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* Proof-of-concept study for nitrification on the ISS
Nitifiestog getivity in Low Earth Orbit
| S5 * lonizing irradiation (280 uGy/day*)
cxpiman S NI 1 ©  Microgravity

activation ¢

*Berger et al., 2016

/ * Preparatory terrestrial experiments:
|  Simulated ISS ionizing irradiation conditions
o e Simulated microgravity
| * Axenic cultures & tripartite community
[ e Effect on ureolysis & nitrification
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Sample analysis  Whole transcriptome analysis
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CHRONIC LOW-DOSE IRRADIATION

e Simulation of ISS irradiation

_ W * Accelerated life testing:
” ? Total dose of a 4-month ISS stay (36 mGy) over

3 days of irradiation
Cf-252 source

e Cf-252 neutron source*: 509 pGy/h

*Akatov et al., 2013
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COMAMONAS TESTOS TERW

10 e Differentially expressed gene (DEG):
* log, fold change (FC) > | 1|
87 e p-value < 0.05

* DEG percentage: 4.28 % of total genome protein
coding sequences (CDS) (=5,771)

* 56.28 % upregulated
* 43.72 % downregulated

-Log4g p-value

& Not significant
@ log, FC> |1]
@ p-value <0.05
® DEG
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Log, fold change
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No effect on ureolysis genes
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% .,‘, . * DEG percentage: 2.55 % of total genome protein
) "Te | coding sequences (CDS) (= 2,783)
s e 23.94 % upregulated
S .. * 76.06 % downregulated
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@ Not significant
01 | | @ log, FC > |1|
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No effect on nitrification genes
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10
° * DEG percentage: 0.85 % of total CDS (=
. . 12,221)
3
Z o * 66.35 % upregulated
8 4 ,, : * 33.65 % downregulated
27 & Not significant
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TRIPARTITE CULTURE — NITROSOMONAS EUROPAEA

Effect on nitrification genes
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. Nitrosomonas Nitrobacter . .
Comamonas testosteroni . . Trlpartlte culture
europaea winogradskyi

- ROS scavengers
- DNA repair
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- ROS scavengers

Oxidative stress response - Cysteine biosynthesis J S e Fao® >cavengers - Stress response
- Iron uptake - Energy conservation :
- Glyoxylate shunt proteins
- Cell envelope adaption
- N. europaea hao3
Imp.ac.t.on.ureoly5|s or None None None - N. europaea antA
nitrification genes - N. europaea

RuBisCO activators
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CONCLUSIONS

LOW-DOSE CHRONIC IRRADIATION

e Evidence of subtle form of oxidative stress
in all axenic strains and tripartite
community

* Limited effect on nitrification genes in low-
dose chronic irradiation conditions in
tripartite community
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0y SIMULATED MICROGRAVITY Eesa

European Space Agency

RANDOM POSITIONING ROTATING WALL

MACHINE (RPM) VESSEL (RWV)
* Random 3D rotation * 2D rotation
* Randomization of gravity vector * Solid body rotation of liquid
* Disruption of cell’s gravity perception * Continuous suspended orbid of cells
* Low-shear modelled microgravity * Low-shear modelled microgravity

e sckcen = Ty



eeeeeeeeeeeeeeeeeee

V| s SIMULATED MICROGRAVITY Eesa
<~ NITROSOMONAS EUROPAEA




N A
I

)

SIMULATED MICROGRAVITY Eesa
NITROSOMONAS EUROPAEA

p——

RPM r RuBisCO

S _J

)

)

Mercury transport

r N
Transposases &

45 v 16 - Integrases )

[ '

Stress response

\. J

amoA2/amoB2
(ammonia monooxygenase)




M E«M&S A . SIMULATED MICROGRAVITY esa

NITROSOMONAS EUROPAEA
Localized nutritional deprivation [ RUBiSCO ’
N
 Downregulation of central metabolism genes amoA2/amoB2

(ammonia monooxygenase) )
. . r N

e Stress-induced mutagenesis Transposases &

e Upregulation of transposases and integrases . Integrases

* Observed during nutritional deprivation in other - <
baCteriaI Strains (Reviewed in Foster et al., 2007) L Stress response )

e Other stress response genes

[ Mercury transport ]
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Nitrosomonas europaea Nitrobacter winogradskyi

- RuBisCO operon
- Cell growth, proliferation
- Stress response genes

- RuBisCO activation genes
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CONCLUSIONS

SIMULATED MICROGRAVITY

* Possible nutritional deprivation caused by
elimination of fluid dynamics

* N. europaea and N. winogradskyi:
* Downregulated central metabolism genes
* Upregulated stress response genes

* Simulated microgravity has an effect on
nitrification
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CONCLUSIONS

CONSEQUENCES FOR MELISSA IN SPACE

1) lonizing irradiation has no immediate
conseqguence on ureolysis and nitrification activity

2) Simulated microgravity
* Local nutrient deprivation

e Current technology: Fixed-bed bioreactor

e Effect on biofilm will be investigated in space
experiment

e Research towards improved mixing

conditions
+ + '
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