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Abstract 
Photosynthetic properties of a terrestrial cyanobacterium, Nostoc commune were investigated by means of Gas 

Chromatography/Mass spectrometry (GC/MS). Cyanobacteria consume oxygen and release CO2 by respiration in the 
dark while they evolve oxygen and absorb CO2 by photosynthesis in the light. Simultaneous measurement of evolved 
oxygen and incorporated CO2 under the light is essential for photosynthesis research. However, the measurement of 
oxygen released to the atmosphere by terrestrial cyanobacteria is technically tricky, since the level of oxygen evolved 
by photosynthesis is much smaller than atmospheric oxygen. Since oxygen released by photosynthesis originates from 
the water molecule, 18O-labeled H2O enables specific detection of oxygen evolved by photosynthesis by means of 
GC/MS. This method allows discrimination of dioxygen molecule level by photosynthesis from bulk oxygen in the 
atmosphere. The molar ratio of oxygen to incorporated CO2 under illumination was not unity but higher by 10 to 40%. 
The result that more oxygen was evolved compared with incorporated CO2 indicates that electrons extracted from water 
reduce not only CO2 but also some other electron acceptor(s), including the reduction of O2 and H2O2 in the Water-
Water cycle. 
 

 

  
Chl Chlorophyll 
Ci Inorganic carbon 
DCMU 3-(3,4-dichlorophenyl)-1,1-dimethylurea 
Flv Flavodiiron 
GC/MS Gas Chromatography/Mass Spectrometry 
HEPES 4- (2-hydroxyethyl)-1-piperazineethanesulfonic acid 
NADPH Nicotinamide Adenine Dinucleotide Phosphate reduced form 
SOD SuperOxide Dismutase 
Synechocystis 6803 Synechocystis sp. PCC 6803 
WWC Water-Water Cycle 
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GC/MSを用いたNostoc commune における光合成特性の解析 
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2.   
2.1  

N. commune 

 
Synechocystis 6803 SA BG11 [22]

 
 
2.2 [23] 

N. commune 2 mL

7,000 × g, 5 min, 25  CE 15RX HITACHI
350 nm~750 nm SHIMADZU MPS-2450

Chl  
[Chl]=13.42×(A665-A750) [μg/mL] 

 
2.3 GC/MS  

H218O 18O 98% 15%
GC/MS N. commune

30 15% H218O N. commune
250 μL 100 μL

Valco Instruments Co.
50 μL 20 μL GC/MS 3

3 4
180 μmol photons/m2 s CO2

16O18O 100 W CABINCS-15 L

4 Synechocystis 6803 15%
H218O N. commune  

GC/MS GCMS solution SHIMADZU CO2 16O18O
O2 21 CO2 0.04

16O 99.75% 18O 0.205  

16O18O 15% H218O
85% H216O 18O18O 0.15 0.15=0.0225, 16O18O

2 (0.15 0.85)=0.255, 16O16O 0.85 0.85=0.7225 16O18O
1/0.255 3.92

CO2  
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CO2 CO2  
GC/MS-qp2010 Plus SHIMADZU

[6]  
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2.3.1 NaHCO3  
N. commune 15% H218O H2O

NaHCO3 0.5 mM NaHCO3, 10 mM HEPES-NaOH (pH7.0)
30 2.3 GC/MS CO2

16O18O  
 
2.3.2 DCMU  

N. commune 1.5 ml DCMU 10 μM DCMU, 
10 mM HEPES-NaOH (pH 7.0) 30 2.3 GC/MS CO2

16O18O  
 
2.4  

DESAGA FRIGOSTAT (DESAGA )  25 
980 μmol photons/m2 sec R-61

N. commune 10 mM HEPES-NaOH pH 7.5
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Fig. 1 CO2 consumption/evolution and 16O18O evolution in N. commune 

The sample was swollen by 15% H218O overnight. Gas concentration was monitored in the dark for 
80 min, in the light for 80 min and then in the dark for 60 min. Closed circles, partial pressures of 
16O18O and closed triangles, concentrations of CO2. 
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Fig. 2 Effects of CO2 concentration on photosynthesis and respiration in N. commune. 
 16O18O evolution and CO2 consumption/evolution under (A) atmospheric condition (21% O2, 400 ppm 
CO2) and (B) high CO2 condition (21% O2, 2000 ppm CO2).  Closed circles, partial pressures of 16O18O 
and closed triangles, concentrations of CO2. Arrows indicate the time at which CO2 concentration started 
to increase after cessation of illumination. Broken lines indicate the time to switch from fast to slow oxygen 
evolution. 
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Fig. 3 16O18O evolution under continuous illumination in N. commune and Synechocystis 6803. 

Partial pressures of 16O18O were monitored for N. commune (closed circles) and Synechocystis 6803 
(closed triangles). 
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Fig. 4 Effects of NaHCO3 on CO2 and 16O18O concentration in N. commune under continuous 

illumination. 
Triangles indicate partial pressures of CO2 and circles indicate those of 16O18O. Open symbols 
indicate those in the absence of NaHCO3 and closed symbols indicate in the presence of 0.5 mM 
NaHCO3, respectively. 

Table 1 Photosynthetic activities in the presence or absence of NaHCO3. 

 0.5 mM NaHCO3 
methods 

GC/MS O2 electrode 

N. commune 
 1.28*1 138*2 
 1.28*1 132*2 

Synechocystis 6803 
 97.59*2 83.1*2 
  103.1*2 

*1:[μmol CO2/mg dw h], *2:[μmol CO2 or O2 /mg Chl h] 
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Fig. 5 Effects of DCMU on CO2 consumption/evolution and 16O18O evolution in N. commune. 

Triangles indicate partial pressures of CO2 and circles indicate those of 16O18O. Open symbols, 
partial pressures in the absence of DCMU, closed symbols, those in the presence of 10 μM DCMU. 
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Fig. 6 Oxygen evolution and consumption by Water-Water Cycle on photosynthesis by use of H218O. 
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Fig. 7 Effects of ambient O2 concentration on oxygen evolution activity in N. commune. 

The sample was encapsulated in a vial. The air in the vial was replaced with nitrogen and O2 was 
introduced. O2 concentrations of gas phase were 10,000 ppm (1%), 2,000 ppm, 600 
ppm, 0 ppm, respectively. 
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