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1. Introduction

Lake Biwa provides tap water to over 14 million residents in the Keihan region. In 1969, a

problem of musty smell in tap water has occurred due to sudden propagation of a certain green 

filamentous cyanobacterium. The filamentous cyanobacterium was reported as Phormidium 

tenue (Menegh.) Gomont and 2-methylisoborneol (2-MIB) was identified as a causative 

substance [1]. However, results of our soft X-ray microscopy (XM) observation suggested the 

necessity of reidentifying of it. Recently, it has been reidentified as Pseudanabaena foetida nom. 

nud. based on TEM observation and genetic analysis [2]. To provide an effective maintenance 

management for water quality of reservoir, understanding of environmental factors and growth 

curve phase which influence 2-MIB production are needed. However, there is little information 

about them. To obtain a microstructure at various growth curve phase, P. foetida was observed 

using a soft XM with much higher resolution than conventional light microscope.  

2. Experimental

P. foetida which was isolated from Lake Biwa was grown in the conventional culture

condition [3]. The cultures were illuminated with fluorescent lamps, which provided 100 μmol 

photons m-2 s-1 of photosynthetically active radiation. The XM observation was performed 

using the BL-12. The cell suspension dropped onto a polyimide thin film (thickness < 350 nm) 

[4] or silicon nitride (SiN) thin film (thickness: 100 nm) (SIRN-5.0-200-1.0-100, Silson Ltd.).

After air-dried, the samples were observed by XM at a wavelength of 2.0 nm and 2.33 nm at 

room temperature. TEM observation was also performed using JEOL JEM 1400 electron 
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microscope. Agar embedded cells were cut into small cubes and postfixed. After dehydrating, 

the same method as in the previous report was carried out [4]. 

3. Results and Discussion

Figures 1 show X-ray micrographs of air-dried P. foetida. Two cells are shown. Focusing on

the left side cell, two characteristic structures are observed. One is a granular structure (black 

arrowheads) and the other is an irregularly shaped structure (black arrows). The irregularly 

shaped structures are also observed in the right side cell. The granular structures are only 

observed at 2.0 nm (the shorter wavelength region close to the oxygen K-edge). In previous 

paper, our investigation indicated that the granule was identified as a microstructure containing 

oxygen element, such as polyphosphate granule [4]. The irregularly shaped structures are 

observed at both 2.0 nm and 2.33 nm (the longer wavelength region close to the oxygen K-

edge). The irregularly shaped structures have been observed during cell division period, while 

the granular structures have not been observed during the period. Although prokaryotic cells 

lack a nucleus, they have a nucleoid. The nucleoid is an irregularly shaped region within the 

prokaryotic cell (Fig. 2). In addition, carbon is a main component of the nucleoid and the 

concentration of nucleoid depends on the various cell cycle phases. The result suggests that the 

irregularly shaped structure is identified as a nucleoid.  
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Fig. 2  TEM image of P. foetida on 

cell division. Black arrowheads show 

nucleoid. 

(B) (A) 

Fig. 1  XM images of P. foetida. observed at 2.0 nm (A) and 

2.33 nm (B). Black arrowheads show granular structures and 

black arrows show irregularly shaped structures. 
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