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Measurement of Cyanide-Resistant Respiration in Leaf Blade of Rice by Use
of Oxygen Isotope Discrimination

Yoshihiko Hirai, Takayuki Masaki, Makoto Miyoshi
Toshi Yamada, Takenori Saitou, Kiyohiro Nakai
and Makoto Tsuda
(Department of Applied Plant Science)

A reduction in the dark respiration of rice may improve dry-matter production and yield. To
explore the possibility of controlling cyanide-resistant alternative respiration, of which energy
production efficiency is low, we constructed a measuring system for cyanide-resistant respiration
in leaf blades of rice with the use of oxygen isotope discrimination. Dark respiration was lowest
at 10mM KCN, the inhibitor of cytochrome pathway, and it was lowest at 30 mM salicylhydrox-
amic acid (SHAM), the inhibitor of the alternative pathway. Oxygen isotope discrimination was
highest when leaf blade had HCN applied for 1 hour after being soaked in 10mM KCN for 3
minutes, and it was lowest when leaf blade was soaked in 30mM SHAM regardless of the
soaking method. The discrimination factors of the alternative oxidase and the cytochrome
oxidase of leaf blade were estimated as 20.3%, and 13.9%,, respectively, and the ratio of
cyanide-resistant respiration to dark respiration of leaf blade was 38°%.
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Fig. 1

Schematic diagram of the vacuum-preparation line. Labeled parts and symbols are as follows; 1: gas chromatograph

(GC8A, Shimadzu Co.), 2: stainless steel tube, 3: three port valve (Nipro Co.), 4: vent, 5: glass cock (Koshin Rikagaku
Seisakusho Co.), 6: Molecular Sieve 5A for collecting O,, 7: vent, 8: Pirani gauge (WPO5, Ulvac Japan Ltd), 9:
conversion furnace, 10: H,0O-trapping tube by using dry ice-acetone, 11: pressure transducer (PA830, Copal Elec-
tronics Co.), 12: CO,-holding tube for yield measurements, 13: port with attached sample tube (torched off for transfer
of CO, to mass spectrometer), 14: oil diffusion pump (KYM-AN10OOA, Kinoshita Rika Co.), 15: vacuum pump (E2M2,

Hitachi Ltd).
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Fig. 2 Change in dark respiration rate of leaf blade of rice as
affected by soda line. Dark respiration was measured
as decrease of O, concentration in the chamber which
included leaf blade with soda lime (O) or without soda

lime (@).
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Table 1
value to control. Data are means*s.e. (n).
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Effect of various treatments of KCN or SHAM on respiration rate in leaf of rice. Respiration rate is shown as relative

Respiration rate

Treatment Inhibitor Concentration (% of control)
Soaked for 1h KCN 1mM 95.0+ 3.6 (4)
Soaked for 1h after vacuum for 10 min. KCN 1mM 885+ 6.4 (2)
Soaked for 1h KCN 5mM 65.24+11.8 (3)
Soaked for 1h after vacuum for 10min. KCN 5mM 716+ 81 (4)
Soaked for 1h KCN 10mM 39.4+ 4.7 (3)
Soaked for 1h after vacuum for 10 min. KCN 10mM 388+ 5.3 (4)
Exposed to HCN for 1h after soaking for 3min. KCN 10mM 36.7+ 1.0 (3)
Soaked for 1h SHAM 20mM 745+ 58 (3)
Soaked for 1h after vacuum for 10 min. SHAM 20mM 79.2+ 3.0 (4)
Soaked for 1h SHAM 30mM 56.0+ 1.6 (3)
Soaked for 1h after vacuum for 10min. SHAM 30mM 615+ 1.5 (3)
Exposed to air for 1h after soaking for 3min. SHAM 30mM 676+ 0.9 (3)
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and —In f. These data were obtained with the leaf
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mM KCN, respectively. R, and R are the isotope ratios
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Table 2 Effect of various treatments of 10mM KCN or 30mM SHAM on discrimination factors (D) in leaf of rice. Data are

meansts.e. (n).

Treatment Inhibitor D (%)
Soaked for 1h KCN 17.1£1.8 (4)
Soaked for 1h after vacuum for 10min. KCN 18.6+1.1 (7)
Exposed to HCN for 1h after soaking for 3min. KCN 20.3+05 (7)
Soaked for 1h SHAM 13.9+0.5 (3)
Soaked for 1h after vacuum for 10min. SHAM 14.1£0.5 (5)
Exposed to air for 1h after soaking for 3min. SHAM 13.84+0.1 (6)
Soaked for 1h None 16.4+0.2 (3)
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