
"In order to truly explore space, astronauts will need the capability to produce needed medications during their mission" 
- Virginia Wotring  (Adjunct Associate Professor, Center for Space Medicine and Department of Pharmacology and Chemical Biology, Baylor College of Medicine)

The race to the Red Planet has started and colonization could be in the near future! To make the colonization of Mars possible the first 
people will, of course, need to be able to survive and be self-sustaining in a place far from Earth. Astronauts will need access to medicine, 

but bringing it from the Earth is unsustainable. With our project, we aim to make a portable protein production and purification system that will solve the astronauts need for pharmaceutical protein by letting them produce their own on-site - no need to depend on the supply from Earth! 
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1. The Challenge

There are two very important problems with bringing medicine to space:
1.  Medicine expires after a while, so long-term space travel means
   that at least some of it will be impossible to bring.

2. The sheer amount of different medicine astronauts might need 
   is vast which makes it difficult to predict what is needed to bring.

3. The cost to keep transporting medicine to sustain a colony or
   long-term space travel would be unsustainable. 

These all make producing the medicine on-site the far the most attractive solution.

We don’t know exactly what medicine we will need on Mars! 
And let’s be honest, we can’t bring the whole pharmacy with us.

The production of protein, using 
conventional methods, requires a lot of 

steps, equipment and materials to be 
efficient in space. We would like to 

propose a method that will simplify the 
protein production and purification 

processes into a single step using 
fewer materials, making it 

more mobile. 
An all-in-one protein 

production and 
purification 

system!
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2. Our Solution
Our novel PharMARSy project is a simple 

pharmaceutical protein production and purification system 
for long term space travel and Mars colonization.

Consisting of only two chambers separated by an artificial biomimetic 
membrane. Our solution simplifies the production and purification 

processes by having all crucial steps happening in a single device leading to 
production of pure protein ready to collect from the collection chamber. 

Schematic representation of the 
proposed simplified protein and 

purification system (not to scale). 
The bacteria-containing production 

chamber (orange) is separated by the 
membrane ensuring only 

the target of interest will be 
transported into 

the collection chamber (blue). 
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3. The Injectisome

Secretion of protein through an 
artificial biomimetic membrane is 
illustrated (not to scale). E. coli K12 
chassis containing the T3SS vector 
from Enteropathogenic E. coli 
strain E22 and the expression 
vector containing our protein 
of interest along with our 
BioBrick the T3SS signal 
sequence Map20
(BBa_K2871000). 

We use an engineered E. coli that expresses the type III secretion 
system (T3SS - also called the Injectisome) and an expression vector 

containing our BioBrick part the T3SS-secretion signal sequence 
Map20 (BBa_K2871000) fused to our protein of interest, e.g., Parathyroid 

Hormone (PTH) to fight bone loss caused by the lower gravity on Mars.

The T3SS signal sequence guides our protein made by the bacteria to the 
injectisome. The injectisome basically works like a tiny molecular syringe. It uses 

its tip protein complex and hydrophobic translocon proteins to attach itself to the 
biomimetic membrane and inject our protein of interest across the membrane. 
After the protein has been injected through the biomimetic membrane by the 

bacteria pure protein 
will be ready to collect in the buffer-containing collection chamber.  
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5. The Chamber

Cross-section of 
the chamber

We made the Bacta_tank3.0, which is a prototype of our device 
that allows for the growth of bacteria in one chamber and secretion 

of pure protein into another collection chamber. The chambers would 
be divided by a biomimetic membrane, which serves two purposes: 

1. It should allow injectisome-containing bacteria to secrete the protein through the 
membrane into a collection chamber. 
2. It should be robust enough to prevent bacteria crossing into the lower collection 
chamber, thus preventing contamination.

Designing something that would be able to hold a fragile membrane in place 
without leaking and the development of the Bacta_tank can be found on our wiki.

We have used a mathematical model to get a better 
understanding of different aspects of our physical model 

and the bacterial protein production. The details 
can be found on our wiki.

http://wiki.igem.dk

Human Practices Integrating expert opinion into our project
After discussions with several experts on 

Space and Protein Science we settled on a 
catalogue of plausible proteins useful for 

space colonization, thereby the purpose of 
our project has been impacted by our 

investigation.

Why do we humans want to colonize Mars? 
We have done a collaborative investigation together with DTU-

Denmark and iGEM-Exeter into the historical, bioethical and 
rhetorical aspects of space travel culminating in a written 
report. We have also, in collaboration with DTU-Denmark, 
participated in an event at the Tycho Brahe planetarium in 

Copenhagen, where we integrated the knowledge 
from our research in order to facilitate quality 

engagement with the public. 

Is our system safe and 
can it be misused?

We implemented several extra safety precautions 
in our lab work and, through discussions with the Danish Centre 

for Biosecurity and Biopreparedness (CBB), they assessed the 
dual-use risk of our system. The final assessment by CBB 

concluded that the current risk is minimal, but this will need to be 
reconsidered before mass production. 

4. Experiments

Section of western blot of cellular soluble protein at 0, 3 and 6 Days

(See BBa_K2871000 registry page for full figure)

I+/- Describes if the sample contains Injectisome genes.

S+/- Describes if the sample contains Map20 signal(+) or no signal(-) fused to mCherry

C+/- Describes if the samples contain chaperones involved in injectisome secretion

Note: The experiment was done using two gels, but using the same samples and markers on both

Sections of western blot showing media separated from induced bacteria incubated together for 0, 3 and 6 Days

I+/- Describes if the sample contains Injectisome genes.

S+/- Describes if the sample contains Map20 signal(+) or no signal(-) fused to mCherry

C+/- Describes if the samples contain chaperones involved in injectisome secretion

Conclusion: The western blot result shows that we successfully expressed the fusion protein (Map20 T3SS-signal+mCherry) because we got 
visible bands with a correct size 30KD at the lanes containing I-S+C-. There is a lower amount of fusion protein compared to mCherry without 

Map20-signal visible by the relative difference in band-size. The results indicate that the signal could affect protein expression or protein stability.

Conclusion: We showed that the fusion protein Map20+mCherry is expressed in the bacteria, but 
there are no protein bands visible in the supernatant after incubation. This result suggests that the 
injectisome doesn’t secrete protein into the media without membrane-attachment.

Expression of fusion protein and test of leakiness
We wanted to test if the injectisome was leaky and make sure we were able to express the fusion protein 

Map20(T3SS-signal)+mCherry (reporter). The bacteria was induced and incubated at 16 ℃ for 6 days and tested 
to check if protein was secreted via the injectisome into the media (without any target membrane present).

Egg Experiment 
The idea was to make a two-chambered device 

separated by the egg membrane from 
salmonella-free chicken egg yolk. Bacteria 

should recognize the phospholipid 
bilayer characteristic for eukaryotic 

cells and secrete the protein through 
the membrane via injectisome. 

However, we discovered that 
the membranewas too 

leaky as we found 
bacteria on 

both sides of 
the mem-

brane. 

Liposomes
Liposomes were used to test the 

ability of the injectisome to secrete 
proteins through membranes. We 

used liposomes with a lipid 
composition theoretically 

appropriate for recognition by the 
injectisome. We wanted to inject 
mCherry into the liposomes and 

then separate the liposomes from 
the bacteria. After isolation of the 

liposomes, fluorescence of the 
samples was measured 

quantitatively. Furthermore, 
western blots were used to detect 

the proteins. 

                                      Protoplasts
We attempted to replicate the 2011 Hokkaido iGEM team’s onion 
assay experiment in which we aimed to inject proteins into plant 
protoplasts using the injectisome. Tobacco and onion protoplasts 
were made using enzymatic buffers. We attempted to inject the 
protoplasts with mCherry and GFP, and then examined the 
protoplasts under a fluorescence microscope. 
Unfortunately the experiment did not prove 
successful as we could not see an increase in 
fluorescence within the protoplasts after adding 
injectisomes-containing bacteria. We therefore 
tried to detect his-tagged mCherry using 
western blot but struggled with 
separating protoplasts and 
bacteria without 
breaking the 
protoplasts. 
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