
RESULTS

Temperature
A94 failed to grow at the lower temperatures and previous research showed similar results for 
Nannochloropsis.  Ongoing experiments will serve to evaluate the growth of lichen under low 
temperatures. It is hypothesized that although growth will be slow, symbiosis will enable the algae and 
fungus to survive.
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Colonizing Mars is NASA’s next objective. One of the obstacles faced in long-term
space travel is the availability and viability of medications. Logic turns the
examination of this issue to the source of most of our current medication: Fungi.

Fungi produce a wide variety of secondary metabolites, some of which are sources
of medications. The secondary metabolite processes are not in constant production
and only engage when survival of the fungus is at risk. However, there is a
structure that releases secondary metabolites for different reasons: Lichens. This
symbiotic structure that forms between fungi and algae has unique properties
usually different from the individual fungus and algae making up the structure.
While the mechanism for survival is not clearly understood, it is known that lichens
are quite hardy and grow in environments inhospitable to other organisms. Since
they grow on different materials, they secrete unique secondary metabolites to help
them break down the substrates for nutrients. If the lichen is successful under
Martian conditions, the fungi can be used for pharmaceutical purposes while the
algae can be harvested to create nutraceuticals which could prove just as important
in colonizing a barren environment.

We hypothesize that exposing fungi and lichens to Martian conditions could trigger
secondary metabolites that have yet to be studied. Preliminary research by Dr. Clay
Wang has substantiated our hypothesis as he has already sent fungal samples to the
International Space Station.
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BACKGROUND

Fungi
Stocks of Aspergillus nidulans were obtained from the Fungal Genetics Stock 
Center (FGSC). FGSC A4 genotype Glasgow wild type (veA+), depositor strain 
EK; FGSC A94 Grindle wild type 36, depositor strain MG. Working stocks were 
made on Potato Dextrose Agar (PDA) plates cultivated in a growth chamber at 
30°C. Working stocks were then exposed to experimental conditions.
Algae
Nannochloropsis and Chlorella vulgaris obtained from Lone Star College –
Montgomery . Working stocks grown with F2 medium and then subjected to 
experimental conditions.
Temperature
A4 and A94 will be grown at different temperatures: 4°C and  -20°C which are 
conditions more similar to the Martian environment.  The growth will be 
compared to strains grown at 30°C under standard conditions.
Regolith
Plates will be made with varying amounts of  JSC Mars-1A Simulant regolith and 
PDA or F2 media.  The plates will be inoculated with A94, Nannochloropsis, and 
a combination of both. 
Corn
Corn kernels will be inoculated with A94 to be used as another method of 
transport to Mars. 
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• Continuation of regolith experiment
• Exposure to lower pressure environment via a pressure chamber
• Exposure to increased CO2 levels via an anaerobic chamber
• Evaluation of fungal and lichen secondary metabolites
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The genus Aspergillus is a widely studied filamentous fungi. Aspergillus species are 
eukaryotes, like plants and animals, but they differ in a few crucial aspects.  Fungi 
digest materials produced by animals and plants via a process known as 
osmotrophy, which is the release of enzymes that break down complex substances 
into sugars, amino acids, and fatty acids. This unique property of fungi will be 
critical to our experiment.

Lichens are one of the most common examples of mutualistic relationship in nature.  
A fungus and algae, usually a green algae or cyanobacteria, come together to form a 
symbiotic structure called a lichen.  The phycobiont component of the lichen, the 
algae, has chlorophyll which is essential in photosynthesis.  The photosynthetic 
process allows the algae to create its own nutrients which it passes on to the 
mycobiont, or fungus.  The mycobiont provides the shelter and structure for the 
algae while absorbing water and additional nutrients from surrounding substrates 
which can be passed on to the algae.  Fungi and algae can certainly survive on their 
own but creating this mutualistic structure extends their life and increases 
environmental options in which they can exist. 

Fungi and lichens have what is known as primary and secondary metabolites. 
Primary metabolites are essential to cell growth while secondary metabolites are 
not.  Secondary metabolites are not always in continuous production and are mainly 
involved in defense reactions. These secondary metabolites are the sources of many 
life-saving   pharmaceuticals, such as penicillin, and are being extensively studied 
as possible treatments for diseases such as cancer and Alzheimer’s.

Lichen 
A plate with half PDA and half F2 media was inoculated with Nannochloropsis and A94.  Growth of a 
lichen structure was successful and results were confirmed via DAPI and Gel Red.  The fungus took up 
Gel Red and the algae took up both dyes leading to a pinkish hue in the photo.  
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Agar from one PDA plate was cut into fourths and the quarter 
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