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Summary

In vitro cultured bulb-scale segments of Lilium longiflorum Thunb., adventitious bulblet
differentiation can be induced when the segments were cultured on the medium containing some
glycerophospholipid, such as phosphatidic acid, lysophosphatidic acid, phosphatidylinositol,
phosphatidylserine, phosphatidylethanolamine, phosphatidylcholine, phosphatidylglycerol and
dioleine. Intracellular concentration of free calcium ions in the segments was increased by the
application of above phospholipid. Therefore, the promotive effects of phospholipid was thought
to be due to the release of calcium ions from organelle or vacuole to cytosol, and the released
calcium ions induced bulblet differentiation. The protein kinase C was thought to be stimulated
by the released calcium ions, and the kinase was also stimulated by phorbol ester. The applica-
tion of phorbol ester also promoted bulblet induction. These results support the idea that bulblet
initiation induced by phospholipid or phorbol ester may be mediated, at least partially, by protein
kinase C.
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Introduction

Adventitious bulblet differentiation in the bulb-scale segments of Lilium longiflorum
was induced by application of cytokinin and auxin, and stimulated by wounding treatment
and addition of traumatic acid®. In the case of adventitious bud initiation in Torenia stem
segments, additional wounding treatment® and application of traumatic acid® stimulated
bud initiation, and increment in intracellular Ca** also promoted this phenomena”. Incre-
ment in Ca®* was seemed to be essential for adventitious organ induction.

Intracellular concentration of free Ca?* were maintained in relatively low levels by
active transport systems in plasma membrane Ca?**-ATPase and accumulation of Ca** in
organelle and vacuoles?. The Ca?* release from organelle and vacuoles to cytoplasm was
attained by action of some phospholipid?.

Intracellular concentration of free Ca** can be measured using Ca**-binding fluores-
cent indicators such as Quin II®. This chemical specificaly bind with Ca** and Ca**
concentration can be detected by the intensity of fluorescence. According to the report of
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Tsien et al?, Quin II AM is acetoxymethyl ester of Quin II, readily permeates the
membrane and is hydrolyzed in the cytoplasm. The hydrolyzed Quin II binds Ca** with 1:
1 stoichiometry®.

Therefore, we tried to examine the effects of phospholipid on adventitious bulblet
induction in lily bulb-scale segments, and measured intracellular concentration of Ca?* in
the segments.

The released Ca?* by phospholipid was thought to stimulate protein kinase C (PK-C),
and PK-C was also stimulated by phorbol ester®. Thus we tried to examine the effects of
phorbol ester on bulblet initiation using 12-0-tetradecanoyl phorbol-13-acetate (TPA) and
phorbol-12,13-dibutyrate (PBt,).

Materials and Methods

Plantlets of Lilium longiflorumm Thunb. were grown in vitro as reported previously?,
the bulbs (about 15 mm in diameter) formed in the basal part of plantlets were harvested
and the outer 2 bulb-scales were used. The bulb-scales were transversally cut to 6
segments and the segments were used as explants. The explants were cultured on the basal
culture medium containing Murashige and Skoog’s mineral salts®, 4 9 sucrose and 0.25 %
Gelrite with 0.1 M naphthaleneacetic acid (NAA) and 1 xM benzyladenine (BA).
Solutions of phosphatidic acid (PA), lysophosphatidic acid (LPA), phosphatidylinositol
(PI), phosphatidylserine (PS), phosphatidylethanolamine (PE), phosphatidylcholine (PC),
phosphatidylglycerol (PG), diolein (DO), TPA and PBt, were sterilized through Millipore
filter (0.22 gm) and added to the culture medium. The cultures were maintained under 16
hr long day photoperiod (6,000 lux) and constant temperature at 2542 °C. After 3 weeks
of culture, bulblet differentiation in the cultured explants and the number of bulblets
formed in the explants were observed.

To examine Ca*" release to cytoplasm, CaCl, was eliminated from basal culture
medium and ethyleneglycol-bis- (2-aminoethyl ether) -N,N,N’,N’~tetraacetic acid (EGTA)
was added to medium at 0.8 mM.

Intracellular concentration of free Ca** were measured as follows. The explants
cultured on the medium with phospholipids were sliced to sections (0.5 mm in deepth), and
incubated in 50 #M Quin II AM (Dojin, Japan) for 1 hr, washed with water and then
observed by a fluorescence microscope (Optiphot with EF, Nikon, Japan). For fluores-
cence excitation, an HBO 50-W mercury vapor lamp. (Osram, FRG) was used with a U
filter (Nikon, Japan) (broad band excitation peak at 340 nm) for Quin II AM excitation.
Fluorescence of Quin II were monitored at the wavelength longer than 490 nm. Relative
intensity for Quin II fluorescence was measured by a micro-photometer (Nikon P-1,
Japan). For calculation of intracellular Ca?®* concentration, Ca%* solutions at various
concentrations were prepared, the relative intensity of Quin II fluorescence was measured
(Fig. 1) and the Ca®* concentrations were calculated by the intensity.
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Fig. 1. Correlation between Ca?* concentrations of solutions and relative
flourescence. The Ca**-binding fluorescent indicator, Quin II was
added to the various concentrations (0.001 to 10 zM) of Ca®* solution,
and the relative fluorescence intensity was measured using fluores-
cence microscope and micro-photometer.
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Fig. 2. Effects of phospholipid on bulblet initiation in lily bulb-scale seg-
ments (1). The bulb-scale segments were cultured for 3 weeks on the
medium containing phosphatidylinositol (QO), phosphatidyleth-
anolamine ({7), phospatidylcholine (&), phosphatidylserine (@) or
phosphatidylglycerol (EB).
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Fig. 3. Effects of phospholipid on bulblet initiation in lily bulb-scale seg-
ments (2). The bulb-scale segments were cultured for 3 weeks on the
medium containing phosphatidic acid (O), lysophosphatidic acid (O3)
or diolein (A).
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Table 1. Intracellular concentrations of Ca** in bulb-scale segments cultured on medium containing

phospholipid.

Phospholipid Conc(inl\t/;)a tion Intraciiuézl; +cczr;c1\e/zlr;tratlon No. of bulblets per explant
No addition 0 0.02 1.8
PA 1 0.9 8.2
LPA 1 0.8 7.2
PI 0.1 1.2 8.6
PE 0.1 0.8 5.8
PC 0.1 0.7 5.2
PS 10 0.9 8.0
PG 0.1 1.0 8.4
DO 1 1.4 8.8

The bulb-scale segments were cultured on the medium without Ca?* and added 0.8 mM EGTA
with some phospholipids such as phosphatidic acid (PA), lysophosphatidic acid (LPA), phos-
phatidylinositol (PI), phosphatidylethanolamine (PE), phosphatidylcholine (PC), phosphatidylserine
(PS), phosphatidylglycerol (PG) or diolein (DO). The cultured segments were sliced 0.5 mm in
deepth and incubated with 50 M Quin II AM for 1 hr, and observed fluorescent microscope. The
relative intensity of fluorescence was measured by micro photometer and then Ca® concentration
was calibrated by Fig. 1.
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Fig. 4. Effects of phorbol ester on bulblet initiation in lily bulb-scale seg-
ments. The bulb-scale segments were cultured on the medium contain-
ing 12-O-tetradecanoyl phorbol-13-acetate (O) or phorbol-12,13
~dibutyrate (@®).

Results and Discussion

The number of bulblets formed in the explants cultured on basal culture medium
without phospholipid was about 2.1. The application of all of phospholipids examined
significantly increased the number of bulblets (Fig. 2, 3). The most effective concentration
was different in each chemical, 0.1 #M in PI, PE, PC and PG, 1 #M in PA, LPA and DO,
and 10 xM in PS. The largest number of bulblets, 8.2 per explant, was obtained at 1 uM
of DO. (Fig. 3). The Ca?* accumulated in the organelle and vacuoles was released by
phospholipid in animal and microbial cells”. To examine the roles of phospholipid, the
intracellular concentrations of Ca** was measured. The explants were cultured on the
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medium without Ca**, and containing 0.8 mM of EGTA and various phospholipids. As
shown in Table 1, the endogenous concentrations of Ca** were remarkably increased by the
application of phospholipids.

The released Ca** by phospholipid was thought to stimulate PK-C activity, and PK-C
acted phosphorylation of some proteins. Stimulation of PK-C activity was also attained
by phorbol ester®. Therefore, we examined the effects of phorbol ester such as TPA and
PBt,. The results was shown in Fig. 4, and both TPA and PBt, strongly promoted bulblet
differentiation at very low concentration (0.1 xM). These results support the idea that
bulblet initiation induced by phospholipid or phorbol ester may be mediated, at least
partially, by protein kinase C.
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