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Introduction:  In the Earth, a variety of energy 

metabolisms support microbial activities. For example, 
methanogenesis, sulfur-oxidation, photosynthesis gen-
erate energy for synthesizing essential organic materi-
als from CO2. But there is a question which energy 
metabolisms maintain the early life activity. To clarify 
this very important question for the origin of life, we 
have expected that metals in microbial cells become 
one of possible biosignature for seeking the early mi-
crobial activities. 

Many of enzymes involved in energy metabolisms 
contain metals in their structure. For example, hydro-
genase, a key enzyme for hydrogen oxidation, contains 
nickel and iron [1]. And also nitrogenase, a key en-
zyme for nitrogen fixation, contains molybdenum and 
iron [2]. These metal-containing enzymes are called 
metalloprotein. These metals are essential for catalyz-
ing those reactions. 

From the insight of metal, we thought that there is a 
metal composition pattern in each energy metabolic 
pathway. For example, methanogenesis are dominated 
by nickel-containing metalloproteins including hydro-
genase, methyl-CoM reductase, CO dehydrogenase / 
acetyl-CoA synthase complex (Fig. 1)[3]. However 
there are no nickel-containing enzymes in aerobic 
methane oxidizing pathway that is formed by several 
copper-containing metalloproteins including particle 
methane monooxygenase. These observations suggest 
that the metal compositions in a microbial cell define 
its energy metabolic pathway. So we analyzed metal 
composition of several chemosynthetic microbes. 

Methods: To prove above hypothesis, we tried to 
analyze the metal components from several chemosyn-
thetic microbes including methanogen, sulfur-
oxidizing bacteria, and aerobic methanotroph. After 
extracting total protein from these microbes, we de-
termined the metal compositions by using ICP-MS 
(Inductivity coupled plasma mass spectrometry). 

Results and Discussion: The results indicated that 
the metal components of total protein from microbial 
cells represented their energy metabolisms. The 
amount of nickel in total protein from a hyperthermo-
philic methanogen was about 100-fold higher than that 
from aerobic methanotrophic bacteria. On the other 
hand, the amount of copper from the methanogen was 

about 10-fold lower than that from the aerobic metha-
notroph. These results indicated that metal composi-
tions define which energy metabolism the microbe 
perform. Therefore the metal composition of protein 
may be a biomarker.  

Other than the metal composition in a microbial 
cell, the metals may be able to be possible biomarker. 
For example, Cameron et al. recently showed that the 
isotope fractionation of nickel was observed in several 
methanogens [4]. In this conference, we will show 
detailed our results of this study and discuss this life 
metal project as a potential tool for seeking the biosig-
nature of the early life. 
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Fig. 1. Methanogenesis is constructed by many of 
nickel (Light green) and/or iron (red) metalloprotein. 
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