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ABSTRACT

Inhibitien of flowering in Lemna perpusilla 6746 by 30 mM sucrose was reversed
by the addition of acetylcholine (>>107*M) supplemented with 10-*M ascorbic
acid to 1/10-strength Hutner’'s growth medium. The reversible effect of acetyl-
choline was found to be greater at early stages of flowering than in the later
period.

Promotjve effects of bath acetylcholine (107*M) and eserine (10-*M) on flower-
ing in the short-day plant under various photoperiodic conditions were studied.
It was indicated that the application decreased length of the critical dark period
for the floral induction, and it was also shown that the endogeneus status of
acetylcholine was involved in the floral rssponse which had a correlation with
phytochrome, Interruption of inductive dark periods by red irradiation (1 min)
immediately followed by far-red light (1 min) completely inhibited flowering,
while the addition of acetylcholine and eserine to the medium under the same
condition slightly promoted flowering, indicating possible involvement of phyto-
chrome system in acetylcholine activity for photoperiodic sensitivity of floral
response in Lemmua perpusilla 6746.

growth medium (Esashi and Oda, 1964: Posner,

INTRODUCTION 1967, 1969; Hillman and Posner, 1971).

Photoperiodically sensitive floral response of a
short-day plant, Lemna perpusiila 6746 has been
found to be regulated by environmental factors
such as sugars, chelating agents, ammonium and
nitrate ions present in the growth medium. Sucrose
inhibits the floral response of Lemna while it
promotes the vegetative propagation. The inhibitory

effect of sucrose depends on the composition of

Acetylcholine present in all organs of mung bean
(Phaseolus aurens) seedlings was found to function
in roots as it did in animal systems, and it also
acted as a local hormone which regulated several
phytochrome-mediated phenomena (Jaffe, 1970). In
Lemna system, there were several reports showing
acetylcholine seemed to regulate the flowering and
diurnal temperature gemsitivity (Kandeler, 1972;
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Oots, and Hoshino, 1974)-

Zince the inhibition of flowering in Lemua per-
Dusilla 6746 by sucrose is extremely wvariable, it
is assumed that unidentified factors in the inhibi-
tion remain uncontrolled in the previous experi-
ments carried out in many laboratoriss.

The following report describes attempts to reveal
the sucrose inhibition of flowering related to
acetylcholine function, and also to relate the
acetylcholine effect to phytochrome system in
Lemna perpusilla 6746,

MATERIALS AND METHODS

Lemna perpusilla Torr. 6746, a short-day plant,
was grown ageptically in 125 ml Erlenmeyer flasks
containing 50 ml of Hutner's medium of various
dilutions. The composition of the medium of full
strength expressed in mg// of final solution is:
Ca(NO,),-4H,0, 354: KHPO,, 400; KOH, 200;
EDTA, 500; NHNO, 200: Mg80,.7H,0, 500;
FeS0,-7H.0, 24.9; MnCl,.4H,0, 17.9; ZnS0,-7H,0,
65.9; CuS0,-5H,0, 3.95; Na;Mo0,-2H.0, 25.2: and
H,BO,, 14.2. The pH of the culture solution was
adjusted to 6.3 before autoclaving.

Vegetative stock cultures were kept under conti-
nuous light in half-strength Hutner’'s medium
supplemented with 32 mM sucrose. Experimental
cultures were started with two 3-frond colonies per
culture flagsk. All cultures were grown in growth
chambers (Freas 815, Precision Scientific Co.) at
26%1°C during the light period and 24+i°C in
the dark. The light source in the growth cham bers
consisted of two 15-watt cool-white fluorescent
lamps(General Electric, Standard). The light inten-
sity, as measured with a photometer (LI-COR, 185
with LI-2i08 photometric sensor, LAMBDA Inst,
Corp.), was kept at 7000 lux at plant level.

The total frond number of a culture (#TF) was
determined by counting all fronds which visibly
projected beyond the margin of their mother
fronds. Flowering was evaluated by the flowering
percentage (FL9%) as described in previous reports
(Maeng and Khudairi, 1973; Khudairi and Maeng,
1972).

The red ard far-red light treatments were given
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in a specially designed irradiation cabinst in z
dark room. The rad light source consisted of two
10-watt cocl-white fluorescent lamps above a 3 mm
thick piece of Rohm and Haas #2423 red plexi-
glass which transmitted less than 1% below 580 nm
and 85~80% from 850~700 nm. As the far-red
light source, the light from forr 60~watt incandes-
cent bulbs was passed through 3 mm thick Rohm
and Haas FRF far-red plexiglass which transmitted
less than 1% below 760 nm. To minimize possible
temperature increases when the far-red light was
on, a fan was turned on to blew the hot air out of
the light source compartment above the far-red
filter. The red and far-red light energy, measured
with LI-180S Quantum Sensor (LAMBDA Inst.
Corp.), were 2.3 and 0. 75 microeipsteing.-m-2. gsec-
Tespectively.

Sucrose was added, if needed, to the culture
medium  befcre autoclaving, and acetylcholine
chloride (Sigma), ascorbic acid (Sigma) and ese-.
rine sulfate (Sigma) were sterilized by memkrane
filtration before adding to the medium. Acetyl-
choline treatments were supplemented with 10-*M
ascorbic acid in all experiments. All experiments
were repeated twice and a treatment had Jor4
replicas.

RESULTS AND DISCUSSION

The inhibitory effect of sucrose on flowering of
Lemna is extremely variable depending on inten-
sity of light, growth cenditions of steck cultures,
size of culture vessel, concentration of growth
medium, agitation of vessels, and carbon dioxide
confent (Fsashi and Cda, 1964; Posner, 1967;
Hillman and Posner, 1971).

In dilute Hutper's medizm (1/10-strength),
there was complete inhikition of flowering by
Sucrose at concentration of 15 mM or higher, while
the sucrose effect was diminished as the corcen-
tration of Hutner’s medium increased toward its
full strength (Posmer, 1967). As shown in Figure ],
sucrose (30mM) in 1/10-strength Hutner's medium
inhibited flowering by 51. 3% —35.6% in 4-7 days.
It was ohserved that the inhititory effect during
early culture period was greater than that at later
period, which led ta an assumption that wnidenti-
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Fig. 1. Effect of acetylcholine supplemented with
10-*M ascorbic acid reversing the sucrose inhibi-
tion of flowering in Lemna perpusilla 6746 gro-
wn on 1/10-strength Hutnsr's medium under §-ho-
ur lizht, 16-hovr dark cycles. FL9% was evalua
ted at the end of each dark period. Treatments
were at the beginning of the first light period.

fied factors preventing the sucrose effact Became
gradually activated in the later stage. It could
also be possible that the concentration of sucrose
decreased in later period, but a preliminary exp-
eriment showed the degree of decreasing was too
low in 7 days of culture to even partially dimi-
nish the sucrose effect. This was consistent with
results obtained by Posner in 1967 and 1969.
Among many diverse factors reversing the sucr-
ose inhibition, ATP and intermediates of the tric-
arboxylic acid cycle were reported to be effective,
and it was shown that there was a correlation
hetween carbohydratz inhikition of ﬂoweriné and
enhancement of glucose 6~phosphate dehydrogenase
(Posner, 1971). Sucrose inhibition of flowering in
a long day plant, Lemna gibba G3 was reversed
by #,5-cyclic AMP and catecholamines (Oota,
1972, 1974), while in Lemna perpusilla 6746,
several adenine derivatives including 5-AMP,
cyclic 8/, 5-AMP, 5-ADP, 5-ATP and X,HPO,
were reported to reverse at least partially the
inhibitory effect of sucrose (Posmer, 1973). So
far, however, there has been no satisfactory ex-
planation on the mechanism of sucrose action. The
present report made attempts to relate the sucrose
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action to phytochrome system in Lemna pzrpu-
silla.

Various concentrations of acetylcholine supplem-
ented with 10~*M ascorbic acid were added to a
dilute Hutner's medium (1/10-strength) to reveal
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Fig. 2. Promotion of flowering in Lemmna perpus-
illa 6746 by acetylcholine supplemented with
107*M ascorbic acid. The plants were grown on
1/10-strength Hutner's medium under 8-hour light,
16-bour dark cycles. FLY% was evaluated on Day
5. Treatments were at ths beginning of the first
light period,
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Fig. 3. Promotive effects of acetylcholine (Ach;
10°M) supplemented with 10-*M ascorbic acid
and of eserine (10-°M) on flowering in Lemna
Derpusilla 6746 grown on 1/10-strength Hutner’s
medium with 30mM sucrose under various photo-
periods for 6 days. Treatments were at the begin-
ning of the first light period and FL% was eva.
luated at the end of the last dark period. Photo-
periodic schedule : X(Y) represents X-hour light,
Y-hour dark.
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a relationship between sucrose amd zcetylcholine
effects (Fig. 2). With no sucrose in the growth
medium, 2cetylcholine (1077 through 10*M) had
little or no effect on flowering. In the presence
of 30 mM sucrose, however, acetylcholine ($107{M)
exerted its effect.

In Figure 1, acetylcholine at its concentration
of 107*M could completely reverse the inhibitory
effect of 30 mM sucrose up to Day 5, while its
reversible action became effective only to a certain
extent at later stage. It was shown that acetyl-
choline effect on ths flowering in Lemna perpu-
silla was greatly enhanced as photopsriod approa-
ched its critical level which was 12-hour light,
12~-hour dark in 24-hour cycle (Fig. 3 and Table
1). Furthermore, acetylcholine application to the
medijum could decrease length of the critical dark
period for the plant, Thus, flowering could be
induced even under 16-hour light, 8-hour dark
cycles, which was a long-day condition for the
plant.

To prepare 2n . evidence that the endogenous
acetylcholine level rather than the exogenously
applied one was involved in this action, the effect
of eserine, a specific inhibitor of acetylcholineste-
rase, was studied. Eserine wasd found to have a si-
milar effect to that of acetylcholine.

Based on the results stated above, endogenous
level of acetylcholne in the plant is assumed to
be altered under different photopericdic conditions.
An alternative assumption for the results is that
acetylcholine status in the plant has a correlation
with factors controlling the photoperiodic sensiti-

Table 1. Percentages of increase in flowering in
Lemna perpusilla 6746 by acetylcholine(Ach)
or .eserine under various photoperiods

Photoperiodic schedule

Addition of:

8(16) 10(14) 12(12) 16(8)
10°M Ach
pLus . 147.7% 152.7% 237.5% oo
10~+M Ascorbic »ivo <L -
acid
10-*M Eserine  109.69% 112.5% 145.5% =a

See Fig. 3 for experimental conditions.
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vity “spch as phytochrome systum as discussed
later.

There have been a few reports showing a possi-
ble correlation hetween acstylcholine action and
phytochrome sysatem. Acetylcholine, a neurchumor
in animal system, was found to be present in
organs of mung bean szedlings and it was able to
substitute for red light in reducing the formation
of secondary roots by mediating changes in ion
flux acrosgs cell membrane, showing an evidence
that it acted as a local hormone regulating szveral
phytochrome-mediated phenomena (Jaffe, 1970).
Another finding should be mentioned: when Lemna
gibbe G3 was in contact with acetylcholine or
eserine, floral response to chilling changed diur-
nally under continucus light (Oota and Hoshino,
1974). They surmised that exogenous acetylcholine
modiiied the relative rates of chamical and phy-
sical component reactions involved in the floral
evocation processes, resulting in the rhythmical
floral response to chilling. Membrane permeability
of the plant showed fluctuation similar to the one
revealing endodiurnal rhythm in Albszzia pulvinule,
which was related to phytochrome in some ways
(Satter and Galston, 1971).

The data presented in Table 2 gave an evidence
in favor of the idea that phytochrome system was.
involved in acetylcholine action. Interruption of -
12-hour dark period by 1 min red light or red light
immediately followed by far-red light completely
diminished the inductive dark period effect for
flowering, However, in the presence of acetylchol-
ine (1074, 107°M) or eserine (10-%, 10-*M) in the
growth medinm, the flowering was slightly rest-
ored in group Y shdwing that the compounds over-
came the inhibitory effect of red followed by far-
red irradiations in the middle of the dark period.
Flowering did not occurred in group V where only
red light interrupted the dark.

Since reversible effect of far-red irradiation
following red light treatment was not observed,
the result in group V[ in Table 2 could make
postulation that P, form of phytochrome with

adequate levels of acetylcholine might have initi-
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Table 2. Effects of acetylcholine and eserine on
the floral induction in Lemna perpusille 6748
related to phytochrome system.

Group* Treatments FL% xs.e. #TF +se
1 none 12.4+0.70 71.3£0.52
I none i 98.1+2.53
I none 0 86.5x4.31
v Ach: 10M  28.5:1.22  56.6:+2.02
10-*M  26.8+1.00  60.9+5.55

Eger: 10°M  20.5%1.85  57.3+6.51

107°M  20.6%£0.46  59.3+2.55

AY Ach: 100'M 0 88.1+2.56
10°M ¢ 80.3+1.40

Eser: 10>M 0 92.643.98

10-:M 0 90.8+1.22

v Ach: 10-M  2.5+0.53  70.7%4.12
10°M  6.7%£0.49  70.5%6.22

Esger: 10°M 0 85.51+4.84

10°M  2.0%0.50 84.1%5.13

Plants were grown on 1/10-strength Hutner's
medium with 30mM sucrose. Photoperiodic condit-
ion: 3 cycles of 12(12) followed by 2 cycles of 24
(0). Addition of Ach and Eser (eserine) at the
beginning of the first light pericd. FL% and #TF
were measured at the end of the last cycle.
*Group ] &N : control. T&V :red light (1 min)
in the middle of dark periods. T&V :red light
(1 min)followed by far-red light (1 min) in the
middle of darkperiods.

ated chemical reactions fo rthef loral induction
in Lemna perpusilla 6746.

Further studies are required to detect changes
of endogenous levels of acetylcholine in Lemna in
the process of floral induction. Investigations on
effects of other related compounds such as “nor-
epinephrine, 5-hydroxytryptamine, atropin and
acetylcholinesterase are also to be suggested.

This work was supported by Korean Traders
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