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For much of the last decade, the possibility of an expedition to Mars has kindled in-
terest. However, scientists are still experimenting with agriculture in space in order to 
sustain human deep space exploration. Thus, we propose a food source in the form 
of a microorganism that can survive with few resources and provide sustenance for 
space exploration. Our research focuses on a microalgae called Klebsormidium flaccid-
um, a species of green algae. We found that K. flaccidum has a high baseline nutrition-
al value and is well suited to dry environments with scarce resources, making it ideal 
for space agriculture. Taking advantage of algae as a food source would allow us to 
optimize the use of limited space and resources and reduce the costs of food/nutrient 
transportation.

To enhance the nutritional value of the algae, we plan to modify K. flaccidum with the 
beta-carotene pathway to produce astaxanthin. Astaxanthin is an antioxidant that 
counteracts many of the adverse effects of low-gravity environments, such as bone 
loss, effects of radiation exposure, and eye damage from bodily fluid pressure. It is 
also found in shrimp and salmon. First, we intend to engineer the beta-carotene path-
way to stop at lycopene, as it is less complex and easier to execute. If this succeeds, 
we will complete the pathway to reach astaxanthin. Both lycopene and astaxanthin are 
a bright red color, and can therefore act as reporters for themselves.
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Background
For years now, there has been much interest in widening the bounds of human space explo-
ration. We have not yet found a reliable method of growing food in space, which is necessary 
if humanity plans to conduct space expeditions for extended periods of time. Although scien-
tists are developing methods to grow plants in space, they take up essential time, space, and 
expense.

https://bit.ly/2VkCDmV
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of lycopene range from 0.7 to 25.2 mg, while it has been 
found that daily doses of 5-10 mg significantly increased 
serum lycopene levels and significantly reduced lipid 
and protein oxidation (Selvan et al. 2011). However, the 
dosage of lycopene required for the aforementioned 
effects to occur has yet to be determined through 
 experimentation.

Systems Level

Our proposed system is a food source that can be grown 
in space and will counteract many of the health-relat-
ed issues that occur in space, as previously stated. The 
system consists of the microalgae chassis Klebsormidium 
flaccidum transformed to produce astaxanthin (Figure 2). 
Astaxanthin acts as both an antioxidant and a reporter 
by which we will determine whether or not the transcrip-
tion and translation of the gene sequence are success-
ful. At the systems level, we have identified light and 
nutrients, which are necessary for the algae to survive, 
as input, and astaxanthin as the output. The device-lev-
el description will take a closer look at the mechanism 
behind this system.

While researching this problem, we found that algae is 
increasingly being recognized as a valuable source of 
protein and other nutrients; the algae biomass sector in 
the EU is valued at €1.69bn (Spicer and Molnar 2018). 
Algae are able to grow with only water, light, and a few 
inorganic compounds. Furthermore, algae are already 
being considered as a food source in space (Beall 2019). 
In particular, green microalgae have a nutritional content 
that is high in protein.

Narrowing our search, we discovered the microalgae 
Klebsormidium flaccidum, a species that is desicca-
tion tolerant and cold acclimatable (Kondo et al. 2016; 
Nagao et al. 2008). The dried biomass of K. flaccidum 
var. ZIVO was found to contain ≥40% protein by mass, 
≥150 μg/100 g of vitamin K1, ≥1.5 mg/100 g niacin, and 
≥300 mg/100 g polyphenols (Brickel et al. 2018). There-
fore, K. flaccidum bypasses many of the challenges of 
growing plants, such as soil and space constraints, and 
could be a useful source of protein that other plants 
cannot provide. This would greatly reduce the costs of 
transportation and resources used for current food being 
sent to astronauts in space.

Our plan is to use CRISPR to modify our chassis, K. 
flaccidum, to produce lycopene. Although CRISPR has 
not yet been used with K. flaccidum, this should be an 
attainable approach because it has been applied suc-
cessfully in several other algal species (Spicer and Mol-
nar 2018). One of these is Chlamydomonas reinhardtii, 
which shares crucial commonalities with K. flaccidum, 
including similar cell wall materials (alkanes and triacyl-
glycerols) and a nuclear genome size of approximately 
120Mb (Kondo et al 2016; Baba et al. 2013).  Further-
more, Klebsormidium is a predecessor of Oryza sativa, 
which has already been engineered with the carotenoid 
synthesis pathway (Team SCAU-China 2016; Hori et al. 
2014). All of this corroborates successful gene editing in 
K. flaccidum.

While researching, we also found a bright red compound 
called astaxanthin. Astaxanthin is an antioxidant that can 
counteract many adverse effects of low-gravity environ-
ments, such as bone loss, effects of radiation exposure, 
and eye damage from bodily fluid pressure (Baker and 
Cortez 2019; Pilinska et al. 2016; Ambati et al. 2014). 
Using astaxanthin, we can also determine whether or not 
the transcription and translation of the gene sequence 
were successful by the appearance of a bright red color.

Lycopene is a precursor to astaxanthin along the 
 beta-carotene pathway (Figure 1). It is bright red and 
is found in tomatoes and other fruits and vegetables. It 
has similar health benefits as astaxanthin, counteract-
ing effects of radiation exposure and eye damage and 
benefiting bone health (Pirayesh Islamian and Mehral 
2015; Selvan et al. 2011). Reported values of daily intake 

Figure 1. Depiction of the beta-carotene biosynthesis pathway 
(Source: Contreras et al. 2013).
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The next part is an ORF for crtYB, also from P. anana-
tis. This encodes phytoene synthase, an enzyme which 
allows the cell to manufacture phytoene from GGPP 
(Contreras et al. 2013).

The last ORF encodes crtI, also from P. ananatisl. This 
encodes phytoene dehydrogenase, an enzyme that 
catalyzes the conversion of phytoene to lycopene in a 
one-step reaction (BioCyc 2019). This part has been used 
previously in Oryza sativa for astaxanthin biosynthesis.

The final part is a double terminator. Having a double 
terminator increases the reliability of the part as op-
posed to a single terminator.

All of these parts will be compiled into a plasmid. The 
plasmid will be copied using PCR and will then be insert-
ed into K. flaccidum. All of the parts are specific to algae 
or cyanobacteria, so they should be compatible with K. 
flaccidum.

Safety

None of the materials used and produced through our 
design are toxic to animals. The production of lyco-
pene-enhanced K. flaccidum will be done in a controlled 
lab environment. K. flaccidum was already tested in an 
experiment in 2018, which was conducted using KAL-
GAE™, a dried form of K. flaccidum harvested by ZIVO 
Biosciences, Inc. For a period of 90 days, rats were fed 
KALGAE™ in varying amounts, and no negative effects 
were observed in them (Brickel et al. 2018). The lyco-
pene-enhanced K. flaccidum is anticipated to yield the 
same results as K. flaccidum var. ZIVO. These data can 
be used to reasonably predict the safety of lycopene-en-
hanced microalgae. However, before being cleared for 
use as a food source or made available commercially, 
the lycopene-enhanced microalgae will be thoroughly 
tested. Through extensive testing, we will be able to 
accurately determine the safety of ingesting the engi-
neered space algae.

Device Level

The chassis of our device is Klebsormidium flaccidum. 
The pathway that produces astaxanthin is the beta-car-
otene biosynthesis pathway. As depicted in Figure 1, 
the enzymes required to synthesize astaxanthin from 
farnesyl pyrophosphate are encoded by the genes crtE, 
crtYB, crtI, and crtS/crtR. To synthesize lycopene, only 
crtE, crtYB, and crtI are needed. Farnesyl pyrophosphate 
(farnesyl diphosphate, or FPP) is a molecule already 
produced by green algae and primitive plant species and 
is already produced by K. flaccidum (Baba et al. 2013; 
BioCyc 2019). Experimentation is required to determine 
the ideal strength of expression for lycopene and astax-
anthin biosynthesis, as strong expression may inhibit the 
cells’ ability to survive. Since the astaxanthin pathway is 
not normally utilized by K. flaccidum, it will be imperative 
to ensure that the chassis expresses the gene but is not 
overstressed.

Parts Level

We have identified the parts necessary for our design, all 
of which can be found in the iGEM registry; see Fig. 3 for 
a depiction of the parts level, along with the part identi-
ties in the iGEM registry.

The first part is a heat and light inducible promoter from 
Chlamydomonas reinhardtii. This part allows the coding 
sequence to run only in the presence of heat or light 
(McCall et al. 2018). This will prevent the K. flaccidum 
from expending too much energy while being stored or 
in transit. Since the health of the chassis, K. flaccidum, is 
central to the design’s function, it is necessary to ensure 
that it is not overexerted by the new genes. Thus, we 
added the inducible promoter so that K. flaccidum will 
only express the genes in a suitable environment.

The next part comprises the ribosome binding site (RBS) 
and open reading frame (ORF), or coding sequence, for 
crtE from Pantoea ananatis (Zhang and Wang 2015). This 
encodes geranylgeranyl pyrophosphate synthase. This 
enzyme will allow the algae to convert farnesyl diphos-
phate, FPP, into geranylgeranyl pyrophosphate, or GGPP. 
As previously stated, FPP is already produced by K. 
flaccidum.

Figure 2. Depiction of the systems level.

Figure 3. Depiction of parts and BioBrick identities.

Klebsormidium flaccidum Genes for beta-carotene 
pathway

Low-maintenance, high nutrition 
algae that can be grown in space

Heat and 
light inducible 
promoter

BBa_K640001 

Native RBS 
and ORF 
encoding crtE 
(geranylgeranyl 
pyrophosphate 
synthase) 

BBa_K118014

ORF encoding 
crtYB (phytoene 
synthase) 

BBa_K118002

ORF encoding 
crtI (phytoene 
dehydrogenase) 

BBa_K118003

Double 
terminator 

BBa_B0015
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