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Cyanobacteria occupy a unique position among the N2-fixing microorganisms. Cyanobacteria are 

the only oxygenic photosynthetic organisms capable of N2 fixation and they combine it with the 

fixation of CO2. Nitrogenase, the enzyme catalyzing the reduction of atmospheric dinitrogen to 

ammonia is extremely sensitive to oxygen. The occurrence of nitrogenase and the fixation of 

dinitrogen in the oxygenic and aerobic cyanobacteria is therefore an enigma that is still poorly 

understood. Heterocystous cyanobacteria separate dinitrogen fixation spatially from oxygenic 

photosynthesis by confining the former in specialized anaerobic cells (heterocysts). However, 

non-heterocystous cyanobacteria exist, filamentous as well as unicellular, that are capable of 

dinitrogen fixation. Some, but not all, of these organisms separate the incompatible processes in 

time and fix dinitrogen at night. Diazotrophic cyanobacteria play a central role in oligotrophic 

ocean ecosystems by providing the fixed N to support primary productivity. The filamentous 

non-heterocystous cyanobacterium Trichodesmium was thought to be the most abundant and 

active oceanic N2-fixing microorganism until the recent discovery of abundant unicellular 

diazotrophic cyanobacteria. It is still unclear how ecological or physiological constraints 

determine to the geographical range and distribution of diazotrophic cyanobacteria and what 

limits their growth and activity. Evidence from field observations and laboratory experiments has 

revealed that the supply of phosphorus and/or iron or temperature might constrain the growth of 

diazotrophs in the ocean. A few studies have focused on the combination of different factors, 

particularly on the combined effects of O2 and temperature on dinitrogen fixation. The work 

described in this thesis aimed at achieving a better understanding of N2 fixation in cyanobacteria 

and to investigate the factors that control it.  

In the Chapters 2 and 3 I investigated the effect of temperature on the oxygen 

sensitivity of nitrogenase in two heterocystous cyanobacteria (Anabaena variabilis ATCC29413 

and Nostoc sp. PCC7120) and in two unicellular (Gloeothece sp. PCC6909 and Crocosphaera 

watsonii WH8501), using an on-line acetylene reduction assay combined with a sensitive laser 

photo-acoustic ethylene detection method. The results show that nitrogenase activity in Anabaena 

and Nostoc, was highest at 39-42˚C and under anaerobic conditions and that both photosynthesis 

and respiration contribute to nitrogenase activity. However, the individual contribution of 

photosynthesis and respiration depend on both the O2 concentration and the temperature because 

it was discovered that the latter altered the flux of O2 into the heterocyst in a dynamic manner. 
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Nitrogenase activity in the unicellular Gloeothece sp. and C. watsonii was confined to a narrow 

range of O2 concentrations (5-7.5% O2) and temperatures (29-31˚C).  

Because nitrogenase activity and photosynthetic O2 evolution are incompatible, they 

occur temporally separated in the unicellular diazotrophic cyanobacteria, with the former being 

confined to the dark.  Little is known about how N2 and CO2 fixation are controlled and tuned to 

each other in unicellular aerobic N2-fixing cyanobacteria. In Chapter 4 I investigated a time 

course measurement of N2 and CO2 fixation by using stable isotopes (15N and 13C), while 

measuring and quantifying the expression of nifH in C. watsonii. The results hinted to the 

existence of distinct daily patterns of nitrogen and carbon fixation. The expression of nifH and 

the fixation of N2 were out of phase whereas the patterns of N2 and CO2 fixation were opposite. 

The high rates of N2 and CO2 fixation that were observed may underscore the potential 

contribution of C. watsonii to the global oceanic C and N budgets. In heterocystous cyanobacteria 

N2 fixation is performed under anaerobic conditions in the heterocyst. This differentiated cell 

possesses a thick cell envelope that consists of several polysaccharide and glycolipid layers that 

limit the gas diffusion into the cells. Organisms are known to adjust their membrane lipids in 

response to changing environmental conditions, especially with respect to temperature. Thus, in 

Chapter 5, the glycolipid distribution was investigated in several cyanobacteria as well as their 

changes with changing temperature. The results show that long–chain glycolipids were absent in 

all analyzed non-heterocystous (unicellular and filamentous) cyanobacteria as well as in 

heterocystous species when they were grown in the presence of combined nitrogen and therefore 

did not develop heterocysts. This supported the idea that these long-chain glycolipids were an 

important and unique structural component of the heterocyst cell wall. Furthermore, growth at 

different temperatures revealed that the amount of long-chain glycolipids decreased with 

increasing temperature. This suggested an adaptation to optimize the cell wall gas permeability in 

order to achieve a trade-off between the prevention of the inactivation of nitrogenase by O2 and 

allowing the highest possible N2 flux into the heterocyst. 

Using a polyphasic approach (microscopy, biological markers, fractionation of stable 

carbon (δ13C) and nitrogen (δ15N) isotopes and the construction of 16S rRNA gene clone 

libraries), the importance of N2-fixing cyanobacteria in microbial mats was investigated 

(Chapter 6). The results showed that cyanobacteria were the principle mat-building organisms 

on the beaches of North Sea barrier island Schiermonnikoog (The Netherlands), and that  
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diazotrophic species were of particular importance for the development of these mat systems 

since they supply the fixed nitrogen for the microbial community in this nitrogen-depleted 

ecosystem. 

In summary, the results described in this thesis revealed that unicellular diazotrophic 

cyanobacteria are unable to fix N2 under fully aerobic conditions. This suggested that in their 

natural environment these organisms must be exposed to O2 concentrations well below air 

saturation at least during the periods that they actively fix N2 (i.e. during the dark). Furthermore, 

temperature was identified as an important factor for dinitrogen fixation in cyanobacteria. It was 

found that  the O2 flux into the heterocyst was dynamically regulated by temperature.  

 


