/102094/protein-folding-and-

degradation 40
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Figure 11-4b Molecular Biology of the Cell 6e (© Garland Science 2015)

Hypothesis Developed and Being

Worked On (lons and Mitochondria)

Mitochondria — All Cells

electron at H" ions (protons)
high energy

< F 3
\ ; - -
o ' I - membrane i i

-~
.;

electron at l Q

v
--s-
- <

STAGE 2: PROTON GRADIENT IS
HARNESSED BY ATP SYNTHASE
TO MAKE ATP

low energy

STAGE 1: ELECTRON TRANSPORT
DRIVES PUMP THAT PUMPS
PROTONS ACROSS MEMBRANE

(A) (8)

Cone Cells - Eye

1st Amplification 2" Amplification 34 Amplification

Photon$ or ligande Na*/Ca?®*

-0

GMP cGMP 4‘/

Molecular Biology of the Cell, Garland Science; 5th edition. 2007.
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degenerative events

Primary

Alternative Hypothesis being

Considered (lons and Mitochondria)

« Mitochondria can be disrupted by one single particle traversal in one
single mitochondria and create a cascade of event, including oxidative
stress lasting several days in the exposed cell

| GLAUCOMATOUS STRESS |
> = K
Machanical andior hypaxic / 1 \
oo e
Neurotrophin withdrawal
Cell death sigralirg
Mitochondrial dysfunction (-
_ Chronic activation response
& dystunction of glia
i \ Uncontrolied nmmwna actiily]| .- e
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innate & ada une rospanse
Incre ity
Increased anligen expcsun i~
Increasad antgen pressntation
ial support &
OORIC BNVITDH

y
‘\,l

et

Increased susceplibility of RGC bodies and axons to further injury

Investigative Ophthalmology & Visual
Science March 2009, Vol.50, 1001-1012.
doi:10.1167/iovs.08-2717

-'“ s

PNAS May 8, 2007. 104 (19) 8161-8166
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Death receptors
(Extrinsinc pathway)

DNA damage, ER stress Mitochondria
DISC oxidative stress, viral infection (Intrinsic pathway) Galluzz| L Brenner C Morse|||
l Bid -------> tBd E, Touat Z, Kroemer G (2008)
Viral Control of Mitochondrial

Caspase-§ ——

Caspase P
activators = -

| Apoptosis. PLoS Pathog 4(5):
- Blosnergstic e€1000018.

\ _~ Caspase-9 <——
~\/ F
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Level 7: The Body
Level 6: Organs

A

Systems Biology Analysis Used to

Understand Spa

Inflammation, Lipid

Mitochondrial

Accumulation,
alteration of cell Stress
migration and etc. And
Level 5: Cytoske!eton
Tissues alteration
Level 4:
“ The Cell and its

Organelles

ceflight Impact on

Protein

Complexes

and

The Electron Electrostatic

Chain Properties

Reaction and lon
Level 3: Folding Diffusion
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molecular Macro Monomeric
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Visualization Tools to Implement on

GenelLab Platform

Visualization Tools
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