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Temperature-dependent tulip petal opening and closing is one type of plant oscillation.
Tulip petals open in the morning and close in the evening. This oscillation can be reproduced
by changing the temperature from 20°C to 5°C for opening and 5°C to 20°C for closing in the
dark. In this case, cut flowers were used in the test tube with 3H20. Following the transfer of
completely closed flowers from 5°C to 20°C, petals began to open with the increase of
opposite petal aperture and became static after 2 h. In this step the estimated 3H20 content
was almost proportional to the opposite petal aperture and became saturated after 2 h. When
the opened flowers were transferred from 20°C to 5°C, petals began to close with the
decrease of opposite petal aperture and the 3H20 content also proportionally decreased with
the opposite petal aperture. Closed flowers incubated at 10°C scarcely opened with very low
content of 3H20. This indicates that the temperature-dependent petal oscillation 1is
accompanied with temperature-dependent water transport. Transpiration for water loss by
stomata was suggested to be involved during petal opening and closing. Ruthenium red, a
Ca?* channel blocker and O, O*bis(2-aminophenyl)ethylene-glycol- N, N, N, N “tetraacetic acid,
a Ca2* chelator, exerted adverse inhibitory effects on petal opening and the transport of 3H=0,
indicating that a transient elevation in cytosolic free Ca2+ concentration, [Ca2*let may be a

crucial factor for temperature-dependent tulip petal opening. However, these inhibitors had
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no effect on closing, independent of [Ca2+]cyt.

Several proteins especially 90, 75, 52 and 31 kDa in the isolated plasma membrane
fraction were phosphorylated in the presence of 25 pM Ca2* at 20°C. The 31 kDa protein that
was phosphorylated in vitro and in vivo at 20°C, reacted clearly with a prepared anti- plasma
membrane aquaporin (PM-AQP) raised against a conserved amino acid sequence present in
many plant PM-AQPs, and thus it was suggested as the putative PM-AQP. This
phosphorylated PM-AQP reacted with the anti-phospho-Ser. A 45 kDa Ca2*-dependent
protein kinase (CDPK) in the isolated plasma membrane was characterized by in-gel assay.
Thus the phosphorylation of the butative PM-AQP by the CDPK was thought to activate the
water channel composed of PM-AQP. Water then accumulated in the cytoplasm of the petals,
resulting in petal opening. Dephosphorylation of phosphorylated PM-AQP occurred in the
course of petal closing when the flowers were transferred from 20°C to 5°C, and
dephosphorylation of the phosphorylated PM-AQP was supposed to inactivate the water
channel to interrupt the water transport to the cytosol, leading to the petal closing. But the
content of PM-AQP was found to remain almost constant level in both temperatures.

A protein phosphatase holoenzyme (38, 65, and 75 kDa) preparation and a free catalytic
subunit (38 kDa) were purified from tulip petals by analyzing their activity toward
prnitrophenyl phosphate. These enzyme preparations were characterized as protein
phosphatase 2A (PP2A) by biochemical and immunological approaches. The plasma
membrane containing the putative PM-AQP was prepared from tulip petals, phosphorylated
in vitro, and used as the substrate for both of the purified PP2A preparations. Both
preparations dephosphorylated the phosphorylated PM-AQP at 20°C, but only the
holoenzyme preparation acted at 5°C on the phosphorylated PM-AQP with higher substrate
specificity, suggesting that regulatory subunits are required for low temperature-dependent
dephosphorylation of PM-AQP in tulip petals. Thus the post-translational modification of
PM-AQP by phosphorylation with membrane associated CDPK and reversible
phosphorylation with PP2A  holoenzyme was  supposed to regulate the

temperature-dependent oscillation of tulip petals.
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