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Terrestrial cyanobacteria can be utilized for material circulation for a manned Mars 

mission, because of their photosynthetic ability, nitrogen fixation ability and tolerance to 

extraterrestrial environments. Dried colonies of a terrestrial cyanobacterium, Nostoc sp. 

HK-01, have high tolerances to vacuum, UV, gamma-rays, heavy particle beams and dry 

heat. Nostoc sp. HK-01 has several different types of cells in its life cycle. Akinete (dormant 

cell) is the cell type which has a tolerance to dry heat in Nostoc sp. HK-01. Nostoc sp. HK-01 

would be able to survive under in extraterrestrial environments, and could easily be 

transported to Mars in its dormant state (akinete). Some functional substances which 

provide tolerance against heat exist in the akinete cells. Before we introduce Nostoc sp. HK-

01 to Mars’ environments, we need to understand its growth in an environment with poor 

nutrition. Whether akinetes of HK-01 can grow using components of their dead cells or/and 

Martian regolith simulant was tested. The possibility that colonies of Nostoc sp. HK-01 can 

be grown in an environment with poor nutrition was discussed. Nostoc sp. HK-01 could 

contribute to soil formation from Martian regolith, so that plants could grow. Nostoc sp. 

HK-01 is a good candidate for an initial organism to introduce into the Martian environment. 

Nomenclature 

ISS =  International Space Station 

JEM =  Japan Experimental Module 

LC-ESI-MS =  Liquid Chromatography-ElectroSpray Ionization-Mass Spectrometry 

MRS =  Martian Regolith Simulant 

TKB =  Tsukuba 

I. Introduction 

he preparations for the establishment of a manned Mars mission have been starting and lots of results related to 

the mission have been accumulated1-5. As one of the approaches of a the mission, we have been focusing on the 

study of space agriculture for human habitation on Mars6-8. Terrestrial cyanobacteria are useful as initial organisms 

for environmental preparation for human habitation on Mars, because of their various abilities; photosynthesis, 

nitrogen fixation and drought tolerance9-12. 

A terrestrial cyanobacterium, Nostoc sp. HK-01, which was isolated from Nostoc commune crusts13, can grow 

for a period of 140 days, and also can survive for over eight years on Martian Regolith Simulant (MRS) which does 
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not include a carbon source or a nitrogen source14, 15. This strain has a high tolerance to dry conditions, and 

usefulness as a food16-19. Nostoc sp. HK-01 may be utilized for space agriculture in closed bio-ecosystems, including 

on Mars. 

 

II. Life cycle of Nostoc sp. HK-01 

There are several different types of cells of Nostoc sp. HK-01; vegetative cells which have photosynthetic 

abilities, heterocysts which have nitrogen fixation abilities, hormogonia which are motile cells, and akinetes which 

are dormant cells13, 20, 21. Kimura et al., (2017) determined the exact life cycle of cells in a terrestrial cyanobacterium, 

Nostoc sp. HK-0122. All of types of cells were individually observed during 30-days of liquid incubation. The 

germination process from akinetes was recognized twice during the incubation period. Figure 1 showed all types of 

the observed cells of Nostoc sp. HK-01 during a 24-day incubation period. There are only akinetes at the initial state, 

and a similar picture was obtained after 1-day of incubation (Figure 1-a and b). The vegetative cells were not 

recognized until after 2-days of incubation and elongated vegetative cells were observed after 4-days of incubation 

(Figure 1-c and d). After around 6-days of incubation, hormogonia were observed (Figure 1-e and f). Heterocysts 

were recognized after 8-days of incubation (Figure 1-g). Young akinetes were differentiated among the elongated 

vegetative cells (Figure 1-h and i). After that new matured akinetes (Figure 1-j and k) were re-germinated, and the 

new vegetative cells were elongated again (Figure 1-l and m). Figure 2A shows the growth of Nostoc sp. HK-01. 2.1 

× 106 cells were became 1.2 × 108 cells in 7 days of incubation. The cell types and time course of the number of all 

types of cells during a 30-day incubation period are shown in Figure 2B.  

The life cycle of cells in Nostoc sp. HK-01 was summarized as shown in Figure 3. The revealed cell life cycle 

of Nostoc sp. HK-01 is far different from that of Nostoc commune although Nostoc sp. HK-01 was isolated from the 

colony of Nostoc commune13. Nostoc commune does not have the ability of differentiation from their vegetative cells 

to akinetes23-25.  So, our research group are thinking that the scientific name of Nostoc sp. HK-01 should be changed 

with more other results in near future. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Cell types of Nostoc sp. HK-01 during an incubation 

period of 24 days (Ref. 22). Arrows show heterocyst and 

arrowheads show the young akinetes. Bar shows 20 μm. 
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III. Space Environmental tolerance of Nostoc sp. HK-01 

Radiation, vacuum and temperature make it difficult for organisms to survive in extraterrestrial environments26, 

27. Tolerances to extreme conditions would reduce risk of failure during transportation to Mars28.We have already 

investigated several tolerances of dry colonies of Nostoc sp. HK-01 to extraterrestrial environments under vacuum14 

(10-5 Pa), VUV (172 nm), UVC (253.7 nm), gamma-rays, heavy particle beams (He, Ar), dry cold (-80oC)29-31,and 

dry heat (100oC)32. These results indicate that Nostoc sp. HK-01 would be able to survive in extraterrestrial 

Figure 2. Growth and each morphological cell type of Nostoc sp. HK-01 (Ref. 22). 
A: Growth of Nostoc sp. HK-01 during an incubation period of 7 days. B: Relative 

number of each cell types during incubation period of 30 days.  

Figure 3. The life cycle of cells of Nostoc sp. HK-01 (Ref. 22).  
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environments. We have found that only the akinetes in dry colonies of Nostoc sp. HK-01 have the ability to tolerate 

to heat32. Akinetes can be revived by rehydration even after long-term storage. Nostoc sp. HK-01 would be 

transported to Mars easily in the akinete state (Figure 3). Nostoc sp. HK-01 was adopted as a biological material for 

the “TANPOPO” mission33, 34, because of its high tolerances to extraterrestrial environments. The “TANPOPO” 

mission is performing the space exposure experiments on the Japan Experimental Module (JEM) of the International 

Space Station (ISS)35. The results of these experiments may demonstrate the ability of Nostoc sp. HK-01, especially 

in the akinete stage, to survive in extraterrestrial environments. 

The akinetes of Nostoc sp. HK-01 were able to survive after exposure to 100oC for 10 h32. Some functional 

substances which contribute to Nostoc sp. HK-01’s dry heat tolerance can exist in the akinete, such as compatible 

solute36-39. Kimura et al., (2017) determined the exact accumulation of sucrose in Nostoc sp. HK-01, particularly in 

the group with a high ratio of akinete cells, although there was low accumulation of trehalose (Figure 4)22. These 

results indicate that sucrose may have some role in dry heat tolerance in the case of Nostoc sp. HK-01. The details of 

the mechanisms of sucrose will have to be examined in the next step of this research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. Growth with Martian regolith simulants and incinerated cellular material 

In order to introduce Nostoc sp. HK-01 to Mars’ environments, we need to confirm the growth of Nostoc sp. 

HK-01 in harsh environments, such as those with poor nutrition. On Mars, CO2 and N2 comprise 95.3%, and 2.7% 

of the atmosphere, respectively40. There are not existing Mo and Cu on Mars although they are needed components 

for photosynthesis and nitrogen fixation. If Nostoc sp. HK-01 can grow using components of their dead cells, we 

may be able to reduce the variety and amount of elements which we need to bring to Mars. Inoue et al. (2017) tested 

whether akinetes of Nostoc sp. HK-01 can grow using components of their dead cells and/or Martian regolith 

simulant41. To eliminate the effect of EPS, extracellular polysaccharides, they were removed before the poor 

nutritional test. 

Two kinds of regolith; TKB and NASA, and incinerated cellular material were used as a medium with poor 

nutrition in order to elucidate the abilities of Nostoc sp. HK-01 cells to extract vital nutrition from regolith or cell 

components under harsh environments. TKB regolith was mixed with the materials shown in Table 1. The detailed 

Figure 4. The amount of trehalose (A) and sucrose (B) analyzed by 

LC-ESI-MS, in sample 1 and 2 (n = 3) (Ref. 22). The ratio of akinete 

content in sample 1 and 2 are 4.55 ± 0.52 % and 58.53 ± 2.73 %, 

respectively. 
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method was described previously14. NASA regolith (Table 1) was purchased as a commercial product (JSC Mars-1A 

Simulant, Grain size: 5 mm & Lower, Orbitec, WI, USA). 

 

 

 

   Table 1. The elements of Martian regolith, TKB regolith and NASA regolith, weight %, oxides (Ref40). 

 

 

Each kind of regolith (5 mg) and incinerated cellular material (2 mg) was mixed with distilled water (4 mL) and 

was used as medium for incubation of Nostoc sp. HK-01. The ash of incinerated cells were prepared using a muffle 

furnace (ROP-001, AsOne, Osaka, Japan). Distilled water was used as a control.  

The cells incubated in TKB and NASA regoliths could grow as well as the cells incubated in BG-11. The 

growth rates of cells incubated in TKB and NASA were slightly late compared to the growth rate of the cells 

incubated in BG-1141. There is a possibility that the solubility of needed components from both kinds of regolith 

affected the late of growth. But both kinds of regolith do not contain all of the necessary nutrients for HK-01, 

although BG-11 contains trace amounts of Mo and Cu (Table 1, Kieffer et al., 1992, Ref. 39). The needed 

components would be included in the dead cells in their own colonies.  

Inoue et al. (2017) investigated cell components in the colonies of Nostoc sp. HK-0140, 41. To determine 

whether or not living cells utilized components of their own material, ash made from incinerated cells was used. 

Cells could definitely grow for at least 7 days in only D.W. without BG-11, although the growth rate was lower than 

that of cells incubated with BG-1141. It means that the cells could germinate without nutrition. On the other hand, 

cells incubated in distilled water with ash could grow as well as cells incubated with BG-11. The number of cells in 

each trichome incubated with ash was similar to the number of cells in each trichome incubated with BG-11. These 

results indicate that the mineral composition of cells contribute to the growth of cells incubated with ash. There is a 

possibility that they can be reused in their own colonies, although these elements have not been detected on Mars 

(Figure. 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Nostoc sp. HK-01 has the ability to grow using components 

of Martian regolith, and components of its own dead cells. 
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V. Conclusion 

Various plants can grow on Earth, because there is soil which includes organic matter. To perform agriculture 

using Martian regolith, soil formation is required. Yamashita et al. (2008) proposed a model of agriculture on Mars. 

A 200m2 area of farm land per person is expected to be needed for the core plants, i.e., rice, soybean, sweet potatoes 

and green and yellow vegetables, and a 64m2 area of farm land per person is expected to be needed for the mulberry 

farming for silkworms7. Nostoc sp. HK-01 has the abilities to perform photosynthesis and nitrogen fixation. 

According to the results of our growth test with Martian regolith simulants and incinerated cellular material,  Nostoc 

sp. HK-01 can be grown in an environment with poor nutrition such as Mars. Nostoc sp. HK-01 could contribute to 

soil formation from Martian regolith, so that plants could grow. Additionally, Nostoc sp. HK-01 could be 

transported to Mars easily, because of its high environmental tolerances in akinete state and of its right weight in 

dried state. We have already confirmed that the weight of dried colonies of Nostoc sp. HK-01 is approximately 

1/100 of its wet colonies43. Therefore, Nostoc sp. HK-01 is a good candidate for an initial organism to introduce into 

the Martian environment. Additionally, there is a possibility that, active substances which contribute to tolerance to 

extraterrestrial environments found in cyanobacteria, give a similar tolerance to other photosynthetic species. The 

abilities of terrestrial cyanobacteria, especially Nostoc sp. HK-01, to tolerate harsh environments, grow, and produce 

soil from Martian regolith should be studied further for a manned Mars mission. 
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