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Abstract: 
 

The process of panspermia, or the transport of life through space by means of extraterrestrial 

bodies such as meteorites, likely introduced early life to Earth. According to the application of Moore’s 

Law to evolution, terrestrial life would require approximately 9.7 billion years of evolution to reach its 

current state, while the Earth has only been around for 4.6 billion years (Sharov, A., 2009). Previous 

experiments have already established that certain forms of cyanobacteria, which are the Earth’s earliest 

known organisms, are capable of surviving in space (Olsson-Francis et al., 2010). This study’s purpose 

was to support the panspermia theory that cyanobacteria are capable of growing on the nutrients found in 

meteorites. To do this, samples of cyanobacteria harvested from the Hudson River were grown in media 

simulating likely meteorite compositions. These samples were compared to samples placed in a medium 

containing nutrients found on Earth, and a medium consisting of only purified water.  Next, three cold 

resistant forms of cyanobacteria were grown in the same media, but this time exposed to cold 

temperatures and a constant full spectrum of radiation to simulate the extreme climate of a meteorite. The 

results showed that while the most growth occurred in the Earth-like formula, there was still a noticeable 

amount of growth in the meteorite-simulating solutions. From the results of this study it can be concluded 

that meteorites are suitable sources of nutrients to support basic life. 
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Introduction: 

	  

It is possible that life did NOT begin on Earth, but instead originated in space and was 

transported here through the process of panspermia. Panspermia is a process that involves the 

spreading of life to, or between, planets by means of extraterrestrial bodies, like meteorites. 

Additionally, some scientists believe that life originally formed in nebular clouds, or the 

remnants of supernovae, where there is an abundance of available elements for DNA formation, 

as opposed to early Earth (Rhawn et al., 2011). The panspermia theory is further supported by 

the application of Moore’s Law to evolution of organisms. Plotting the complexity of 

chromosomes versus time, a line of best fit was found, as shown in Figure 1. This correlation 

indicates that the origins of life most likely occurred billions of years before the Earth was even 

formed (Sharov, 2010). Life, or at least the basic structure of early life forms, would then have 

been transported out of these nebular clouds via extraterrestrial bodies, such as meteorites. This 

is supported by the discovery of evidence of organic microfossils on the Orguel C11 

Carbonaceous Chondrite, or carbon rich meteorite, by Richard Hoover in 2011. 

 

 
Figure 1: Moore’s Law applied to evolution of organisms on Earth. 

(http://www.technologyreview.com/view/513781/moores-law-and-the-origin-of-life/) 
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Cyanobacteria are the oldest known form of life on Earth, making them prime candidates 

for panspermia. Olsson-Francis et al., has already shown that certain forms of cyanobacteria can 

survive full exposure to outer space (2010). In the Olsson-Francis experiment, various species of 

cyanobacteria were sent into space and their survival rate was found. It is also known from 

studies by Yamagishi et al. that there are microorganisms that live in space-like conditions in the 

high altitude atmosphere (2009). 

This project attempted to expand on the findings of Olsson-Francis et al. by showing that 

life could not only survive in space, but also live off of the nutrients found in carbonaceous 

chondrites, like the Murchison Meteorite. The goal of this study is to provide further evidence 

that microorganisms can adapt to life in space. 

The first part of the study attempted to determine if microorganisms can survive the 

environmental challenges of space. The second part of this study determined if known 

extremophiles, or extremely resistant microorganisms, could grow in extreme, space-like 

conditions. We hypothesized that microorganisms can not only survive in space, but also survive 

on the nutrients from the extraterrestrial bodies involved in panspermia. 

 

Methodology: 
 

Algae samples from the Hudson River were collected from rocks at the base of the 

George Washington Bridge in Fort Lee, New Jersey, at low tide using metal knifes and scrapers. 

The algae were then placed in petri dishes with Hudson River water, as shown in Figure 2. 

Samples were examined under a microscope to confirm that there were cyanobacteria present. 

After collection, these samples were taken to a biology lab at Rockland Community College, 

where they were placed in an environmental chamber and allowed to grow in BG-11 growth 

medium for approximately five weeks. The environmental chamber was kept at room 

temperature and lit in 12-hour increments to simulate outdoor conditions. Each sample was then 

put in standard growth medium (BG11) growth medium, deionized (DI) water, meteorite-

simulating medium (Murch. Sim), or meteorite simulating medium with a phosphate (Murch. 

Sim. +P) [see Figure 3]. The compositions of the different growth media are shown in Table 1. 

 



5 
 

 
Figure 2: Hudson River algae sample after collection. (Jenss) 

 

 
Figure 3: Hudson River algae growing in (bottom right to top left) BG-11, Murchison Sim., 

Murchison Sim. +Phosphate, and DI water in environmental chamber. (Jenss) 
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Table 1: compositions of the three growth solutions made for this experiment.  

 BG-11Growth 

Medium 

Murchison Meteorite 

Simulating Solution 

Phosphate Fortified 

Murchison Meteorite 

Simulating Solution 

NaNO3 1.500g 0.730g 0.730g 

CaSO4 x 2H2O  - 6.010g 6.010g 

MgSO4 x 7H2O  0.075g 17.24g 17.240g 

NaCl  - 4.830g 4.830g 

KCl  - 2.100g 2.100g 

MnSO4  - 0.340g 0.340g 

FeCl2  - 0.200g 0.200g 

NiCl3  - 2.210g 2.210g 

Na3PO4 - - 0.220g 

CaCl2 x 2H2O 0.030g - - 

NaCO3 0.020g - - 

K2HPO4 0.040g - - 

Citric Acid 0.006g - - 

Ferric 

Ammonium 

Nitrate 

0.006g - - 

DI water 1.000L 1.000L 1.000L 

 

After growing for approximately two months in the environmental chamber, samples 

were put on a hemocytometer under a microscope to count the cells. Figure 4 shows an example 

of a hemocytometer cell counting square. Cells were counted per 1mm square. For this 

experiment, three 1mm squares were used for each count to produce a larger sample size. A 

hemocytometer cell count was completed twice for each solution and an average was found.  
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Figure 4: Example of hemocytometer cell counting square. 

(http://www.nature.com/nprot/journal/v2/n6/fig_tab/nprot.2007.178_F2.html) 

 

 

 After results were gathered from the Hudson River samples, three new samples were 

obtained from the University of Texas. These samples included Gleocapsa (EE 3), a salt tolerant 

cyanobacteria; Nostoc Sp. (EE 1095), a cold-resistant cyanobacteria found in Antarctica; and 

Synechococcus Elongate Nageli (ATCC 33912). These where incubated in BG-11 formula for 

approximately two weeks before being placed into the same solutions as the Hudson River algae 

were. This time, however, instead of growing in an environmental chamber, they were grown in 

a modified refrigerator at temperatures of about 3˚C, and exposed to a constant solar spectrum of 

radiation using a full spectrum florescent light bulb. After approximately four months in these 

conditions, cells were once again counted on a hemocytometer, twice for each sample and 

growth medium.   
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Figure 5: UTexas algae growing in cold and radiated conditions. (Jenss) 

 

Results: 
 

Figure 6 shows the growth of the Hudson River algae in the environmental chamber, 

Tables 2&3 and Figures 7&8 show the growth of the UTexas cyanobacteria in the modified 

refrigerator. As expected, the BG-11 medium yielded the most growth by far. The meteorite 

simulating solutions were also able to support growth, with the Murchison Sim. +Phosphate (5x 

diluted) yielding the second highest amount of growth, and the Murchison Sim. (5x diluted) 

yielding the third. The control group of DI water had little to no growth.  
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Figure 6: Average cell growth of Hudson River algae in each solution. 

 

EE 3 

  Count 1 Count 2 Average 

BG-11 5025 6600 5812.5 

Murch. 5x 1200 1725 1462.5 

Murch. 10x 825 1425 1125 

Murch. 5x +P 1200 1950 1575 

Murch. 10x +P 750 1275 1012.5 

DI Water 22 64 43 

    EE 1095 

  Count 1 Count 2 Average 

BG-11 31270 37593 34431.5 

Murch. 5x 324 284 304 

Murch. 10x 262 275 268.5 

Murch. 5x +P 462 591 526.5 

Murch. 10x +P 525 450 487.5 

DI Water 24 20 22 

    ATCC 33912 

  Count 1 Count 2 Average 

BG-11 50300 50637 50468.5 

Murch. 5x 3825 4275 4050 

Murch. 10x 1275 1800 1537.5 

Murch. 5x +P 5475 4575 5025 

Murch. 10x +P 4650 4875 4762.5 

DI Water 985 875 930 
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The results for the UTexas bacteria are consistent with those of the Hudson River algae. 

This validates the results from the Hudson River samples by showing that, like before, the BG-

11 had noticeably more growth than all other media, yet the Murchison simulating solutions still 

show definite growth over the DI water control medium. It can also be concluded that the added 

phosphate in certain samples contributed to additional growth of the cyanobacteria, and that 

solutions with higher concentrations would allow for more growth. A two-way randomized 

ANOVA test of results showed that nutrient, genus, and the interaction of the two factors were 

all statistically significant, as shown in Table 3. 

 

Table 3: ANOVA results for UTexas cyanobacterial growth. 

 
 

Conclusion: 
 

 From the results gathered, this experiment shows that growth of simple organisms on the 

nutrients found in meteorites is quite plausible. It can also be concluded that exposure to cold 

and radiation did not inhibit the growth of the UTexas samples, which is also important because 

it demonstrates that the growth of these organisms in space-like conditions is possible, further 

supporting the findings of Olsson-Francis et al., in 2010. 

 In order for the panspermia theory to be further validated, it will be necessary to next 

determine more about the reactions of organisms to prolonged suspended animation in space, and 

the effects atmospheric entry on a meteorite might have on such organisms. More research would 

also need to be done to determine likely methods for how life may have originated outside of 

Earth, and how they might have originally made contact with extraterrestrial bodies. While some 

studies looked into some aspects of these questions already, further experiments are necessary to 

gain more understanding about them. 
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The results of this study show promise for the theory of panspermia, but for this and 

similar theories to become more accepted, more work will need to be done by the scientific 

community. Through collaboration between astronomers, biologists, and space programs, 

scientists may be able to discover that life was introduced to Earth in a way that differs from the 

widely held, and largely outdated, theories for the origin of life around today. Whether this 

breakthrough be in supporting the panspermia theory’s credibility, or validating a similar 

alternate origin theory, it will certainly have a profound impact on society and how people think 

about life on Earth.  
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