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Regenerative Life Support System Challenges for deep-space exploration

• Financial difficulties

Ø The launch price advertised by SpaceX 
service is $12600 per kilo .

Ø The mass requirement per a crew member is 
340–470 kg per year

• Logistical Obstacles
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Urine nitrification in space 

• Astronauts’ urine posses 64% of the 
nitrogen can be used for food production. 

• Proof of concept that nitrification is 
possible in space. 

• Investigate active nitrification by 
axenic- synthetic community under space 
conditions.  

• Synthetic community
(Comamonas testosteroni ,Nitrosomonas 
euroapae,  ,Nitrobacter winogradskyi )
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Active nitrification by axenic- synthetic nitrifying 
community

Transport 

Earth ISS 

Define the optimal storage protocol and timeline

4



Optimization of long-term storage conditions 

• Experimental set up 

Pure and synthetic culture Storage at (4 °C, 15 °C, 24 °C) Flowcytometry and activity measurements 
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Optimization of long-term storage conditions 

• Hypothesis 

Pure and synthetic culture Storage at (4 °C, 15 °C, 24 °C) Exponential decline in biomass and activity overtime
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Results

24 °C 

4 °C 

24 °C 

A) decrease in cells density of N.europaea over time

4 °C 
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Cell density over time

Cell density over time



Results
B) The phenotypic structure and  communities tended to evolve towards the same structure as the 
storage period lasts.
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Results
C. The phenotypic heterogeneity within the samples exhibited reduction in both richness and 
phenotypic diversity for all temperatures 
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D. Change in salinity and pH as the starvation continuous 

Results
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D. Change in salinity and pH as the starvation continuous 

Results
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Activity test after 90 days of storage:  

- Samples from 4 °C  stocks were successfully activated after 24 hours with NH4 consumption 
rate of 8.36 mg L−1 d −1

- No activity was observed by the samples retrieved from 15 °C and 24 °C stock

Results

4 °C 15°C 24 °C 
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Ø The optimal temperature for long term storage of Nitrosomonas Europaea is 4°C

Ø Phenotypic heterogeneity of N. europaea is affected by time 

Ø The low activity by bacteria is correlated with low phenotypic diversity 

Ø Compare the richness and evenness of N, europaea in the synthetic culture (Comamonas
testosteroni and Nitrobacter winogradskyi) 

Ø Study the effect of time and temperature on the growth kinetics  (growth and decay rates, 
mass balance, nitrification efficiencies) 

Summary

Starvation due to substrate depletion can lead to decrease in phenotypic 
heterogeneity        decrease in nitrification activity 
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