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研究成果の概要（和文）：短時間の強光を用いることで藍藻の生育を抑制することができる。強光によって、そ
れらの生理と成長行動が変化する。藍藻の酸化ストレスは光強度の増加とともに増加する。しかし、反応は種異
的である。長時間の極端光 (850~900 PAR)では、細胞は強光照射に適応している。ストレスが解消されると、細
胞は積極的に回復する。暗黒暴露(30日)は藍藻を完全に変色させるが、迅速に回復する。単独の極端光は藍藻の
生育を有望に抑制できないことが理解できる。水生植物のアレロパシーは異なる光条件を結合することで有効に
藍藻の生長を抑制できる。この研究の結果、強光とアレロパシーを組み合わせることで藍藻を抑制することがで
きる。

研究成果の概要（英文）：Cyanobacteria growth can be suppressed using extreme light exposure for a 
shorter duration. Due to the extreme light, their physiology and growth behaviors were altered. 
Oxidative stress of P. ambiguum and M. aeruginosa increased with the light intensity. The responses 
were species-specific. Under long-duration extreme light (850 - 900 PAR), M. aeruginosa cells were 
adapted to stress. When the stress is removed, cells recovered rapidly. Darkness exposure (30 d) 
completely discolored M. aeruginosa and P. galeata, but were recovered aggressively. It is 
understood that extreme light alone cannot continously suppress cyanobacterial growth. The Egeria 
densa allelopathy combined with light conditions can effectively suppress the M. aeruginosa. The 
outcome of this research is that cyanobacteria can be suppressed by combining high light exposure 
and allelopathy.

研究分野：応用生態工学
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研究成果の学術的意義や社会的意義
水システムでの藍藻の生長は大きな問題である。飲用水問題、中毒、嫌な匂いと審美価値の喪失により、藍藻は
社会に影響を与える。しかも、Egeria densaは侵襲的な大型植物である。地球温暖化により、日本を含めてE. 
densaの伝播が増加する。現在の研究結果により、侵入種の生産利用は生物学的に藍藻の生長を抑制できること
が分かった。この方法は藍藻の物理と化学制御と比較して、より安全で費用効果がある。極端な光照射による細
胞硬化と藍藻の積極的な曝露後の回復は新たな発見である。生理パラメータと形態パラメータとの関係が得られ
る。これらの関係は藍藻の生育やストレスのシミュレーションや予測に重要である。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
Cyanobacterial growth in water bodies is a widely discussed environmental topic in many 
parts of the world due to the excessive environmental problems they cause. Among these 
problems, water toxification, bad odors, clogging of water supplies, and loss of esthetic values 
are significant. The health hazards caused by cyanotoxins are extensive—temporary sickness 
to organ damage or even death can result when cyanotoxin-contaminated water is consumed. 
Various measures have been proposed or are currently practiced for cyanobacteria control, 
and these can be mainly categorized as chemical, physical, and biological methods. Biological, 
chemical, and physical factors collectively determine the occurrence and distribution of 
cyanobacteria in the environment. Physical factors, such as temperature and light, influence 
the growth and distribution of cyanobacteria. Previous research have confirmed the 
unfavorable light conditions bring oxidative stress to photosynthetic species, including 
cyanobacteria. The photosynthetic species produce reactive oxygen species (ROS) as a 
byproduct of the photosynthesis process, which is harmful when accumulated in cells. 
Therefore, a balance between ROS generation and antioxidant activities is required to 
maintain cell homeostasis. Unfavorable conditions, including excess light, can disturb this 
balance, leading to oxidative stress. Therefore, focusing on extreme light (unfavorable) 
exposure to control cyanobacteria is important to strengthen cyanobacteria control further.  
 
２．研究の目的 
The cyanobacterial control measures like air bubbling and mixing can suppress the growth 
of cyanobacteria by pushing them to depths in which the light intensity is not enough for the 
growth. This can be achieved in water bodies with high water columns. Also, the cost of 
operation of circulatory systems is high due to the consumption of a large amount of energy. 
Further, for shallow water bodies, those methods cannot apply. The ROS-induced inhibition 
can be promoted by subjecting cyanobacteria to high light; it will be more convenient, cost-
effective, and can be applied to shallow water bodies.  
The suppression of cyanobacteria using highlight is required extensive research on oxidative 
stress, antioxidant responses, suppression, and recovery of cyanobacteria since the current 
research is not sufficient. The present research was conducted to extensive knowledge on 
stress responses of cyanobacteria and to suggest a sustainable method to suppress 
cyanobacterial growth.  
 
３．研究の方法 
(1) Cyanobacterial species Pseudanabaena galeata and Microcystis aeruginosa were exposed 
to different light intensities (0, 10, 30, 50, 100, 300, and 600 μmol m-2 s-1) for 2 and 8 days, 
under controlled conditions. The growth, pigmentation, oxidative stress, and antioxidant 
responses were quantified. The fitting of the data with different growth models was checked.  
 
(2) Phormidium ambiguum and M. aeruginosa were exposed to diurnal light-intensity 
variation to investigate their favorable and stressed phases during a single day. The 
photosynthetically active radiation (PAR) started at 0 μmol m-2 s-1 (06:00 h), increased by ~25 
μmol μmol m-2 s-1 or ~50 μmol m-2 s-1 every 30 min, peaking at 300 μmol m-2 s-1 or 600 μmol 
m-2 s-1 (12:00 h), and then decreased to 0 μmol m-2 s-1 (by 18:00 h). The growth, oxidative 
stress, and antioxidant responses were quantified.  
 
(3) M. aeruginosa was exposed to extreme light (850-900 μmol m-2 s-1) for 8 days, and the 
changes in response to the light exposure were observed. Post-exposure recovery 
performances were accessed by allowing Cyanobacteria to recover under optimum conditions 
for 8 days. The growth, pigmentation, oxidative stress, and antioxidant responses were 
quantified. 
 
(4) M. aeruginosa was exposed to different flow velocities (0, 0.4, 0.8 and 1.2 m s-1) under 
different light intensities (0, 50, 300, 700, 1200 μmol m-2 s-1). A new flow simulation system 
was designed. Cyanobacterial stress responses were quantified.  
 
(5) The effect that the coexistence of E. densa on M. aeruginosa was tested under different 
photosynthetically active radiation (PAR) intensities. The growth, chlorophyll-a, oxidative 
stress, and antioxidant activities were quantified after 7 days of coexistence with E. densa. A 



control experiment without E. densa was conducted for M. aeruginosa under the same 
conditions to distinguish the effect of the PAR intensity from the allelopathic effect. 
 
４．研究成果 
(1) The OD730, chlorophyll content, oxidative stress and antioxidant responses of P. galeata 
and M. aeruginosa were negatively affected by PAR intensity >30 and < 50 μmol m-2 s-1. The 
30 – 50 μmol m-2 s-1 PAR range can be considered as the favorable range for both species. M. 
aeruginosa has a higher tolerance for extreme light conditions compared with P. galeata. The 
growth responses of the two species were fit with simulated results of three growth models 
(Figure 1). 

 
Figure 1. Growth rates of Pseudanabaena galeata and Microcystis aeruginosa as a 
function of light intensity at different time intervals (a) 2 days and (d) 8 days. The 
observed data are fitted with Model proposed by Steele (Model I), Platt and Jassby 
(Model II) and Peeters and Eilers (Model III). 

(2) P. ambiguum and M. aeruginosa are highly responsive to the diurnally varying PAR 
intensity. H2O2 and antioxidant levels increased with the gradually increasing light 
intensities (300 or 600 μmol m-2 s-1 PAR) and reduced light intensity. However, the response 
curves were species-specific (Figure 2).  
 

 
 
 
 
 
 
 
 
 
 

Figure 2. Diurnal variations in the H2O2 contents of Phormidium ambiguum and Microcystis 
aeruginosa. The numbers 300 and 600 represent the maximum photosynthetically active 
radiation (PAR) intensities for two different treatment conditions, where the maximum PAR 
intensity was reached at 12:00 h. The error bars represent the standard deviations. 
 
(3) M. aeruginosa can adjust its physiology and growth to continue exposing extreme light 
(850–900 µmol m-2 s-1 PAR), to surpasses the stress period. The post-stress recovery capacity 
was aggressive and was positively correlated to the exposure duration. These findings 
suggest that exposure to light stress causes the hardening of M. aeruginosa (Figure 3). This 
finding highlights the research requirement on the post-stress recovery capacity of M. 
aeruginosa and highlights stress exposure suppression of cyanobacteria should be carefully 
conducted. 
 



 
Figure 3. Optical density (OD730) of Microcystis aeruginosa under extreme light exposure 
and the OD730 of the same samples after 8 days recovery. ‘Exposure’ represents the diurnal 
variation of OD730 under high light exposure and the ‘Recovery’ represents the OD730 of the 
same samples after 8 days of recovery. 0D, 2D, 3D, 6D, and 8D represent the days. 
 
(4) Under the combined effect of flow velocity and high light exposure, M. aeruginosa showed 
mixed responses and found that the velocity can be beneficial to escape from high light 
conditions (Figure 4).  
 

 
Figure 4. The relative change of cellular H2O2 content of Microcystis aeruginosa under 
different light intensities and flow velocities.  
 
(5) The allelopathy of E. densa on M. aeruginosa is significantly influenced by the PAR 
intensity. PAR intensities lower or higher than the favorable range (50–100 µmol m-2 s-1) 
further suppressed M. aeruginosa under coexistence (Figure 5). Research has revealed that 
the allelopathic effect of E. densa can be utilized to biological suppression of M. aeruginosa 
under various light conditions. Interestingly combine with moderately high light is enough 
for such control. Therefore, we recommend combining biological control measures and light-
induced stress to suppress cyanobacteria rather than extreme light exposure. 
 

 
Figure 5. Change of the optical density (OD730) from starting OD730 of  Microcystis 
aeruginosa.  The exposure period is 7 days. X-axis is PAR in µmol m-2 s-1. “Control” and 
“Combined” represent the M. aeruginosa only and Egeria densa-M. aeruginosa coexistence 
conditions, respectively. 
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