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INTRODUCTION

In response to the Climate and Energy Crisis the “U.S. National Clean Hydrogen 

Strategy and Roadmap” stresses the importance of developing Zero- and Low-

Carbon Hydrogen to a “sustainable and equitable clean energy future.” 
(Bipartisan Infrastructure Law(BIL) provides $9.5 Billion for Clean Hydrogen Development; 

Inflation Reduction Act (IRA) provides additional incentives and production tax credits.)

2021 Hydrogen Energy Earthshot to Stimulate Private Sector Investments.

These Developments and Stimulation from WAAS led us to again consider the 

possible role of the haloalkaliphile Spirochaeta americana isolated from Mono 

Lake for  the anaerobic fermentative production of  Zero-Carbon Biohydrogen. 
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1939: Gaffon1 reports molecular hydrogen released from water by photosynthetic 

activity of green algae Scenedesmus obliquus.

1993: Taguchi2 reports isolation of hydrogen-producing bacterium from termites

2002: Siebert et al. 3 clone and sequence hydrogenase genes (hydA1 and hydA2) 

from the green algae Chlamydomonas reinhardtii. Hydrogen from algae high 

efficiency - may  suffer from inhibition by O2  produced during photosynthesis.

2003: Hydrogen shown to be primary end product of fermentative metabolism of 

sugars by novel anaerobe from Mono Lake.4 NASA/MSFC funds research on 

hydrogen production by Spirochaeta amaricana for potential application for 

providing continual supply of hydrogen for fuel cells on Space Station and long 

duration space flights for human explorations of the Moon & Mars. 5

Biohydrogen Production
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INTRODUCTION

1996-Dr. David McKay reports evidence for 

nanofossils in 3.2 Gya Mars meteorite ALH84001

1997-NASA/MSFC Astrobiology group formed to study 

Microbial Extremophiles and Microfossils in Meteorites



NASA Astrobiology Expeditions 

Search for life in Earth’s Most Hostile Environments 

Permafrost and Ice of Siberia, Alaska & Antarctica as 

Analogs for Polar Ice Caps of Mars and Icy Moons

Carnobacterium pleistocenium Sanguibacter gelidistatuarii Williamwhitmania taraxaci



Microbial Life in Endorheic Basins 
Life in closed hypersaline alkaline lakes/evaporates as terrestrial 

analog for life in endorheic volcanic basins/impact craters of Mars

Vestatitas Borealis

Korolev Crater

Owens Lake

Image of Mono Lake in Long 

Valley Caldera  by Landsat 7 

Spirochaeta americana

Tindallia californiensis

Desulfonatronum thiodismutans

Spirochaeta dissipatitropha

Anaerovigula multivorans

Volcanic Paoha Island with a hot (~90 oC), sulfurous, alkaline springs emerged 

350 years ago in center of endorheic, soda Mono Lake in northern California

Volcanic/Impact craters on Mars



Sampling of Mono Lake

August 15, 2000: Black mud with strong 

H2S odor sampled anaerobically from 

south shore under shallow water with 

Temp.  21.6 oC; Salinity 7%; pH 9.9 

Spectacular Tufa (CaO; CaO2) and 

Ikaite (CaCO3
. 6H20) columns on south 

shore of soda Mono Lake in California



Primary Producers of Mono Lake
Small Pennate Diatoms and Picocyanobacteria

KOCIOLEK, J. P & HERBS, D.B. (1992) Taxonomy and Distribution of Benthic Diatoms from Mono Lake, California, 

U.S.A.‘(1992) Trans. Amer. Micros. Soc. 111, 338-355.(

Cyanobium sp.



Extremophiles of Mono Lake

2001: NASA/NSSTC Dr. Elena V. Pikuta obtains 

enrichment cultures & isolates 3 novel strains: 

MLF1T - Anaerobic, alkaliphilic, magnetotactic, 

sulfate reducing lithoheterotroph capable of growth 

on hydrogen without organic source of carbon

ASpG1T - Obligately anaerobic, haloalkaliphilic, 

sugar-lytic, hydrogen-producing spirochaete.

APOT – Obligately anaerobic, extremely 

haloalkaliphilic, spore-forming acetogen



Extremophiles of Mono Lake



Spirochaeta americana ASpG1T

Dr. Elena Pikuta obtained enrichment cultures & isolated novel strain ASpG1T;  

an obligately anaerobic, mesophilic, haloalkaliphilic, chemoheterotrophic, 

sugar-lytic, gram negative, motile helical spirochaete with single flagellum in 

periplasmic space. Since Spirochaeta americana requires carbonate & sodium 

ions and exhibits no growth at  pH 7 it is therefore free-living, non-pathogenic.



Spirochaeta americana ASpG1T

S. americana yielded ~80-90% hydrogen - more than all other species 



2016 Spirochaeta americana ASpG1T reclassified in new genus Alkalispirochaeta

Alkalispirochaeta americana ASpG1T

Sravanthi, T., et al. (2016) Alkalispirochaeta cellulosivorans gen. nov,, sp. nov., a cellulose-hydrolyzing, alkaliphilic 

halotolerant bacterium isolated from the gut os a wood-eating cockroach (Cryptocercus punctulatus) and 

reclassification of four species of Spirochaeta as new combinations within Alkalispirochaeta gen. nov.… IJSEM 66, 

1612-1619.



Heat value (~142 MJ/kg) of Hydrogen is > 2.7X times petroleum 

fuels. Main H2 production method today is steam reforming of 

fossil fuels but contribution to Climate Change is not sustainable. 

Clean Hydrogen is main metabolic product of fermentation of 

sugars by non-pathogenic, anaerobic Spirochaeta americana.

Further research needs to be conducted into developing low-cost as 

feedstocks such as sugars from alkaliphilic benthic diatoms, 

picocyanobacteria or carbohydrate-rich organic wastes and 

scaling the technology to Industrial Levels. 

Potential Applications of Spirochaeta americana
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CONCLUSIONS
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