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The Ancient (1940－1945) and Recent History of Nitrogen Fixation Research 

Division of Biological Chemistry，Department of Agricultural Chemistry， 

The University of Tokyo 

 
The Birth of Nishina Yoshio’s Laboratory at RIKEN. 
The research of biological nitrogen fixation in Japan started in the laboratory of 

Nishina Yoshio at RIKEN (Institute for Physical and Chemistry).  
Nishina Yoshio came back from Niels Bohr Institute, Copenhagen in 1931 and he 
had been a witness of the birth and growth of quantum mechanics through 8 years 
stay and built up his own laboratory at RIKEN in 1937.  

Yukawa Hideki and Tomonaga Shinichiro both entered Kyoto University in 1923 
and majored in physics. Both embarked on a project to learn quantum mechanics. 
Shortly after their graduation from Kyoto University, the two traveled to Tokyo to 
attend the lectures that Dirac and Heisenberg gave at RIKEN during their visit to 
Japan in 1929. Tomonaga completed the work for his bachelor’s degree in physics in 
1929. He became an unpaid assistant and remained in Kyoto for three years. 

When Nishina lectured in Kyoto in 1931, Tomonaga came to his attention. 
Nishina invited Tomonaga to work at RIKEN. He accepted and was appointed as a 
paid assistant in Nishina’s laboratory.Nishina’s keen intellect and supportive attitude 
helped to create a stimulating environment at RIKEN. His laboratory became the 
locus of an active community. The history of fundamental physics and hemistry and biology in Japan are 
intimately related to the carrier of Nishina, and certainly its most influential scientists during the second world 
war of the twentieth century. 

In 1937 Nishina succeeded in constructing a cyclotron and started the research of biological nitrogen fixation 
using radioactive compound such as 14C, 13N and 31P produced by the cyclotron. During the world war second, the 
research of nitrogen fixation was important for the food supply and this project was one of the national projects. 

Immediately after Hiroshima was attacked in the summer of 1945, Nishina 
went to Hiroshima to judge that Hiroshima was attacked by the atomic bomb. 
I suppose that he was heavily irradiated at that time which caused liver cancer 
and passed away very quickly which was unexpected and was a great loss.  

He invited Nakayama Hiromi to RIKEN, but he was a graduate student of 
botany at The University of Tokyo. Nakayama had reported what was going on 
in this group in the bibliography of Nishina Yukio published in 1967. The title 
of his essay was “The study of plant physiology using radioactive compounds as 
a tracer”. 
Tomonaga organized a research group at RIKEN to investigate ways to 
overcome quickly the food shortages by using photosynthetic process 
participants but this was not successful. 

Here I want to focus on the research of 
nitrogen fixation.  
Exchange Reaction between Gaseous and 
Combined Nitrogen 
Y. Nishina, T. Iimori, H. Kubo and Y. 

Nakayama. J.Chem.Phys.vol.9 (1941), 571 
This was a first and the last paper. Dr. Hideo Kubo discovered 

leghemoglobin which was published in German language. 
And he started his research on nitrogen fixation using A.vinerandii and root 
nodules of soybean using 13N, the half time of which was 13 min. He said that 
it was not an ideal radioactive compound. A mutant of Rhizobium japonicum 
called as ineffective mutant was discovered. I guess that it was a mutant of 
NifA gene. But nobody has checked it. 

At the end of war GHQ judged that the system of RIKEN was one of 
Konzern and ordered to destroy not only the cyclotron but the system of 
RIKEN itself. All members of scientists were scattered. Therefore, it took a 
long time to recover from the damage. 

When I graduated from The University of Tokyo with a bachelor’s degree, 
I was employed by Kaken Chemical Corp LTD. I was engaged in the production of streptomycin and blasticidin 
(agricultural medicines) discovered by Dr. Sumiki Yusuke. At that time, Dr. Kubo Hideo and Dr. Nakayama 
Hiromi were leaders as successors of Dr. Nishina Yoshio. Both of them had got news that Prof. Funahashi 
Saburou was going to start the research on nitrogen fixation. They suggested me to join this project as a graduate 
student. They were close friends at RIKEN. Dr. Kubo and Dr. Nakayama were members in Nishina’s laboratory 
and Funahashi was a member of Dr. Suzuki Umetarou (Head of Biological Chemistry). 
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In 2008, a chance was given to me to participate as a member of 

bioengineering research center (BERC) at Kogakuin University. I was 
interested in the research of Dr. Dilip Gadkari in the group of Prof. Ortwin 
Meyer. Therefore I visited Bayreuth University to see him and started our 
collaboration. I decided to study superoxide dismutase dependent 
nitrogenase (Sdn) of Streptomyces thermoautotrophicus which was isolated by Dr. 
Dilip Gadkari from the warm overlay of a charcoal-burning heap in the 
Black Forest in 1992. This nitrogenase system is very unique. It consists of 
two components, but the large component is an α, β，γ－heterotrimer that 
contains Mo, Fe and sulfide. The smaller component is a homodimeric 
manganese-containing superoxide oxidoreductase rather than Fe protein. 
The uniqueness of this nitrogenase is demonstrated by the facts that O2, CO, 
H2 and MgADP, all of which are potent inhibitors of N2 reduction catalyzed 
by the conventional nitrogenase systems, are without effect on its 
N2-reduction activity. The nitrogenase does not catalyze the reduction of 
acetylene to ethylene.  

Our final goal is to construct a small bioreactor with the recombinant 
three proteins and SOD in vitro.  

We hope that we are going to ask right direction.  
Finally, I am very happy to be here and to learn recent development of the research of nitrogenase systems 

of various plants, bacteria and symbiotic systems.  
I will express my heart’s welcome to all scientists from abroad and I also express many thanks to Prof. 

Kiwamu Minamizawa for his efforts to organize this congress  
 

－Chronology of the research of biological nitrogen fixation－ 

Ph.D. Thesis; Study of Symbiotic Nitrogen Fixation.  
I have got Ph.D. in 1967 from Prof. Saburou Funahashi. I was using 15N and D2 instead of 13N and 3H.  
I presented my work at International Congress of Biochemistry in 1967 whose chairman was Prof. Fujio Egami, The 
University of Tokyo. 
K. Onodera, Yoshiharu Maruyama (my mentor) and S. Funahashi  
Symbiotic Nitrogen Fixation 
 
Y. Maruyama, K. Onodera, T. Suzuki, M. Miyakawa and S.Funahashi 
Symbiotic Nitrogen fixation, 1st Symposium of nitrogen cycle on the earth pp.116-128 (1967) in Japanese 
 
Y. Maruyama, T. Suzuki, K. Otabe 
Nitrogen Fixation in Marine Environment on Microbial Activities  
The Effect of the Organic Substrate on Acetylene Reduction, University Park Press (1974) pp.314-353 
 
T. Suzuki, Y. Maruyama 
Studies on hydrogenase in legume root nodule bacteroids; Effect of ATP. Agri.Biol.Chem vol.43 (9) pp.1833-139 (1979) 
 
T. Suzuki, Y. Maruyama, M. Nakamura 
Hydrogen uptake and methylene blue reduction activities of hydrogenase in Azotobacter agile ibid. vol.43 (10) 
pp.2067-2073 (1979) 
 
 
 
 
 
 
 
 
 
 
 
 


