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For photochemical utilization of solar energy, the 
splitting of water is one of the most important reactions 
to get hydrogen gas. Though the photochemical hy- 
drogen evolution or oxygen evolution in the presence 
of sacrificial electron donors or acceptors has been 
studied extensively [l, 21, only a few systems of complete 
water splitting have been reported [3]. In this study, 
photochemical water splitting was tried by the com- 
bination of the following half reactions systems. 

1. Oxygen evolution system by the irradiation of the 
grana from green plants in the presence of NADP as 
shown in the left-hand reaction of Scheme 1. 
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Scheme 1. 

2. Hydrogen evolution system from NADH in the 
presence of hydrogenase from Alcaligenes eutrophus, 
which is specific for NADH, as shown in the right- 
hand reaction of Scheme 1. 
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To combine the above two half reactions, ferredoxin 
NADP reductase (FNR) was used, as it can catalyze 
the following reaction 

FNR 

NAD++NADPH eNADH+NADP+ 

The grana from spinach leaves were prepared according 
to the literature [4]. The hydrogenase from A. eutrophus 
was partly purified according to the literature [5]. The 
unit of activity was the amount of hydrogenase used 
to reduce 1 pmol of NAD’ for 1 min in the system 
containing hydrogenase and NAD’ (2.0X 1O-4 mol 
dmp3) in 4.0 ml of a 5.0~ lop3 mol dmp3 Tris-HCl 
buffer (pH 8.0) under 300 torr hydrogen pressure at 
30 “C. 

Photoinduced water splitting was attempted by the 
combination of grana, FNR and hydrogenase. A reaction 
mixture containing grana, NADP+, FNR, NAD+ and 
hydrogenase in phosphate buffer (pH 8.0) was deaerated 
by repeated freeze-pump-thaw cycles. Then the reaction 
was started by irradiation with visible light from a 200 
W tungsten lamp at 24 “C. Light of wavelength less 
than 5.50 nm was removed by a Kenko MC R-l filter. 
Evolved hydrogen was analyzed by gas chromatography 
(Yanaco Co., Ld. G-1800). When the above system was 
irradiated hydrogen evolution was observed, and the 
amount of hydrogen increased with reaction time as 
shown in Fig. 1. When any component was omitted 
from the above system, no hydrogen evolution was 
observed. The amount of hydrogen evolved after 12 h 
irradiation was 0.24 pmol. By using the combination 
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Fig. 1. Time dependence of hydrogen evolution. The sample 

solution (20 ml) contains NADP+ (5.7~ 10e6 mol), NAD+ 

(3.0 x lo-’ mol), grana (2 ml) containing FNR, and hydrogenase 

(100 *I) in 5.0~ 10e3 mol drnm3 phosphate buffer (pH 8.0). The 
reaction was carried out under anaerobic conditions with irra- 

diation of visible light at 24 “C. 
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grana-NADP-FNR-NAD-hydrogenase, photoinduced 
water splitting was accomplished. 

Acknowledgements 

We are grateful to Dr M. Yamagishi and Dr K. 
Oishi, Numazu Industrial Research Institute of Shizuoka 
Prefecture, for kind donation of the fermentor for the 
culture of A. eutrophus and helpful discussions. 

References 

1 J. R. Darwent, P. Douglas, A. Harriman, G. Porter and 

M.-C. Richoux, Coord. Chem. Rev., 44 (1982) 83. 

2 I. Okura, S. Aono and T. Kita, Chem. Left., (1984) 57. 

3 J. R. Benemann, J. A. Berenson, N. 0. Kaplan and M. D. 

Kamen, Proc. Natl. Acad. Sci. U.S.A., 70 (1973) 2317. 

4 M. Shin and R. Oshio, J. Biochem., 83 (1978) 357. 

5 K. Schneider and H. G. Schlegel, B&hem. Biophys. Acta, 

4.52 (1976) 66. 


